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circulating androgen in nen, is synthesized fromcholesterol. The
approximately 500 mllion Leydig cells in f{he testes secrete nore than 95%
of 10 the 6-7 ng of testosterone produced per day. Two hornones produced by
the pituitary gland, luteinizing hormone ("LH') and follicle stinulating
hormone ("FSH'), are required for the devel opnent and nai nt enance of
testicul ar funesteuTEROGE GREgadoMPRIyINGEPRUPALENE 65tCIl 88 MENEPRAMONt ENHANCER
Circulating testosterone is nmetabolized to various 17-keto steroids through
two different pathways. Testosterone can be 15 nmetabolized to

di hydr ot estosterone ("DHT") by the enzyne 5-al pha-reductase or to estradiol
("E2") by an aronmatase enzyme conplex. Testosterone circulates in the blood
98% bound o pFhetpresent invention relates toxtestesterpye-doaining pharmacrditiog) dogpositions

high-affinity sex hor e bindin obulin ("SHBG'). The renmaining 60%is
bound weakly apgggrsbaq:ﬁ)ﬁmﬁ'hags, “sjngh‘ﬁﬁ@me'of neasurements for testosterone
are avail abl e GhMdFal | aboratories. The follow ng table fromthe
UCLA- Har bor I\/ET(‘ji&goa’g}}é%?ﬁter sunmari zes the hornone concentrations in nornal

adult men: HorTestosterenc ithe majoNoircudatingandrogearimnren, Mosynthesied from chetestesaler one
(total) 298 to_1043ng/ dL 25 ee. . Jesjosterone 3,5 to 17.9ng/dL o]
193ng/ dL Drrr/ﬁemnrwmaéé& 55@ mpjllion cells igrtbe festesseetety more %5%9% to
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pituitary gland, luteinizing hormone ("LH") and follicle stimulating hormone
("FSH"), are required for the development and maintenance of testicular function and
negatively regulate testosterone production. Circulating testosterone- is metabolized
to various 17-keto steroids through two different pathways. Testosterone can be
15 metabolized to dihydrotestosterone ("DHT") by the enzyme S5-alpha-reductase or to
estradiol ("E2") by an aromatase enzyme complex. Testosterone circulates in the
blood 98% bound to protein. In men, approximately 40% of the binding is to the
high-affinity sex hormone binding globulin ("SHBG"). The remaining 60% is bound
weakly to albumin. Thus, a number of measurements for testosterone are available
20 from clinical laboratories. |
The following table from the UCLA-Harbor Medical Center summarizes the
hormone concentrations in normal adult men:

Hormone Levels in Normal Men : Hormone Noﬁnal Range

Testosterone (total) 298 to 1043ng/dL
25  Free Testosterone 3.5t0 17.9ng/dL
DHT | 31 to 193ng/dL
DHT/T Ratio 0.052 to 0.33
DHT+T 372 to 1349ng/dL
SHBG 10.8 to 46.6nmol/L
30 FSH 1.0 to 6.9mIU/mL
LH 1.0 to 8.1mlU/mL

E2 17.1 t0 46.1pg/mL



There is consi %erabl e variation in the half-life of testosterone reported in
t he Iiteraturi, ranging from 10 to 100 m nutes. Researchers do agree,
however, that ' circul ating testosterone has a diurnal varjati LN nor mal
young mnen. iﬂ "8 evel s occur at approxi mately 6:00 toi)%}/bg%g.%/mm% th

| evel s declining throughout the 5 flay. Characteristic profiles have a

maxi mum t est osterone | evel of 720 ng/dL andga mininmumlevel of 430 ng/dL.
The physi ol ogi cal significance of this diurnal cycle, if any, however, is
not clear. Testhgfee i ROndiderd¥leevariaiion einc thet half-lifé cfntbswgrerine sdperted da the t he
urine of adult wonen was denpnstrated 10 nore_than 50 years ago. Since that
time, physiol odjteratureyranging ffremalfs th 08 minytesy Bgsearcherss doragzee, eNeG | el cal
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Fifty percent circulating testosterone is derived fromdirect ovarian
secretion in tdicedtlyeand thriugh precirsorshdo cthet approxifately 500i pgnef testostesene The
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androgen producing tumors, have been well described, the normal physiological
effects of androgens in women have been much less appreciated. As inferred from
animal studies, male physiology, and the symptoms of women with deficient
20 androgen production, the major physiological effects of androgens in normal women
include, but are not limited to anabolic effects on muscle, skin, hair and bone;
stimulatory effects on erythropoiesis; modulétory effects on immune function; and
psychological effects on mood, well-being and sexual function. '
In addition, endogenous androgens are important for the development of pubic hair
25 and are thought to modulate the action of estrogens and progestins on a variety of
reproductive target tissues. It is also believed that androgehs play an important role
in modulating the secretory function of the lacrimal gland.
Fifty percent of circulating testosterone is derived from direct ovarian secretion in
the thecal cells under the control of luteinizing hormone. The other half is derived
30 from peripheral conversion of adrenal androgen precursors dehydroepiandrosterone,

androstenedione, and dehydroepiandrosterone sulphate. Testosterone can also be



converted to di hydrotestosterone or estradiol. Thus, testosterone serves as
both a hornone and as a pro-hornone. Testosterone circulates in the bl ood
98% bound to protein. In wonen, approximately 66% of the binding is to the
hi gh- af f i nYA2%4R78r none bi nding gl obulin. The 5 remai anE{EQMg/P@Z??ound
weakly to al bum n. Thus, a nunmber of neasurenents for testosterone are
available fromclinical |aboratories. The grder of affinity for the
steroids nost strongly bound by sex hornoné binding globulin is
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Sex hornone binding globdlin weakly binds dihydrotestosterone, but not

di hydr ot est ost kormone and asia pro-formang. t abl e bel ow shows t he approxi mat e
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human 30 i nmu@egdrhl Ci ency virus-positive wonen. WD 2006/ 027278
PCT/ EP2005/ 010293 4 Because_i ncreasj ng testaqsterone concentrati ons has been

shown to alterH Levels in Normal Pre-Menopausal Women

Hormone Mean +/- sd Median Range
Testosterone (nmol/L) 1.20 +/- 0.69 0.98 04-2.7

15 Free tesfosterone (pmol/L) 12.80 +/- 5.59 12.53 4.1-24.2
% Free testosterone of total
testosterone 14+/-1.1 1.1 0.4-6.3
Luteinizing hormone (IU/L) 72+/-33 6.7 3.0-18.7
Follicle stimulating |

20  hormone (IU/L) 4.7 +/- 3.6 42 1.5-21.4
Sex hormone binding '
globulin (amol/L) 66.1 +-22.7 71.0 17.8-114.0

In comparison to other hormone deficiency states, testosterone deficiency in women
has been largely ignored as a clinical entity. Nevertheless, there exist well-defined
25 subject populations where androgen production is clearly deficient and where
associated symptomatology has been described, including, for example, young
oophorectomized/hysterectomized women, post-menopausal women on estrogen
replacement therapy, women on oral contraceptives, women with adrenal
dysfunction, women with corticosteroid-induced adrenal suppression, and human

30 immunodeficiency virus-positive women.



performance and |i bido, researchers have investigated nethods of delivering
testosterone to nen, and al so to wonen. These net hods i nclude intramuscul ar

i njections,, O repl acenent, pellet inplants, and transderntal patches. 5
These testgﬁ@ﬁ%??ﬁﬁelivery met hods, however, suffer fronFéT@P?)qﬁg’PrW%’

drawbacks. For exanple, sub-dermal pellet inplants and ester injections are
pai nful and require surgical procedure and/or doctor visits. Mreover, in
hypogonadal men inplant therapy includes a risk of extrusion (8.5%,
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associated with significant skin irritation. In addition, patches do not provide dosing

flexibility, might be visually unappealing and may have a tendency to fall off,
15 especially duﬁng rigorous physical exercise. Oral administration produces
inappropriate testosterone levels and unpredictable absorption patterns between
subjects. Moreover, because the liver metabolizes the preparation, there is a risk of
hepatotoxicity not to mention first pass metabolism.
Recently, a one-percent testosterone gel has been approved for use in men, and
20 provides dosing flexibility with minimal skin irritation. This gel is available in the
United States under the trademark AndroGel® from Unimed Pharmaceuticals, Inc.,
Deerfield, Ill., a SolvayPharmaceuticals, Inc.Co. , Marietta, GA 30062.

Composition of AndroGel ®:
Composition of | AMOUNT (w/w) PER 100 g OF GEL
AndroGel ®:
SUBSTANCE
Testosterone 1.0g
Carbopol 980 090g
Isopropyl myristate 050g
0.1 N NaOH 4.72¢g
Ethanol (95% v/v) 72.5 g*
Purified water (gsf) 100 g

*corresponding to 67 g of absolute ethanol.
25 |
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conpositions and gels, suitable for topical and transdermal application,
wherein said conpositions contain propyl ege glycol. In addition to
achieving a very effective testosterone délivery, the conpositions of the
invention are aesthetically very attractive. Propylene glycol was shown to
be a very potent penetration enhancer in the conpositions of the invention,
used as sol e pTheprestntanventionprevides testostéOne-containing pimrmiacéntical ¢dmmpositions
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composition is a gel.

The term “testosterone” as used hereafter refers not only to testosterone itself, but
also to its enantiomers, isomers, tautomers, salts, chelates, esters, amides,

20 derivatives, and pro-drugs and precursors thereof, e.g. DHT (dihydrotestosterone),
17-methyltestosterone, 17[alpha]-methyl-testosterone 3-cyclopentyl enol ether,
testosterone enanthate, testosterone cypionate, testosterone undecanoate, testosterone
cyclodextrin, testosterone buciclate. According to the invention, testosterone can be
of natural origin, or result from a hemisynthesis or synthesis process.

25 (C2-Cé6 alcohols are known in the art. Such alcohols encompass ethanol, propanol,
isopropanol (propan-2-ol), n-propanol (propan-1-ol), butanol, butan-1-ol, butan-2-ol,
ter-butanol, pentanols, hexanols. Ethanol is preferred, since it contributes efficiently
towards the transdermal passage of testosterone by evaporating quickly on contact
with the skin.

30 Gelling agents are known in the art. The term ‘gelling agent’ generally refers to a
compound, possibly of polymeric nature, having the capacity to gel when contacted

with a specific solvent, e.g. water. Gelling agents make it possible to increase the



6 viscosity of the pharmaceutical conpositions according to the invention,
but may also act as solubilizing agents. Exanples of gelling agents include

ani oni ¢ polyners such as acrylic acid based polyners (i acrylic
aci d pol yﬁ%&%‘m@zb”s CARBOPOL(r) by B.F. Goodrich Speci alqég%%%%%and
Chem cals Division of 5 Cleveland, Ohio)., cellul ose derivatives, pol oxaners
and pol oxam nes, nore precisely, Car bomer% or acrylic acid- based pol yners,
e.g. Carbopol (r) 980 or 940, 981 or 941 382 or 1382, 5984, 2984, 934 or

934P ( Car bopol {ikcf t? dfstha! phdrmfcehicat ' soniflositiony hccbrmgotocmes’aﬁbmi@ﬁdbw infly
allyl sucrose or allylpentaerythritol), Penulen TR1 (r) or TR2 (r), Utrez,
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68 or 127, poFoxam nes and ot her gelling agents such as chitosan, dextran,
pectins, arfd - Gleveland, (dhie)., Alellulnise t dematlged Ipmigxagetst and a poloaraines,n more

fhe | i Ei‘tﬁ'n? on. ARSI RIYORETS 08 AR P Do RomerSe S ke barOLB 01 P4 o
H ity.
Py oxypr opyl o) o oo PP, 5%%0"3%%”?%‘? o (PP CarBORBe e bty

preferred in pdlgmersno€xdcryic atid prosdinked |mﬂeralllybrsuc12>©e Rernallylpentasrythrited)ycer s
are also known_in th rt. “penetration hancer' ener al | gent
known to accel g?‘ﬁ?’@"ﬁﬂé @érw& ﬁ ?Zhéyﬂ G 8- \Fé"B&FﬁSF‘E)Y"é‘X"’%W @§h
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| ayer. Unl ess ot herw e stated, percenta refer, . to anounts b
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PCT/ EP2005/ 010gdietted taking into account the pH of the composition according to the invention and

the desired viscosity.
Hydroxypropylcellulose, Carbopol® 980 and Lutrol® are particularly preferred in
the context of the present invention. |

20 Penetration enhancers are also known in the art. A ‘penetration enhancer’ is
generally an agent known to accelerate the delivery of the drug or active principle
through the skin. These agents also have been referred to as penetration accelerants,
adjuvants, and absorption promoters. This class of agents includes those with diverse
mechanisms of action including those which have the function of improving the

25 solubility and diffusibility of the drug, and those which improve transdermal
absorption by changing the ability of the stratum cormeum to retain moisture,
softening the skin, improving the skin's permeability, acting as penetration assistants
or hair-follicle openers or changing temporarily the state of the skin such as the
boundary layer.

30  Unless otherwise stated, percentages (%) refer to amounts by weight based upon total
weight of the composition.



7 According to one aspect, said pharmaceutical conposition conprises 0.5 to
5.0 % (ww, preferably 0.5to 2.5 % (ww, nore preferably 0.6 to 2.0 %
(wWw, even nore preferably 0.7 to 1.5 % (ww, even nore preferably 0.75
to 1.25 %WW%6,/02772§6I’1 nore preferably 0.8 to 1.2 % (w wPCTARRRRR2HRpr e
preferably 0.9 to 1.1 % 5 (ww), nost preferably about 1.0 % (w w) of
testosterone. According to another aspect 9f the invention, said
pharmaceutical conposition conprises 0.5 to 5.0 % (ww), preferably 0.5 to

2.5 % (ww, f I T 9 : f by 0.9
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preferably 54.0 to 56. 15 %(W/Wz, nost_ preferably about 56 % (w w) of at
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(W w, nore prtbBsI(y/w), evanomore meferably W2J tedid Hrdwéwh stillanersppeferably 1.3 3. 5
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anot her aspect of the invention, sai g)dgel ling agent is selected fromthe 25

group consi st i Hy(wiw)apreferaklyadd.8-to 79&:%lay/pemere prgkarakly 43-¢ta 620 34i(wéw),
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Car boners such as "Car bopol (r) pol yners, e.gg. Car bopol (r) 980 or 940, 981 or
941, 1382 by 1%stw/wiosast preferablyoahout 36 Ya(w/93 obat leestwne £27C6 plcohgl. or TR2 (1),

1, 10yl b PRESRIAFURE Byl RRPECo Hephe i it s
2006/ 027278 PCaidap2éhsistia® 2 3ethanol, propan-1-ol and propan-2-ol, and mixtures thereof.
Preferably said C2-C6 alcohol is ethanol.
According to another aspect of the invention, said pharmaceutical composition
20 comprises 0.1 to 5.0 % (w/w), preferably 0.15 td 4.5 % (w/w), more preferably 0.2 to
4.0 % (w/w), even more preferably 0.25 to 3.5 % (w/w), even more preferably 0.3 to
3.0 % (w/w), even more preferably 0.4 to 2.5 % (w/w), still more preferably 0.5 to
2.0 % (w/w), most preferably about 0.5 to 1.0 % (w/w) of at least one gelling agent.
According to another aspect of the invention, said gelling agent is selected from the
25 group consisting of acrylic acid-based polymers, including cellulosics, including
cellulose esters and derivatives (cellulose derivatives such as ethylcellulose,
hydroxypropylcellulose, hydroxyethylcellulose,  hydroxypropylmethylcellulose
(HPMC), carboxymethylcellulose (CMC), etc); Carbomers such as Carbopol®
polymers, e.g. Carbopol® 980 or 940, 981 or 941, 1382 or 1382, 5984, 2984, 934, or
30 934P, Pemulen TR1 ® or TR2 ®, Ultrez, Synthalen CR, etc.; poloxamines,
poloxamers or polyethylene-polypropylene copolymers such as Lutrol ® grade 68 or



8 127, pol oxam nes or other gelling agents such as chitosan, dextran,
pectins, and natural gunms, and m xtures thereof. According to another

aspect of the inventi on, said pharmaceutical conposition onprises 0.1 to
5.0 % (w WOy v 0.15 to 4.5 % (W w), nore pref eraﬁﬁ/gvg?"fs@ﬂm% 4.0 %
(ww, even nore preferably 0.3 to 3.5 % (ww), even nore preferably 0.4 to
3.0 % (WwWw, still nore preferably 0.5 to 5 % (ww, nost preferably 0.5
to 2.0 % (ww of propylene glycol. Advantageously according to the

i nvention, for 1?')1% ol6Rahiaed ¥ ViRerCEEMig aferdd) dud ﬁ?Qﬁitééaﬂ”%eQ&aﬂ nﬁctuwemal on,
propyl ene gl yco s found to be a very effective and corrpa ib

penetration enhaumégumbrmmldmmmromherdwé use of 10 propylene gl ycol accordi ng

to th t | eads | t t t h .
a1 1 acti ve. appRARaIHmS. WrTabIRG ATERRL A, B UBATS) 0 PLRRacees | SAPIEIOR ar o
very transpar eeé'ﬂ%"‘use ib{&’s Gt")a(@ﬁ%fiﬂf’ef ag 't ﬁ&??/%g?)vﬁaﬁﬁpé refefd bty 82 to

whi ch i nproves y a patie I on, ar rraceutl
conposi ti ong 0#.0 %hev/wivevehimorerprefetably 0.3wes. 5% Mhel), evnntmotosprefdmbaoosrto t he

broven o' be. CBASAMENY Tk HORCPISTRRHY O ko341 FoD, TRt PRy rABR 1B 11 S Re.
The composi {1 ORINACHP oMol ghaEl, ARERLORTcbRHEEE B (R AlioRoRS" 6! O

enhancers. Acc ent’ i nve 10 arnmaceut! ca

conposi tion Optdstwﬁkéne cd‘nw:imatd compusitions ofatiecinveritibn| prdw&ne ghrdl wamfounﬁhe
present invention provides a pharmaceufical conposition nprising to
5.0 % (w w) of ta beadwnsefisetive angthcompatibies penetration hhascer In@déttwan&xe@zsc@zf

al cohol , 0. t e 0
5.0 % (vv/ W}O Eig)&:gleﬁre &gwl}%:\g@sﬁdﬂg ?o tygfﬁ%mﬁﬁ 1e8§ kd pﬂarﬁ%@él}quo Fﬁéomp@sn}orfs
embodi ment, t hhayingsenery naft&aétmn appavirges Thep bladmaeantcub abomposirions tofothe
comprising: 0.75 to 1.25 % ( of testgsterone, 30 - 50.0 tqo 70.0 % (wWw)

of a |east oneinveniign &T‘c&%l transpaqgntl vigpally gtisactiyepand have verypleasaleteytiie,i ng
agent, - 0.2 t Q440 rbVlsthe Blc BY 2 BYiEH AnHadfifdh; the pharmaceutical compositions of

the invention require lower alcohol contents. Moreover, the compositions of the
15 invention are very stable, and propylene glycol has proven to be compatible with
standard neutralizers, e.g. tricthanolamine. The compositions according to the
invention may include several penetration enhancers.
According to the present inventidn, said pharmaceutical composition optionally
further comprises water. ’
20 In one embodiment, the present invention provides a pharmaceutical composition
comprising:
- 0.5 to 5.0 % (w/w) of testosterone,
- 40.0 to 75.0 % (w/w) of a least one C2-C6 alcohol,
- 0.1t0 5.0 % (w/w) of at least one gelling agent,
25 - 0.1105.0 % (w/w) of propylene glycol,
- optionally, water.
In another embodiment, the present invention provides a pharmaceutical composition
comprising:
- 0.75 to 1.25 % (w/w) of testosterone,
30 - 50.0 to 70.0 % (w/w) of a least one C2-C6 alcohol,
- 0.11t0 4.0 % (w/w) of at least one gelling agent,
- 0.2 t0 4.0 % (w/w) of propylene glycol,



WO 2006/ 027278 PCT/ EP2005/ 010293 9 - optionally, water. In another
enbodi nent, the present invention provides a pharnaceuti cal corrposi ti on
conprising: 0.8 to 1.2 % (ww of testosterone, 5 - 50.0 to 70. %@&

a | east on¥OERABcohol, - 0.1 to 3.0 % (ww of at | cBST/EBHOSHL293 ng
agent, - 0.3 to 3.0 %(vv/w) of propyl ene glycol, - optionally, water.
anot her enbodi nent, the present invention \[Iyovi des a pharnaceuti cal
conposition 10 conprising: 0.9 to 1.1 %( /w) of testosterone, - 50.0 to

70.0 % (ww) of a least ane, - 0.1to 2.5 %(ww of at |east
one gelling agent, - 0.4 to ggorﬁg}oy(mfﬂg' of propyl ene glycol, 15 -

optional ly, walfdnothet eniboidiraentpthb peisemtrinventior ppmedesnt phamaoeutmal q@mpositiea a
phar maceutical conposition conprising: about 1.0 % (ww) of testosterone,
50.0 to 70.0: %qmmgmbf a |l east one C2-C6 alcohol, 20 - 0.1t0 2.5 %(wWw)

of at |east one gelling agepig ¢ n]b%‘yélgmlgﬁ)%f%ﬁ &&Mn‘é’) of propylene glycol, -

optionally, water. In another presént invention provi des a

phar maceutigal conposition Sowmm%qw\?ﬁofalbaﬁohe(2~06%lo(oh6uv) of
testosterone, - 50.0 to 75.0 % ( g of a |l east one C2-C6 alcohol, - 0.1 to

5.0 % (ww of at |east one g1e10I3 02 eyjwdof atlesst one geling agent/ w) of propyl ene
Pnvent] on provi dee a pharmada @il CERRSEPrRIRRE SRl oi ng: 7o
- optionally, water.
In another embodiment, the present invention provides a pharmaceutical composition
10  comprising: |
- 0.91t0 1.1 % (w/w) of testosterone,
- 50.0to 70.0 % (w/w) of a least one C2-C6 alcohol,
- 0.1t02.5 % (w/w) of at least one gelling agent,
- 0.4t0 2.5 % (w/w) of propylene glycol,
15 - optionally, water.
In another embodiment, the present invention provides a pharmaceutical composition
comprising:
- about 1.0 % (w/w) of testosterone,
- 50.0 to 70.0 % (W/w) of a least one C2-C6 alcohol,
20 - 0.1t02.5% (w/w) of at least one gelling agent,
- 0.4 t0 2.5 % (w/w) of propylene glycdl,

optionally, water.
In another embodiment, the present invention provides a pharmaceutical composition
comprising:
25 - 1.0 t0 2.0 % (w/w) of testosterone,
- 50.0 to 75.0 % (w/w) of a least one C2-C6 alcohol,
- 0.1 t0 5.0 % (w/w) of at least one gelling agent,
- 0.1 to 5.0 % (w/w) of propylene glycol,
- optionally, water.
30 Inanother embodiment, the present invention provides a pharmaceutical composition
comprising:
- 1.25to 1.75 % (w/w) of testosterone,



1.25 to 1.75 % (ww) of testosterone, WO 2006/027278 PCT/ EP2005/010293 10 -
50.0 to 70.0 % (ww) of a |least one C2-C6 alcohol, - 0.1to0 4.0 % (wWw of
at | east one gelling agent, - 0.2 to 4.0 % (ww of propylene glycol, -
opti onal | ywowened27278 | n anot her enbodi nent, the present RCGIEERZYIIP2\Yi des a
pharmaceutical conposition conprising: 1.4 to 1.6 % (ww of testosterone,
- 50.0to 70.0 % (ww of a least one C2-Cg_alcohol, - 0.11to 3.0 % (wWw)
of at |east one gelling agent, 10 - 0.3 tol® o % (w w) of propylene glycol,

- optionally, water. In a_ndg&%rwgmg%%foﬁé&f%g@%@m?%%g&t’i on provides a

phar maceuti cal conposition “conprisin t est ost er one,
(15/\-/\/)50];0 Eol 70.:) % (vv/vvl).I pb_laolm?(wegoﬁlgﬁéag@g/a?hg\?\Eem{c). lto I2 5 %

W of at |east one gelling agent, - O. o 2. o (W of propyl ene
glycol, - optionally, wat efkgl tei. Qi Ypivewrat propylen glysakosi tion is suitable
for the controlled transder ma{.ﬁ d Iivery 20 of testosterone. Thus, said
Ehz;jrﬂaceu”cal ﬂ-‘(;orrposi E}}H(‘);n eBi° y;ig?tﬁ_-adm ni st;; ed by the pa;liqu

' erse a %F)Qﬁ‘é dirftéiit! the preéientilh¢éntioh PréVides doﬁhéﬁnﬁéé’%ﬂi omHtdsition
adm ni stratsf on. SO, et he adm ni stpr ation does%not require sur(f:]:ery or “

i nj ections. Advempasipgius!ly according to the invention, propylene glycol acts
as a very potent penetrati gn erlg pc&g éog testosterone, in particular in
conbi nation with the 25 test shev W Sk ipstosierPene gel | ing agent (s) of the
Phe i nvention fu ther compr i oos e e O ok oce 1o
phar maceut i c?l ly aC(r:]ept i’ib—l _eD.lanod.(D%(w/ﬁDgfaﬁ_b%st onegeilin_g,dgéﬁtﬁmdt he gr oup
consi sting of triethanol am odi u roxi de, a ium r oxi de,

pot assi umg’fQ/dr oxi de, argimi ﬁg t°§néjlr’{b&}é(f‘é39fﬂmgﬁﬁlg%{:t rorret%am’ ne, 30 and
m xtures thereof. \Were t_heoBﬁblpjny,s%gnpharnaceuti cal corrposi tion is not

In another embodiment, the present invention provides a pharmaceutical composition
comprising: |
' - about 1.5 % (w/w) of testosterone,
15 - 50.0to 70.0 % (w/w) of a least one C2-C6 alcohol,
- 0.11t02.5 % (w/w) of at least one gelling agent,
- 0.4 10 2.5 % (w/w) of propylene glycol,
- optionally, water.
Said pharmaceutiéal composition is suitable for the controlled transdermal delivery
20  of testosterone. Thus, said pharmaceutical composition can be auto-administered by
the patient him/herself, and does not require the presence of a physician during
administration. Also, the administration does ﬂot require surgery or injections.
Advantageously according to the invention, propylene glycol acts as a very potent
penetration enhancer for testosterone, in particular in combination with the
25 testosterone dosage and the gelling agent(s) of the present composition.
In another aspect, the pharmaceutical composition of the invention further comprises
a base. Advantageously, said base is pharmaceutically acceptable, and is preferably
selected from the group consisting of triethanolamine, sodium hydroxide, ammonium
hydroxide, potassium hydroxide, arginine, aminomethylpropanol or tromethamine,
30 and mixtures thereof. Where the pH of said pharmaceutical composition is not
optimized for transdermal administration, e.g. where said gelling agent comprises at

least one acrylic acid-based polymer, said base contributes to the neutralization of



optim zed for transdermal adm nistration, e.g. where said gelling agent
conprises at |east one acrylic acid-based polyner, said base contributes to
the neutralization of WD 2006/ 027278 PCT/ EP2005/ 010293 11 said

phar maceut Wéh1006/6273%si t i on, for topical application onto RGFEP2616i040293
Furthernore, said base (neutralizer) allows optinmum swelling of the polyner
chains during the neutralization of the charges and the formation of

pol ymer salts. Especially when said gelli g agent conprises an acrylic

id-b d I ; j . b i R I
ot 8- basec pol 4o oG R SRS i, OB’ S, SIS BT .
conmposi ti on acEgritmerd, Gaidtase (ivetintalizet) allows sptithluackwebling 6f thepolyndtruhaingow

to choose a suitable anmount .of said base in the conposi t| on, especially

with respect tduringe thetneutralization; af dBe | chargeagans tmé‘g@mtxqmafemiymamakthe

| cohol d final.
" the. 10 conpheerial wEST S8 A abfhy Folrisbiont 885 He B Preep edr Sap T
al cohol conj enpgge RORrAb oA Srides GiBhiTimine AN disoralbaSdnasptimia Rcodify 3HRUNE S

chosen as to reach the ‘“desired final pHin the conposition. Alternatively,
in one enbodi nahigvedhin thpphammeunqabmmp@sms acdording de thedinvention. {The skilled

i nvention conprises 0.1 .to 5 0 ferabl %

nore prefer agF ?r@QWPBPaM‘%'?WfW eéﬁuﬁ%" roéfs@%i@ﬁ/"bﬂliﬁ 0&3 tvl\%“’%
w w), even no t 4 to
05" (o v, " orSpeffafy SBERAptecio] dhe haflrduf o) %elf‘"’ﬁﬂ eof présch Siefim ] et |
to 1.0 %(vv/vv)aloéhdlrcomdeflthmmmpoE’mehenabtdpr to henchl—ﬂlefdeshed[ﬁmakpﬁcwﬂlecal

conposition accordin t he i nvention w || en and referabl
ot noon. 5 o Gompnsdarh o ramBle it b bomass andar § thes s AJagh aihbdl nirsh, 7
aspect of the bﬁé’@d}\tﬁ&g{/ rﬁéthﬂnﬁié%%?%b}l?ﬁéaﬁﬁwﬁﬁ&ﬁbﬂﬁséw&ﬁ%t&ﬁﬁa{ﬂﬁes

i sopropyl nyristate ant ageously according to the iInvention,
unexpect edl y sdesivedt Fiaal pitliini the @bmpsuppmpﬁltematlvslyatm Ioaadsmbodmnnketliey

[ UFLher penet r BRFBACORn FomPOSIBRRI SPOTE < 41, iNARHR Soantisly Qb 689 %on
conprises 0. 05@&3 g&feo/fhgf?' M% 4,519 QwhAkE kdre ra/fe bly D2 &@o%r., @W}  eVER! €

preferably 0.1 even nore preferab 0.25 t 9% (W'W) ,
even nore H ef moabpref@ably @25 ®. D5 % (Wiw)\eyencmere prefesably Gﬂetna’iﬁ% /2«5 ¢venl. 5

a1 IR S REGISTER Y % 2Tl Sl Mot TS RESTRTHLY 005 0
present i nvent hRerib19\0.51851.0 99 (W WRsTaMéthaflamine.
Preferably, the pH of the pharmaceutical composition according to the invention will
be between 2 and 9, preferably between 3 and 8 and even more preferably between 3
20 and 7. In another aspect of the invention, said pharmaceutical composition further
comprises isopropyl myristate. Advantageously according to the invention, it was
unexpectedly shown that addition of isopropyl myristate leads to markedly improved
results when used in conjunction with propylene glycol as a further penetration
enhancer. Preferably, said pharmaceutical composition comprises 0.05 to 5.0 %
25  (w/w), more preferably 0.1 to 4.0 % (w/w), more preferably 0.15 to 3.0 % (w/w),
even more preferably 0.25 to 2.5 % (w/w), even more preferably 0.25 to 2.0 %
(w/w), even more preferably 0.25 to 1.5 % (w/w), still more preferably 0.25 to 1.0 %
(w/w), most preferably 0.5 to 0.75 % (w/w) of isopropyl myristate.
Accordingly, in one embodiment, the present invention provides a pharmaceutical
30 composition comprising:
- 0.5 to 5.0 % (w/w) of testosterone,
- 40.0to 75.0 % (w/w) of a least one C2-C6 alcohol,



30 conposition conprising: - 0.5to0 5.0 %(ww of testosterone, - 40.0 to
75.0 % (ww) of a |least one C2-C6 al cohol, WO 2006/027278 PCT/ EP2005/ 010293
12 - 0.1 to 5.0 % (ww of at |east one gelling agent, - 0.1 to 5.0% (W w)
of propyl N 289623178 - 0.1 to 4.0 % (W w of isopropyl mAEGEER085/010293
optionally, water. 5 In another enbodi nent, the present invention provides a
phar maceuti cal conposition conprising: 0.75 to 1.25 % (ww) of

testosterone, - 50.0 to 70.0 % (w w) of a 12ast one - C6 alcohol, - 0.1 1to

4.0 % (ww of at |east o_neogqélsigl% qat}&sfo&péﬁm%dgegt,%(ww) ‘of

propyl ene glycol, - 0.15 to I SO

optionally, water. |In anathgn teml(m)osprbpylﬁi@@?ﬂél i nvention provides a
phar maceuti cal conposition O(ionprlqzl(ag o 8 to @2 % (w w) of
testosterone, - 50.0 to 70.0.1% W) el IseRIepylamsfe,C6 al cohol, - 0.1 to
3.0 % (ww of at |east one e%:;?q; ent, - 0.3 to 3.0 % (wWw of propyl ene
glycol, - 0.35to 1.5 % (W ’S%Opyl nyristate, 20 - optionally,

wat er. |1 n anotjem gidp eHibdBitient, the p&%ﬁﬁ‘i‘chnﬁ&YﬁvaidE@ alphamhabR8tical composition
pharmaceutical conposition conprising: 0.9 to 1.1 % (ww of testosterone,

- 50.0 to 70. Ocomgrwsing: of a | east one CZ C6 alcohol, 25 - 0.11t0 2.5 %
(1o of 2t Teast “one gel || BOs3RT Mg yiipheafudore 1t o of PropYLene
- 50.0 to 70.0 % (w/w) of a least one C2-C6 alcohol,
- 0.11t04.0% (w/w) of at least one gelling agent,
10 _ - 0.2 t0 4.0 % (w/w) of propylene glycol,
- 0.15t0 2.0 % (w/w) of isopropyl myristate,
- optionally, water.
In another embodiment, the present invention provides a pharmaceutical couiposition
comprising:
15 - 0.8 to 1.2 % (w/w) of testosterone,
- 50.0 to 70.0 % (w/w) of a least one C2-C6 alcohol,
- 0.1 to 3.0 % (w/w) of at least one gelling agent,
- 0.3103.0% (w/w) of propylene glycol,
- 0.35to 1.5 % (w/w) of isopropyl myristate,
20 - optionally, water.
In another embodiment, the present invention prbvides a pharmaceutical composition
comprising: |
- 0.9to 1.1 % (w/w) of testosterone,
- 50.0to 70.0 % (w/w) of a least one C2-C6 alcohol,
25 - 0.1 to 2.5 % (w/w) of at least one gelling agent,
- 0.4 to 2.5 % (w/w) of propylene glycol,
- 0.4 to 1.0 % (w/w) of isopropyl myristate,
- optionally, water. _
In another embodiment, the present invention provides a pharmaceutical composition
30 comprising:
- about 1.0 % (w/w) of testosterone,
- 50.0 to 70.0 % (w/w) of a least one C2-C6 alcohol,



I n anot her enbodi nent, the present invention provides a pharnaceuti cal
conposition 30 conprising: about 1.0 % (ww of testosterone, 50.0 to 70.0
% (ww of a least one C2-C6 al cohol, WD 2006/ 027278 PCT/ EP2005/ 010293 13 -
0.1 to 2. 5™ 7006/02728 at | east one gelling agent, - 0.4 PET/EPHONI02P3) of
propyl ene glycol, - about 0.5 % (ww of isopropyl nyristate, - optionally,
water. 5 In another enbodi nent, the present invention provides a

phar maceuti cal conposition conprising: 1.8to 2.0 % (ww) of testosterone,

- 50.0 to 75.0 % (wWw of alea N - al cohol ... - 0.1 t0 5.0 % (wWw

of at least one gelling ageflt}© %5%6"/%?&%"@%9“? gsline agent; opyl ene gl ycol ,

- 0.1to 4.0 %(ww of 'SOQrWSW@/@zﬁfﬁrOp EBE gily water. |n another
Vi

enbodi ment, the present invention eutlcal conposition
conprising: 15 - 1.25 to . i&%mwmlwbofmepmpybnynﬂate- 50.0 to 70.0 %
(ww) of a least one C2-C6 al cohol - 0.1to 4.0 %(wWw of at |east one
gelling agent, - 0.2 to 4 00%1?%? Wéﬁe’propyl ene gl ycol - 0.15t0 2.0 %

(Ww of isp Lg'%?o e;]étn%o?ﬁrﬁer%tr e presgr?ttl %?ﬁilohmr desd phd ca chFJomposmon

enbodi nment , nven provi des a nposIttion
conpri si ng: 1 éothanQ % (W w) of testosterone 50.0 to 70. 0 %(vv/w) of a
| east one C2-C6 alcohol, 25 - 0.1 to 3.0 %(ww of at |east one gelling
agent, 0.3 to 3.0 % (ww) df0 QY evw)gef testosteranegs to 1.5 % (w w) of

I sopropyl nyristate, - 50.0to 75.0 % (w/w) of a least one C2-C6 alcohol,
- 0.1to 5.0 % (w/w) of at least one gelling agent,
10 - 0.1 to 5.0 % (w/w) of propylene glycol,
- 0.1 to 4.0 % (w/w) of isopropyl myristate,
- optionally, water.
In another embodiment, the present invention provides a pharmaceutical composition
comprising:
15 - 1.25t0 1.75 % (w/w) of testosterone,
- 50.0to 70.0 % (w/w) of a least one C2-C6 alcohol,
- 0.1 to 4.0 % (w/w) of at least one gelling agent,
- 0.2 to 4.0 % (w/w) of propylene glycol,
- 0.15 t0 2.0 % (w/w) of isopropyl myristate,
20 - optionally, water. |
In another embodiment, the present invention provides a pharmaceutical composition
comprising: '
- 1.4 to 1.6 % (W/w) of testosterone,
- 50.0to 70.0 % (w/w) of a least one C2-C6 alcohol,
25 - 0.1 to 3.0 % (w/w) of at least one gelling agent,
- 0.3 to 3.0 % (w/w) of propylene glycol,
- 0.35 to 1.5 % (w/w) of isopropyl myristate,
- optionally, water.
In another embodiment, the present invention provides a pharmaceutical composition
30 comprising:
- about 1.5 % (w/w) of testosterone,
- 50.0t0 70.0 % (w/w) of a least one C2-C6 alcohol,



optionally, water. In another enbodi nent, the present invention provides a
phar maceuti cal conposition 30 conprising: about 1.5 % (ww) of
testosterone, 50.0 to 70.0 % (ww of a |least one C2-C6 al cohol, WD

2006/ 027278 O0ROTG/EP2T805/ 010293 14 - 0.1 to 2.5 % (w w) of PET/EP204§/01039%

gelling agent, - 0.4 to 2.5 % (ww of propylene glycol, - 0.4 to 1.0 %
(ww) of isopropyl nyristate, - optionall ﬁ% water. 5 Additionally, said
pharmaceutical conposition nay conprise ustial pharmaceutical additives,

i ncl udi | t : 1 I
:‘nglrjalncr:]g(:;j1 (Z)nd/ groprg;e)gf)(ﬁét(s?a(wé& éﬂt&artrr%ce%étlmcéégég%’?mg:?tl on may

al so include at | east one 0|4rtblze3%a(w rgfpfagyleﬁ&g]yt;o] e. g. anot her hornone.
The invention also provides a useful for transdermal or transcutaneous

delivery 10 conprising sai ﬂ%ﬂdr%@dﬂ obisopropylamymistate, according to the

i nvention. Thus, the |nvent|on s also directed to a :

t est ost er one- cont ai ni ng hydPB a@éﬂhwfnf”& gel . Accordl ng to anot her

embodi ment g t hﬁd@i'il%ﬁ?ﬁt saft/ ?ﬁ'a{rhﬁ@etﬁfc?lvé&ﬁﬁ)sﬁldﬁ% e usilip haﬂﬁ&%uﬁ’@dlket
or multiplé€ dose packet’ contal ning said arnace |ca conp 05|t|on or said
hydr oal cohol i cadgitivesAthchrding salt(s), y:mod;lmnt(s); ctabilizer(s), ragtimicreblak(s)o fmgrance(s),i cal

of packagi ng WP BPPEIIhCo %Eaameaaic'eﬁécaimp edifon sy alsp I 5 Geot Bk
oty At L Ol A iRErcRuE A BEUMETRAGGHEN!  Lher @ 1S br ovi de

di spenser, ve contai ni ng said pharnmaceuti cal
conposi tion OFTB(ﬁllﬂ/ehﬁdm aBbqnbmldes:a gel usefififoh translermaleorstraristutandons delivery
flexibility in the_ adm njstered dosage, as.a functjon of the 20 un\&_l of
conposi t i off t ocomePTsRg iSald, Phesmaseptis “qaimRosition AsGeRdi to theinyenpion, dihys,

di spensers can; nlasn ?&Pﬂmq&@whxoat?&&ur&% &?num J-mataaus%eior the use

t hereof. The p armaceut1 cal conpositions ets an tai ners of
the invention Aceordingabunother embeditment theemtmt mvemoxdptfovv(deslacdpse pavket, unitt i ng

and/ or preventing test ost eron 25 defi CI en t condi.ti.ons angd/ or
di sorders. Thedeserpacket; @rzpul tli’ie dpseqpac “&%‘a ﬁ%???“?@?léo@mém&ﬁf‘

treatment of asmmdamhollc gel. Advantageously, such conditioning of said pharmaceutical
15 composition renders application easier for a patient. Thus, these forms of packaging
can reflect the schedule of application, e.g. daily or weekly administration.
According to another embodiment, there is provide a dispenser, e.g. with hand pump
or valve, containing said pharmaceutical composition or said hydroalcoholic gel.
Such dispensers allow foi' flexibility in the administered dosage, as a function of the
20 amount of composition to be applied.
According to one embodiment, said packets or dispensers can be accompanied by a
notice giving instructions for the use thereof.
The pharmaceutical compositions, gels, packets and containers of the invention are
useful for treating testosterone deficiency, and treating and/or preventing testosterone
25 deficiency-related conditions and/or disorders.
The term ‘treat’ or ‘treatment’ as used herein refers to any treatment of a mammalian
condition, disorder, or disease associated with a depressive disorder, and includes,
but is not limited to, preventing the condition, disorder, or disease from occurring in
a subject which may be predisposed to the condition, disorder, or disease, but has not
30 yet been diagnosed as having the condition, disorder, or disease; inhibiting the
condition, disorder, or disease, for example, arresting the development of the

condition, disorder, or disease; relieving the condition, disorder, or disease, for



condition, disorder, or disease associated with a depressive disorder, and
includes, but is not limted to, preventing the condition, disorder, or

di sease fromoccurring in a subject which nay be predi sposed to the

condi ti on, W 20¢4d278 or di sease, but has not 30 yet been BEHERWIFE103R3 havi ng
the condition, disorder, or disease; inhi-biting the condition, disorder, or
di sease, for exanple, arresting the devel nt of the condition, disorder,
or disease; relieving the condition, disorder, or disease, for WO
20061027278 PlekhipBid Ui ebfession GPaERoRditioRL disblef, Wt Ei5easelor0kelibliy the
condi tion, disorder, or sease; or relieving the condition caused Dy the
di sease or di xondition chosedebyathp|disease ampdisorget, Her examilestomyding theesytipteras ef or

di sorder. The term'prevent! or 'prevention', in relation to a condition,

di sorder, or dhedisease ordispidehs no condition, disorder, or disease

devel opment i fqno h e 0; {:4:] - dhsor r
di sease devel o%{%ﬁni ?pﬁvﬁgf;grhggwgﬁoeﬂ;,d? %Z%&r?ﬂ e%:/g oﬁfr‘r%t?f{]d‘?) h?‘ﬁé’g?gsﬁéﬁi on,
di sorder, g§r dhemesp coliticedidoeder] or disesetdevelopment ifefidme esdcyccuneld cosné o

| oner serum |l evels of free testostergne in a subject as conpared to the
medi an ser um |forthers conditipria disprdes,u by cdisease gleyelopments Afrtherg chad-@giready heem

normal cyclin nen oduce a ox4. mat el 00 of testosterone per day.
Their total SMOP%B{)Q%Fg%&%ﬁé'?lé*ssm%eéh%rr(gﬁaflgrange from about 20 ng/dL
to about 80 ng4gllysad eferéth StestoStetond OdeTiticey’ Irofefe 2b tIbwey QdéAin 160¢TS Nof Freé
exanpl e, nean free testosterone levels are generally about 3.6 pg/niL

However . severtestosteronois arsubjectds apmparedotor the median seum flevels forhealthysubiest

serum | evel s. For exampl e, in.,reqularly.ovulatin men, therge. i smal |
bt o1 gni 100 arfE the SmE 86 Eoh exifrtvnd] B R et A ron Y odudc
third of the rgingitosidtone)er day. THUPYREL sefdANeitBRERdRE Qé\@l‘ﬁﬁéﬁé‘l‘ﬂlysr ge Fromo! / L
or 33 ng/dL) and nean free testosterone levels (12.8 pno/L or 3.6 pg/nL)

during the | utabent 28dng/dL|tocaboyt 89heg/dk avgragingoabaut#) hegithntinyheglthy gioung .
Addi tional ly, testosterone productd on declin 2 ant I NUQUS| ter age 30
S0 that  ser um VEBEBelcE SABel, HAHS et \eEHetoRE Jevils, &G hsnRtenly ety s S BBl
the levels in Ho%%?se%@rﬂ%hr@hﬁy%ﬂﬁéhc_ e Bbthwotil And fee RRIGEMSRIRruMlevelse
t est ost erone gener al does not vary with age, an absolute decline in free

t est ost er dfe Héor dxamplesin eegudarly qnilatingewbmen, therssis asmadicbutrsigrificant lincrease
menopause but. i nstead, occurs gradual,ly and contd nuousl| s a result of the
age-rel ated delr Bfgg@azgs‘coﬁ{“ébo&ehfe[vﬂé g'(#%gﬁe dﬂ'gid!)e\/gl?’fcgr#a rH&&ﬁf‘bﬂlo% $ion.
Thus, women begbWevVe?, mean testosterone levels (1.2 nmol/L or 33 ng/dL) and mean free
testosterone levels (12.8 pmo/L or 3.6 pg/mL) during the luteal and follicular phases

are not significantly different. Additionally, testosterone production declines
20  continuously after age 30 so that serum testosterone levels in a 60-year-old woman
are only 50% of the levels in a young 30-year-old woman. Although the percentage
of free testosterone generally does not vary with age, an absolute decline in free
testosterone has been observed. This decline does not occur abruptly at menopause
but instead occurs gradually and continuously as a result of the age-related decrease
25 in both the adrenal and ovarian androgen production. Thus, women begin to
experience symptoms associated with menopause in the immediate pre-menopausal
years. The decline in testosterone following menopause results from the combination
of ovarian failure, decreasing renal secretion, and peripheral conversion. Also, for
example, after ovariectomy, testosterone concentrations decrease by about 50%.
30 Diagnosis of a testosterone deficiency is known to the average physician practicing

in the relevant field of medicine.
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testosterone deficiency is known to the average physician practicing in the
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phar maceut i cal__conpositi gns and ggl s of the present i,nvention a[e alérgo

useful to trdde PRappisuticalco enbd-gals afthe presentinyention arp alsqhse

oy dith . Yo i ! ‘
woman For - exditr 8 ARG 8 Bliyibioficl 3h sGORNGRICH phthfbks haBy Whatbnd
invention are agsRfard Wath: tebtostetoner dufiRicngy lih i franaotda iwgmianyi For exumple, the

performance and/or treating sexual dysfunction; normalizing hypogonadism -
i ncreasi ng borpharmaseptical gemppsifjonsandgeisaidhe pagsent inventipn aresehd forzan body

mass and decreasi ng_f.at_.body. . i . nce;
10" mormap zi ng" ol 00BN BYECAR) Pl ARndl B EmEes nlt wRGS SERRF 2

| owering the insulidysfddtion; HoRnaliziAg hpporeRidismsubj ects; treating, preventing
or reducing the onset of cataracts; - treating, preventing or reducing the
onset of cardi ovasdotreasing beaemmtrnbﬂmtugandns?mf markeys,hippreasing deasn bodyhd
treating obesity; nornali i-rég chaol esiazrﬁlp 15 | evel s; vaor nal iféi ng} abnordral

el ect rocar di ogr ans B#Ss 3Bl e SFETEASINE ; fal PPy, Mass, o JURIQVIRE oMusely, Masy, an
vasonot or synpt orrs;perfop,h%pti ng human i mmunodefi ci ency virus wasting

syndrome; - preventing osteoporosis, osteopenia, vaginal dryness, and
t hi nning dD the -vanyprmalizing| glucess! ilevelsy gimprovipg udiabetiny rptinopathyh @shwell as

flashes; treating ,20 prepenstrual syndrome. .-.treating, preventing.or
reduci ng the onset IBYVC'E;’%ﬂEi‘ ‘flms"eﬂ\‘%@ﬁg’g‘? of digheh sﬂnqc%, FF%P‘&‘%R»R@"V(?@B‘FH P% on,
i mproving nood and @@ldinehe¥nsRt ofcqakdcty and/or preventive depressive

di sorders; treating, preventing or reducing cognitive dysfunction; 25 -
treating autoi mmndreatipgepreventing or reducing the onset of cardiovascular disease, including

normalizing hypertension, and treating obesity; normalizing cholesterol
15 levels; normalizing abnormal electrocardiograms of subjects and treating,
preventing or reducing vasomotor symptoms;

- preventing human immunodeficiency virus wasting syndrome;

- preventing osteoporosis, osfeopenia, vaginal dryness, and thinning of the
vaginal wall; relieving menopausal symptoms and hot flashes; treating

20 premenstrual syndrome;

- treating, preventing or reducing the onset of Alzheimer's disease, dementia;

- improving cognition, improving mood and self-esteem, treating and/or
preventive depressive disorders; treating, preventing or reducing cognitive
dysfunction;

25 - treating autoimmune diseases.
The present pharmaceutical compositions and gels can also be used in "combination
therapy" with another hormone or steroid, or a pharmaceutical agent that increases
testosterone levels in a subject, or an estrogenic hormone, or another pharmaceutical
agent such as, for example, an antidepressant agent.

30 The invention also relates to a process for preparing a pharmaceutical composition,

e.g. in the form of a gel or a solution, according to the invention.
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agent that increases testosterone levels in a subject, or an estrogenic
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ant i depressant agent. 30 The invention also relates to a process for
preparing a pharnmaceutical conposition, e,g. in the formof a get or a
solution, according to the invention. WO 2@)'86/ 027278 PCT/ EP2005/ 010293 17
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I n anot her aspect, said process conprises the step of adding water, with

stirring, to ¢nhaheer(exgt propylehe glycek andiaeisepropyl pyrstateht i on of a gel is
desired, at |east ogne gelling,agent, such a rb (r), . .is then added to
Che 1 xt ure, vl AncLRsr A9PrRp S, PrsAES Fmipep TR A Aaging atdss iihcalining, 16

tri et hanol esm n&einfix&ﬂ'g%g tfgt he m xture, with stirring. 10 In another
aspect, the invention re?at es to a process for preparing a pharnaceuti cal

conposi ti on orWhegeltheqrepatition ob at pel isndesitedprat leastmuniesgeiling hagent; apch @f: -
preparing a m xture containing at | east one C2-C6 al cohol, at |east one
penetration enﬂ@lﬁ@BPIQ:és.‘g‘.eﬂﬂﬂg‘fﬁ/\o @ MAXYIESH W1 R% isopropyl nmyristate)
and test ost er oRe;. - | 2 [ ﬁqg{h Q1 i b Bg

addi ng a gell i§§h%léa§1r¥t’ a?%ts%@i&g{drlnﬁgﬁﬂgg Tl‘g’an %ﬁ?(l?%g% ‘g{ﬁg%t? fooFlhaeIO@y a ’SM% a
base, and m xidifjringai n. 1 n another aspect, the invention also relates to the

use of the gel or the solution accordjng to the invention for the. |
prepar at i ol of Inaanpthercasest, hegaventiongelatestqaprogess fop preparing aphagnageytical he

treatnent of a_physi. ' j ti j at , .
androgen/testo% eel%gﬁg&ggl:‘f |lgggd}ginprﬁgg}]%?ﬁ%ﬁogs‘g@%%gﬁ5}685gﬂ't i nvention
relates to a method of tr.eaprépating h mivtee cotitiningaanleastomeC2¥C6hiudhol) apkastes

the step of administering testosterqgne, to a subject in need thereof. 25
According to one aspect, t henpnmmewnwcerc&gwsmlw glycal nandder isepropyle
present myristate) and testosterone;
15 - optionally adding water, and mixing,
- optionally adding a gelling agent to this mixture, ahd mixing;
- optionally addirg a base, and mixing again. |
In another aspect, the invention also relates to the use of the gel or the solution
according to the invention for the preparation of a medicinal product for transdermal
20 application for the treatment of a physiological condition associated with an
androgen/testosterone deficiency.
In another aspect, the present invention relates to a method of treatment.
In one embodiment, said method comprises the step of administering testosterone, to
a subject in need thereof.
25  According to one aspect, the pharmaceutical composition or the gel of the present
invention is applied on healthy skin, e.g. to the shoulder, or to the external part of the
arm, thigh or leg. ,
In order to measure and determine the amount of testosterone to be delivered to a
subject in need thereof, serum testosterone concentrations can be measured using

30 standard assay techniques.



invention is applied on healthy skin, e.g. to the shoulder, or to the
external part of the arm thigh or leg. In order to neasure and determ ne
t he amount of testosterone to be delivered to a subject in need thereof,
serum t est WO WPp@WI2Woncent r ati ons can be neasured using BOTEPAWSAIWRI%hssay
techni ques. WD 2006/ 027278 PCT/ EP2005/ 010293 18 Therefrom the skilled
person woul d know how to determ ne the am)tigt of conposition to be

adm ni st ered, dependi ng upon the exact testOsterone dosage of said

phar maceut i cal TROERAH,  {t@Nskiled IR would kot BonI | derélfiife Ghe difount of
phar maceuti cal conposition 1n the formof a 5 gel or a so U?IOI’I accord(l)ng
to the inventi gsmpesition wede ddnfinistared] dependifig uipen the exact atstosierone ddsage dine
advant ages of the invention will becone apparent fromthe follow ng

exanpl es, whi 8aid pharmaceuticab goBRPEUORer e | | | ustrations, and are non

imitative. 10, Thendl WednBPAAR" el e ROBRERIBLE G mbOSRE B2 RR phAYEY ] O
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citations nmentggngg ahepletion aicCordiigey the inventiomtie chebwesneRey gnamd isngt detle
entirety. Qher enbodinents of the present invention are not presented
here, which ar formdatismpesdayto t hose skilled in the art, and thus are within
the scope and the spirit of the present invention. The practice of the
present invention will enploy, unless otherw se indicated, conventional

techni ques of RpRaLARGRASE YOI IRERISTERALbécome ap\&@eﬁhﬁ@hethéﬁﬂ)l'&winh féﬂaxﬁPﬂeE,‘ of
the art. 20 * * * Exanples Exanple 1 25 Studi eS on transcutaneous delivery

of testost er onavhigh aré given teldw as mees illustratipps| apd tare mon bmitatave.and human skin
usi ng radio-1ahel | 14C) testosterone and,liquid .scintillation titration.
Thees stuctls g i acon, Sl anpReeti, 4l the reset inventin oad. hiporalel 8. 54
and flux). TwopgsBErsSthepreferrdty RahiréPdedthibed aBoVeE cal - chemi stry studies

o | :

(testosterone solubility and gel viscosity) 30 - Transcutaneous delivery

(influence of testosterone concentration, nature of gelling agent, presence

of penetration ATQ&%%%Q ?r?entioned herein are hereby incorporated by reference in their entirety.
Other embodiments of the present invention are not presented here, which are

15 obvious to those skilled in the art, and thus are within the scope and the spirit of the
present invention. The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of pharmacology and pharmaceutics,

which are within the skill of the art.

20 * * *
Examples

Example 1

25 Studies on transcutaneous delivery of testosterone gel formulations were carried out
on animal and human skin using radio-labelled (**C) testosterone and liquid
scintillation titration. These studies give access to kinetics parameters (released
amount after 24h and flux). Two aspects were investigated:

- Physical-chemistry studies (testosterone solubility and gel viscosity)
30 - Transcutaneous delivery (influence of testosterone concentration, nature of

gelling agent, presence of penetration enhancers)



WO 2006/ 027278 PCT/ EP2005/ 010293 19 WMaterial and nmethods 5 1. Materi al
Chem cals Testosterone (Fluka) 14C testosterone (Anmersham Gelling agents
10 Carbopol (r) 934P (Carb. 934P) (Polyplastic) Carbopol (r) 980. (Carb. 980)
(Lot 4419,woOabewerr2yBres Resins | scovesco) Klucel (r) NeutRGI/ER2005/010293

Tri et hanol am ne (|l ot 4343, Laboratoires Besins |scovesco) 15 Penetration
enhancers Transcutanol (Gattefossd) deic acid (OA) (Prolabo) Propylene
glycol (PG (Gattefossd) Propyl ene glycol e pel argonate (PGDP) (Gattefossd)
20 Ani mal skin nodel Mal e naked rat, 5 weeks Human skin nodel Biopsies from
abdom nal plastics, white female, 35 years old 25 2. Preparation of

radi o-l abel ed testosterone gels The gelling agent (polyner) is swelled
overnight in the required anount of water. Labeled and non-| abel ed

t est ost er one i Mathrisl@ndadethodet hanol , possibly with penetrati on enhancer.
The aqueous and al coholic phases are m xed, then neutralized wth
triethanolamne. Mxing is carried out with a spatula until perfect

honogenei t 30l :ﬁ {e@@?hed' Sevent een formul ati ons were eval uated for

t ranscut an8ous "def1v y. The conposition thereof is given in the table

bel ow (i n % wiClasiedlson total weight of fonulation).. Fornulations 13 and 14

correspond to non-gelled solutions. WD 2006/ 027278 PCT/ EP2005/ 010293 20
Table 1 Testosterone (Fluka) | :

14C testosterone (Amersham)
Gelling agents
10  Carbopol® 934P (Carb. 934P) (Polyplastic)
Carbopol® 980 (Carb. 980) (Lot 4419, Laboratoires Besins Iscovesco)
Klucel®
Neutralizer
Triethanolamine (lot 4343, Laboratoires Besins Iscovesco)
15  Penetration enhancers
Transcutanol (Gattefossé)
Oleic acid (OA) (Prolabo)
Propylene glycol (PG) (Gattefossé)
Propylene glycol dipelargonate (PGDP) (Gattefossé)
20  Animal skin model
Male naked rat, 5 weeks
Human skin model
Biopsies from abdominal plastics, white female, 35 years old

25 2. Preparation of radio-labeled testosterone gels
The gelling ageni (polymer) is swelled overnight in the required amount of water.
Labeled and non-labeled testosterone is dissolved in ethanol, possibly with
penetration enhancer. The aqueous and alcoholic phases are mixed, then neutralized
with triethanolamine. Mixing is carried out with a spatula until perfect homogeneity
30 is reached. Seventeen formulations were evaluated for transcutaneous delivery. The
composition thereof is given in the table below (in % wt based on total weight of

fomulation). Formulations 13 and 14 correspond to non-gelled solutions.



Ni Testo- Gelling agent 95% Tri- PG OA isopropyl sterone EtCH ethanol -
nyristate amne 11 1 1% Carb. 934 P58 1.35 0 00 12 0.5 1% Carb. 934 P 58
1.35 000 13 0.50580000 14 0.750580000 15 2.5 1% Carb. 934 P
58 1.35 0 WOR00&®R72185 1% Carb. 934 P 58 1.35 5 0 0 17 2. BCPEPMOHOHR29B8 1. 35
000 18 2.5 2% Klucel 58 1.35 50 0 19 2.5 1% Carb. 934 P58 1.35 0 0 5
20 2.5 0.5% Carb. 980 58 1.35 0 0 0 21 15) 5% Carb. 980 58 0.6 0 0 0 221
0.5% Carb. 980 58 0.6 2 0 0 23 1 1% Carb. bgo 58 1.35 2 0 0 24 1 1% Carb.
934 P 58 1.35 'ga}xfl)e 25 1 1% Carb. 934 P58 1.35 2 2 0 26 1 0.5% Carb. 980
58 0.5100 1 0.5%Carb. 980 58 0.5 1 0 0.5 (Carb. = Carbopol (r) )
5 3. Dernal edldsd Ki neGelting pgaitocol 95%1| DeTriml pepGeatd®An csbﬂ;roﬁyla ic

flux cells c rrpr Sieféhet WO unequal conpaf tg1OH $ eddholsEd (Figure if\ateupper
cylindrical (|sec |on 2| 54 cnR) donor conpart Te@fqiﬁea | ows the P'ncatl on

S Pt D P52 T 0 W A B A

pper 10 co e geRe o ot pwer TR oRpar LRpRL +h Aet al
ring. A lower }%‘PIQLﬁnn m%@'}f 4\‘& ( re;sx vl yhdd| )0 S Qan unn@q
opening of 2| B c®.5as|well. AOlateral |sH®nt |5, @qui ppdd with & neddl e and
catheter systiem| @l7%ws sanplifg. Honogerfizaii on0of {h® mpdiumiis this

I ower conpartirgf 135 achl oA Car® 934 B ogrsgi 1 ¢ sgfpsref @ (Sge Figure 1.) 15

3.2 Biol ogi cafgTEM3 gNe ™ oz Carb, 934 P 58 135 | 5 | 0 0
17 2.5 2% Klucel 58 1.35 0 0 0
18 2.5 2% Klucel 58 1.35 51 0 0
19 2.5 1% Carb. 934 P 58 1.35 0 0 5
20 2.5 0.5% Carb. 980 58 1.35 0 0 0
21 1 0.5% Carb. 980 58 0.6 0 0 0
22 1 0.5% Carb. 980 58 0.6 2 0 0
23 1 1% Carb. 980 58 1.35 2 0 0
24 1 1% Carb. 934 P 58 1.35 2 0 0
25 1 1% Carb. 934 P 58 1.35 2 2 0
26 1 0.5% Carb. 980 S8 0.5 1 0 0
27 1 0.5% Carb. 980 58 0.5 1 0 0.5

(Carb. = Carbopol® )

5 3. Dermal permeation kinetics protocol
3.1 Dermal permeation cell
Static flux cells comprising two unequal compartments are used (Figure 1).
An upper cylindrical (section: 2.54 cm?) donor compartment 1 allows the application
of a formulation (either solution or topical form) onto the skin 2. This upper
10 compartment 1 is assembled to the lower compartment 4 with a metal ring.
A lower receiving compartment 4 (mean volume 10mL) has an upper opening of
2.54 cm? as well. A lateral shunt S, equipped with a needle and catheter system,
allows sampling.. Homogenization of the medium is this lower compartment is
achieved with a magnetic stirrer 3. (See Figure 1.)
15
3.2 Biological membrane
Animal skin
Skin biopsies of male naked rat skin (IOPS rats, 5 weeks) are sampled at the ventral

level. Fat tissues located to the inner face are removed, and the skin is cut in order to



Ani mal skin Skin biopsies of male naked rat skin (LOPS rats, 5 weeks) are
sanpled at the ventral level. Fat tissues |ocated to the inner face are
renmoved, and the skin is cut in order to WO 2006/ 027278 PCT/ EP2005/ 010293
21 obtai n YAhOERRI& h an area greater than 2.54 cn2. EacRCI&EPR0S/01629%t uck
to the |ower conpartnment with the skin external face upwards. Human skin
Experinents are carried out on surgical plastics sanpled at the abdonen
level froma 5 white 35 year old female. 8hnples are used imediately after

sanpl i ng and er mat oned on, a thi ckness, of ou 5Q01i m ,3.3 Study ot ocol
The two conpar PHRIR EMPIes, W 2R REea fIp mﬁ‘é?ﬁgé‘mtzt é?‘g‘ %&H‘é%%“‘é\%@éhﬁf%’mth
the 10 skin fE&ﬂgﬁ'ﬁhelﬁ'wiﬁhﬁfrsﬁﬁxeéx‘férﬁﬂ dedent 4 is filled with a

VO Eu i

preci sely nmeasure ume of a 0.5% al bum'n solution. The cell is then
pl aced for 15h in aHulmanrskitt atic bath at 37C on a stirring platformin

T 2 P Bunebnra ot et o e e B S S A
licati o1 t 420 fockis i ,
ohL sampl oo ar Shisy 77 orpab, old EphaBE Samdeltand]ussl Smédiflly” oREF sphiplihg

spaced time potérnfatoraed oR althitkiesh of abdwt250umol ution is imedi ately added to
the conpartnent in order to keep its volune constant. For each formul ation,

five perneation cells are used. After cold- storing, the sanples are

titrated by | iﬂ‘éiﬁ aﬁl Htt: E Ilati on. 20 4. "C testosterone titration The

sanpl es are spH ImL fractions to which 4nL scintillation liquid
(Pico Fluor 4Ghéhvoadompatirtts 114 of theddérmdEpérmeability celbafeadsémbled vt then
titrated by liquid scintillation using a a spectrophotonetre (Beckman). For

sci ntillati®n, skindirgmeny 2. ddesrecejvingromnpagimeat dds ftlledowith rar prepiselyymeasyredc h
is accurately eval ua S | Shi (0, Li ' t N9
cur ve. For - enc OB EE 037 Ml holah dhs BT 1R pfathd Sor GTA UG
cal cul ated usbal @/B7ECtET #stirrhigapladioch HDUFRE teObtainhequilibriveh betwbenahé iskint ¥
is determned. 30 L )
and the receiving medium.
Kinetics starts after application of the formulation onto the skin 2. Applications are
15 about 20mg on 2.54cm? of skin. Over a period of 24h, 2mL samples are carried out
from the receiving compartment 4 at evenly spaced time points, and 2mL fresh
albumin solution is immediately added to the compartment in order to keep its
volume constant. For each formulation, five permeation cells are used. After cold-
storing, the samples are titrated by liquid scintillation.

20

4. 'C testosterone titration
The samples are split into two ImL fractions to which 4mL scintillation liquid (Pico
Fluor 40®) are added, metering time is Smin.

25 Samples are then titrated by liquid scintillation using a B spectrophotomeu-e
(Beckman). For scintillation, quenching leads to a decreased detection efficiency,
which is accurately evaluated establishing a calibration curve termed quenching
curve. For each sample, the metering yield depending upon quenching is calculated
using an external standard source and the actual radioactivity is determined.

30



WD 2006/ 027278 PCT/ EP2005/ 010293 22 Results 1. Testosterone solubility A
known anmount of solvent (2nL) is stirred at 37Cin a closed Erl enneyer.
Starting 5 froma known anount of teststerone, fractions are progressively
added. ThevOoRewd2T7Bg anount of testosterone is wei ght ed RGI/ER2065/010293
determ ne the amount in the Erlenneyer (by difference). Testosterone
solubility at 37C in water/ethanol m xtures and various penetration
enhancers such as propyl ene glycol (PG, o?2ic acid (Q8), propylene glycol
10 di pel argonate (PGDP), transcutol, are determ ned by the increment method.
Table 2 Testo solubility in various vehicles Solvent PG PG OA QA PGDP
Transcutol 100% 50/50 100% 1(100% 1 (100% Solubility 86 79 66 18 140 m
m. 15 Testosterone solubility is also evaluated as a function of ethanol
content. Tabl g Tesfwséroat eslabilitgol ubi lity in water / ethanol nixtures 95%
Et hanol Testosterone solubility v/v n?[m__ 9/2 42 | 58i 1%612.015 53 / 47 20
0.023 56 / 44AXpoynpgmoungef solvent §2mb) istirred at 37 4pinpclgsegehirienmeyer. Piarting

Vi scosity el PBoPokyoun AR B dfiadere? sl o Brltetshilt Seled T o5
rheoneter, remaining amount of testosterone is weighted in order to determine the amount in the
Erlenmeyer (by difference).
Testosterone solubility at 37°C in water/ethanol mixtures and various penetration
enhancers such as propylene glycol (PG), oleic acid (OA), propylene glycol
10 dipelargonate (PGDP), transcutol, are determined by the increment method.

Table 2
Testosterone solubility in various vehicles

Solvent | PG PG/OA | OA PGDP | Transcutol
(100%) | (50/50) | (100%) | (100%) | (100%)
66

Solubility | 86 79 18 140
(mg/mL)
15 Testosterone solubility is also evaluated as a function of ethanol content.
Table 3 '
Testosterone solubility in water / ethanol mixtures
95% Ethanol Testosterone solubility
(viv) mg/mL

42/ 58 14 0.015
53/47 20 0.023
56/44 24 0.027
63 /37 30 0.035
74 /26 - 52 0.061
84/16 120 0.146
86/14 160 0.195
100/0 340 0.420

See plots on Figure 2

20 2, Gel viscosity
Gel rheology was characterized with a Carri-Med controlled-stress rheometer,

measurement geometry: plane/plane, diameter 2cm, gap 1 mm, temperature 20°C.



measur enent geonetry: plane/plane, dianmeter 2cm gap | nm tenperature 20C
WO 20061027278 PCT/ EP2005/ 010293 23 Rheograns are plotted in flow foll ow ng
a defined shear cycle as follows: - up phase: stress increasing fromO to
300N n2 i nWDr006/0272781 at eau: constant stress 300N n= for 1RCHEP200§81029bhase
stress decreasing from300NNmM to O in 2mn. 5 All gels had a shear

sof teni ng (pseudo-plastic) behavior, wtho i any hysteresis cycle. Two

t heol ogi cal studies were carried out: - inffuence of ethanol content on

Car bopol ( 1) oaoRgerEthE Ebed i YtGnE) 4B BRI aofibug ¢ o
vi scosity The infl ugpgﬁag@f, stedsh amtPeashp fr@N 0 t6 00RMPOIRDtin) hydr oal coholic

gels is studied by varying from50%to 70%the content in 95% ethanol .
Tabl e 4 Ethanol % wplatdauccssistant stress SPONG fomlmingl ocity gradient s" 50 15.00

22.5 55 6.500 50 0 2.375 140 5 0.80Q 40 ,AD 55% et h |,
viscosity is smal ea?wwp?‘ﬁsed sértep%%j:rq;\awg olnbﬂOOJ\i/th t?ﬁ\égtzf‘ﬂﬂ' gf ag'?hanol
content. Vi §Coa'élt ?%l? Shddng ' shdae Softeing® Ppéedd plattic) Behdvier! RRMel( Ay Zﬁgle%@ﬂ[sh

viscosity 20 T l'uence of pol ymer conteht on hydroal coholic g

40% et hanol iscydleidi ed by varying Carbopol (r)980 content fromO0.3%to 0.7%
Vi scosities are ne sulre,d Ln é,he“})l at eau, under 300N/ n2stress for Imn. Table
5 Carbo ol (r) 8@ rpeglogical-gudies werec QW velocity gradient s-1 0.3 0.125

1400 0.4 0.610 500;pfyence of ethanol content on Carbopol®934 gel viscosity

- influence of polymer content on Carbopol®980 gel viscosity.

10
2.1 Carbopol®934P hydroalcoholic gel viscosity ‘
The influence of ethanol content on Carbopol® hydroalcoholic gels is studied by
varying from 50% to 70% the content in 95% ethanol. |
Table 4
Ethanol (% wt) | Viscosity (Pa.s) | Maximal velocity gradient (s)
50 15.00 22.5
55 6.500 50
60 2.375 140
65 0.800 ’ 400
15

Above 55% ethanol, viscosity is smaller, with a strong variation as a function of

ethanol content. Viscosity is increased for 50% ethanol.

2.2 Carbopol® 980 gel viscosity .
20 The influence of polymer content on hydroalcoholic gels with 40% ethanol is studied

by varying Carbopol®980 content from 0.3% to 0.7%.

Viscosities are measured in the plateau under 300N/m? stress for 1min.

Table 5
Carbopol® 980 (%) | Viscosity (Pa.s) | Maximal velocity gradient (s-1)
0.3 0.125 1400
0.4 0.610 500
0.5 3.50 90
0.6 6.10 50
0.7 12 30




0.5 3.50 90 0.6 6.10 50 0.7 12 30 WO 2006/027278 PCT/ EP2005/ 010293 24 3.
Dermal perneation of testosterone formulations on rat skin Dermal perneation
for the formulations fromTable 1 is evaluated in vitro on rat 5 skin.
For nul at i oWO290&R32t be eval uated due to heterogeneity (PARHEB2098B2% i on).
Results for rel eased amount at 24h, and rel eased rate at 24h are given in
the table below. Table 6 Fornul ati on Testosterone Rel eased Rel eased rate
Nunmber (9% anount (24h) (24h) dglcn) 1124 28.1 35 12 0.5 11.6 29 13 0.5
24.4 61 14 0.75 36.7 61 15 2.5 16.2 8 16 2.5 30.9 15 17 2.5 10.5 5 18
2.5 36.9 18 19 2.5 44.5 22 20 2.518.59 21 121.6 27 22 1 33.542 231
34.4 43 24 1 36.9 46 251 - - 26 1 30.0 37.5 27 1 62.0 77 10
Formul ati ons 11-27: 8ng/cnk are deposited.

3. Dermal permeation of testosterone formulations on rat skin

Dermal permeation for the formulations from Table 1 is evaluated in vitro on rat
5  skin. Formulation 25 cannot be evaluated due to heterogeneity (phase separation).

Results for released amount at 24h, and released rate at 24h are given in the table

below.
Table 6
Formulation Testosterone Released Released rate
Number (%) amount (24h) (24h)
| (ugfem?’) (%)
11 1 28.1 35
12 0.5 11.6 29
13 0.5 24.4 61
14 0.75 36.7 61
15 2.5 16.2 8
16 2.5 30.9 15
17 2.5 10.5 5
18 2.5 36.9 18
19 2.5 44.5 22
20 2.5 18.5 9
21 1 . 21.6 27
22 1 33.5 42
23 1 344 43
24 1 36.9 46
25 1 - -
26 1 30.0 37.5
27 1 62.0 77
10
Formulations 11-27: 8mg/cm? are deposited.
4. Testosterone permeation on human skin
15

Formulations 26 and 27 are evaluated on human skin, together with formulation 15

as a reference. Results are detailed below:



4. Testosterone perneation on human skin 15 Fornul ati ons 26 and 27 are

eval uated on human skin, together with fornmulation 15 as a reference.
Results are detailed bel ow W) 2006/ 027278 PCT/ EP2005/ 010293 25

For mul at i OMO2006(82¥8val ues for perneati on paranmeters on FPCIEER205/610283 ( h)
Amount Anount/area QS standard Q (n) /S (VglCWM) deviation n=5 2 000 4
1.90.750.4 63.51.40.6 95.62.20.6,_127.42.90.8 24 15.3 6.01 1.6
Average kinetics plot is given on Fig. 3. 2ean flux: 0.26 pg/cnm2.h 5

For mul ati on 21. I\/baﬁ!.vibges for perneation paraneters on 5 cells: Tinme (h)

Anmpbunt Amount tandard /S cnl deviation n=5 2000 431.20.9
6 5.6 22.2 1. Medp \&h@ﬁ'oﬂpell:rm%atiix?pz}\%rn&e{ki& Seells: 24 22.1 8.7 2.5 Average
(0] an

kinetics plot_is given on g ux:..0 39 g/cnP h 10 Eormilation 15
(reference) Time (h) Amount Amount/area Q/S standard
Q (ug) Q/S (ug/cm?) deviation (n=5)

2 0 0 0

4 1.9 0.75 0.4

6 3.5 14 0.6

9 5.6 2.2 0.6

12 7.4 2.9 ‘ 0.8

24 15.3 6.01 1.6

Average kinetics plot is given on Fig. 3.
Mean flux: 0.26 pg/cm?.h

5
Formulation 27
Mean values for permeation parameters on 5 cells:
Time (h) Amount Amount/area Q/S standard
Q (ng) Q/S (pg/cm?) deviation (n=5)
2 0 0 0
4 3 1.2 0.9
6 5.6 22.2 1.1
9 8.6 34 1.2
12 11.7 4.6 1.4
24 22.1 8.7 2.5
Average kinetics plot is given on Fig. 4.
Mean flux: 0.39 pg/cm?h
10

Formulation 15 (reference)

Mean values for permeation parameters on 5 cells:

Time (h) Amount Amount/area Q/S standard

» Q(ug) Q/S (ug/cm?) deviation (n=5)
2 0 0 0

4 1.1 0.45 0.3

6 2.2. 0.85 0.5

9 6.6 1.3 0.6

12 4.3 1.7 0.7

24 9.1 3.6 1.2

Average kinetics plot is given on Fig. 5.
Mean flux: 0.15 pg/cm*h

15 XL



Mean val ues for perneation paraneters on 5 cells:
/'S cn2 deviationn=5 2000 41.10.450.3 6

Amount |l area Q S standard

Time (h) Anount

2.2. 085 0.5 96.61.30.6 12 4.3 1.7 0.7 24 9.1 3.6 1.2 Average

Ki neti cs pv@tooe®227%en on Fig.
2006/ 027278 PCT/ EP2005/ 010293 26 Exanple 2 Materi al
[1, 2, 6, 7-3H testosterone (Anersham Laboratories):
InCi /L (37 MBg/nL) in et hancﬂ6, specific activity 99C / nmol
336 nCi/ng (lot 18). Absol ute ethanol
controlled by Laboratoires Besins Carbopol (r) 980

Mat eri al
sol ution at
(3.66 TBg/mmol ), 10 i.e.
| ot VANO51154N Materi al

5. Mean flux: 0.15 pg/cnR RETIEP26054t293
and net hods
MAE295,

5 1.

Carl o Erba

| ot 92010/ 442%¥a}ﬁlﬁ|§@0p°| (r)934 lot /3898 Testosterone | ot 92039/ 4461

| sopropyl nyri
Propyl ene gl ycol

91169/ 5781 Tri et hanol am ne (TEA)
(PG 20 Formul ations to be applied onto skin:

| ot 9304020/ 5721
(i n weight

for 100g final formulati oni. FmMtn Testo- CGelling Absolute neutralizer
propyl ene i so al a d$: ent ethanol glycol mistate
5
1. Material
1, 2, 6, 7-3H] testosterone (Amersham Laboratories): MW=295, solution at
ImCi/mL (37 MBg/mL) in ethanol; specific activity 99Ci/mmol (3.66 TBg/mmol),
10  i.e. 336 mCi/mg (lot 18).
Absolute ethanol Carlo Erba lot V4NO051154N
Material controlled by Laboratoires Besins
Carbopol® 980 lot 92010/4420
15 Carbopol®934 lot /13898
Testosterone lot 92039/4461
Isopropyl myristate lot 91169/5781
Triethanolamine (TEA) lot 9304020/5721
Propylene glycol (PG)
20
Formulations to be applied onto skin: (in weight for 100g final formulation).
Fmltn | Testo- Gelling Absolute | neutralizer | propylene | isopropyl
sterone agent ethanol glycol | myristate
1 (ref.) 2.5 Carb.934: 1.0 57 TEA: 1.35 - -
2 1 Carb.980: 0.6 58 TEA: 0.60 0.5 -
3 1 Carb.980: 0.8 - 58 TEA: 0.80 0.5 -
4 1 Carb.980: 0.9 67 NaOH - 0.5
(0.1M):
4.725
5 1 Carb.980: 0.5 67 TEA: 0.50 - 0.5
Formulations are prepared as follows:
Formulation 1:
25 1g of radio-labelled gel is prepared as follows.




1 ref. 2.5 Carb.934: 1.0 57 TEA: 1.35 - 2 1 Carb.980:0.6 58 TEA: 0.60 0.5 -
3 1 Carb.980: 0.8 .58 TEA: 0.80 0.5 - 4 1 Carb.980: 0.9 67 NaCH - 0.5
(0.IM: 4.725 5 1 Carb.980: 0.5 67 TEA: 0.50 - 0.5 Fornulations are

pr epar ed aﬁomﬂﬂoams Fornmulation 1: 25 1 g of radi o-| abelRCIEERFE95/018293; epar ed
as follows. WO 2006/ 027278 PCT/ EP2005/ 010293 27 - 100L (100.C) of the

radi o-l abel | ed testosterone sol ution (3H)ﬁe dried and resuspended with: -
595ny of a solution containing 2.5g testost’erone in 57g absolute ethanol, -
391. 5ng base gel ghaley 5
after conplete smlmtrqgggﬁgf or eé tasiag’ l]ag ﬁlﬁ% t@&?ﬁé&h} gaﬁﬁb%%@n ze'awgf
seconds with ultra- ﬂewg@mded\&mﬁrrg TEA. Radi oacti ve concentration of

formulation: | COtC/g gel i.e. 0.8gC _and 200g testosterone for a
| oadi ng of 8ny (aboiRSmmﬁ_e) sqmort@mal@ngz Sgrestagerene irdiaabsatutegthanol,] g of

radi o-1 abel | ed gel are ot

o0l (100G ) of -t nidY g bibe Bl PERI 3B b éé(acﬁ'ﬁ‘\iﬁ"g@% 3§73 a¥hlersy ang
resuspendeds with: a&?%pq&e@w%nidgtmﬂrb&&@t@e Nhe Inikdlag € é?ﬁ&daeﬂi%\@ 59
PG in 58g absolute ethanol, - 393ng base gel, obtaine by swe ling O.6g

Car bopol (r)980 in BRchﬂs\mmbnhra-mxafter corrpl ete swelling and before use,
the nmucilage is horrg,gg ﬁé&d a few seconds with ultra-turax. - 12ng of TEA
hal f diluted in Wat “active concentration of formulation: 100C /g of

gel Radioactive concentration of formulation: 100uCi/g of gel

i.e. 0.8nCi and 200pg testosterone for a loading of 8mg (about 10puL) per cell of 1.77

10 cm’

Formulation 2:
1g of radio-labelled gel is prepared according to the following protocol:
15 - 100pL (100pCi) of the radio-labelled testosterone solution (*H) are dried and
resuspended with:
- 595mg of a solution containing 1g testosterone and 0.5g PG in 58g absolute
ethanol,
- 393mg base gel, obtained by swelling 0.6g Carbopol®980 in 38.7g water;
20 after complete swelling and before use, the mucilage is homogenized a few
seconds with ultra-turax.
" - 12mg of TEA half diluted in water.
Radioactive concentration of formulation: 100uCi/g of gel
i.e. 0.8uCi and 80ug testosterone for a loading of 8mg (about 10uL) per cell

25
Formulation 3:
1g of radio-labelled gel is prepared according to the following protocol:
- 100puL (100uCi) of the radio-labelled testosterone solution (*H) are dried and
resuspended with:
30 - 595mg of a solution containing 1g testosterone and 0.5g PG in 58g absolute

ethanol,



i.e. 0.8.tCG and 8Qg testosterone for a | oading of 8ng (about ICORL) per cell
25 Formulation 3: | g of radio-labelled gel is prepared according to the
foll owi ng protocol: - 100L (100ttCi) of the radio-|abelled testosterone

sol uti on (VWBOROWH2728i ed and resuspended with: 30 - 595nPGITERR0650102930N
containing | g testosterone and 0.5g PG in 58g absolute ethanol, W

2006/ 027278 PCT/ EP2005/ 010293 28 - 389ng base gel, obtained by swelling

O 8g Carbopol (r)980 in 38.1g water; after2gconplete swelling and before use,
the mucil age is hom)geni zed a few seconds with ultra-turax, 16ng of TEA

hal f diluted i n wat339mgbaedgadacbtained bynweatting 0i8gnCarbopol®A80aini 3hlg MaGIrCi / g
of gel i.e. 0.8pC and 80 est ost ero or a |padi ng of .8 about, | QL)
per cell Formul étia%ﬁr&?m leje syve '&gia(?-glebih@?luéﬁ 8|m‘f°g'a§? éﬁ)g‘?@égwgr%f% to
the foll owi ng prot %94"}“5&@‘““"‘“' x(10pCG ) of the radio-Iabelled

are dri

t est ost erone sol ution ed and resuspended with: - 685ng of a
sol uti on cont ai ni nd Gngg bEFEAHatf dingedaindvalerSg | sopropyl nyristate in 67g

absol ute ethanol, - 267.75 base, gel ,, obt ai ned, by .swelling 0.9g

Car bopol (r)598d{4¢93293’8‘7‘5‘§°gg§“%? m &w%@w&llspégéﬁm ling and before use,
the nucil age i.s ! it - . nmg of NaOH
(O 10 Radi odd [\SHCRERL 80k GoicsRRORIpER Kapile df A (isht TRty polect™™

0. 81AC and 80g testosterone for a |oading of 8ng (about 10L) per cell 20

Fornmul ation 5: 1 g of radio-labelled gel is prepared according to the
fol | owi ng protkarmulation¥o0L (100, G) of the radio-1abelled testosterone

solution (;H) lagro% rgéiioﬂgbeéﬂ}g gel %Sﬁglpa?wjﬁ%?@iﬁﬁo the following protocol:
10 - 100pL (100pCi) of the radio-labelled testosterone solution (*H) are dried and
resuspended with:
- 685mg of a solution containing 1g testosterone and 0.5g isopropyl myristate
in 67g absolute ethanol,
- 267.75mg base gel, obtained by swelling 0.9g Carbopol®980 in 25.875g
15 water; after complete swelling and before use, the mucilage ié homogenized a
few seconds with ultra-turax.
- 47.25mg of NaOH (0.1M).
Radioactive concentration of formulation: 100uCi/g of gel
i.e. 0.8uCi and 80ug testosterone for a loading of 8mg (about 10uL) per cell
20

Formulation 5:
1g of radio-labelled gel is prepared according to the following protocol:

- 100uL (100uCi) of the radio-labelled testosterone solution (*H) are dried and
resuspended with:

25 - 685mg of a solution containing 1g testosterone and 0.5g isopropyl inyristate
in 67g absolute ethanol,

- 305mg base gel, obtained by swelling 0.5g Carbopol®980 in 30g water; after
complete swelling and before use, the mucilage is homogenized a few
seconds with ultra-turax.

30 - 10mg of TEA half diluted in water.
Radioactive concentration of formulation: 100uCi/g of gel

i.e. 0.8uCi and 80pg testosterone for a loading of 8mg (about 10pL) per cell



25 - 685ng of a solution containing Ig testosterone and 0.5g isopropyl
nyristate in 67g absolute ethanol, - 305ng base gel, obtained by swelling
0.5g Carbopol (r)980 in 30g water; after conplete swelling and before use,

t he nuci | 3@ 2906/0RBAbgeni zed a few seconds with ul tra-t urfRl/ER3803/01¥9dy of
TEA half diluted in water. Radi oactive concentration of fornulation
|OOyCi/g of gel i.e. 0.8pC and 80g testosterone for a | oading of 8ng (about
| COL) per cell WD 2006/027278 PCT/ EP2005/ 320293 29 2. Methods In vitro
dermal absorption: 5 Principle In vitro transdernmal absorption is
quantitatively studied on human ventral dermatoned biopsies placed in a
static diffusiopmdiibds (Franz cell), which allows contacting derms with a
survival liquid (receptor fluid) in which absorption through- skinis to be:
dosed. 10 Cell A dermal biopsy is naintained horizontally between two parts

of the cell, thus elinmting two conpartnents: - one epidermal conpartnent

is conprised dp va!rg%&w%#w%a@f’{" having a precisely defined area of

1.77cn2, pgacﬁ-ng%lé he upper side of the skin; 15 - the other, dernal,

applied to“th face of the tegunment, conprises a reservoir of fixed

vol une carrying eittattesmteraml| abdorptionpds t quahtieatively eshadiehten alwenas seentraled

via a clanp. The | ower compartpment (dermal) is.filled with a_suryival |iquid
H

constituted ofdesmatemed birpsicoplased dp|a,static, diffusien cell (Fpnzneeibe whigh allows i ne

serum al bum n at 20 . A i: [ [ Lauy &
entirely sanplcgﬂm%ﬁl?é g?/ 1%8\/1 At g?g a%:icl) % @Fgﬁr}m %@ra? ﬁg{r?élﬁ“?bﬁ Jé"BﬁQ*é ggbg%/h
fresh liquid. skiigskovedogedit of the cell is thernpbstated at 37C. Honpbgeneity

of the tenperature and the content in the receptor fluid, is naintained by
stirring (@agrfedi c stirrer). The upper part (epidermal conpartment) is open

L O v e oSk et bldBsy 16 RARaM RotidoRBUTPBRELT wd PeRSE bR LAE Bbd "

the | aboratory:
delimiting two compartments:

- one epidefmal compartment is comprised of a glass cylinder, having a precisely
defined area of 1.77cm?, placed on the upper side of the skin;
15 - the other, dermal, applied to the lower face of the tegument, comprises a reservoir
of fixed volume carrying a lateral collection port.
The two elements are assembled via a clamp.
The lower compartment (dermal) is filled with a survival liquid constituted of a
sodium chloride solution at 9g/L supplemented with bovine serum albumin at 15g/L.
20  Ateach time point, the survival liquid is entirely sampled out by the lateral collection
port and is replaced by fresh liquid. ,
The lower part of the cell is thermostated at 37°C. Homogeneity of the temperature
and the content in the receptor fluid, is maintained by stirring (magnetic stirrer).
The upper part (epidermal compartment) is open towards the exterior, thus exposing
25  the epidermal surface to the air in the laboratory.
Preparation of human ventral dermatomed skin dermal biopsies:

These are samples from human ventral skin from plastic surgery from white donors.
Skin is kept at -20°C before use. Adherent sub-dermal fat is removed with a scalpel,
and skin is brought to a thickness of about 0.5mm with a dermatome. For each assay,

30 the various skin samples are equally distributed between the lots.



Preparati on of human ventral dermatonmed skin dernmal biopsies: These are
sanples from human ventral skin fromplastic surgery fromwhite donors.

Skin is kept at -20C before use. Adherent sub-dermal fat is removed with a
scal pel , WAOWA2R27Bs brought to a thickness of about 0. 5HA/RP0AS/810293

dermat ome. For each assay, 30 the various skin sanples are equally

di stributed between the |ots. W 2006/ 027278 PCT/ EP2005/ 010293 30 Ceneral
protocol Franz cells are usually installe Othe_ day before | oading the

formul ati on tq,be di,ed The epidermal conpartnent is contacted with the
at nosphere in%%rﬁa@&’i‘t‘%ry, the dermal conpartnent is thernostated to 37C

and the skin igafz0delis aredsually Ehs@allﬂdhhéﬂi}abﬁﬁreﬂbxﬁhﬁﬂ&gfo?ﬁhlaﬁéﬁw Sfudpidout
17 hours. Under these conditions, the skin is highly hydrated. 1011L

sol uti on (abo(Ehe®pidermaboomp®traent iacentagipd wath the ratmesphers mpthe dabaratony, she he
whol e of the surface of the epiderms lim by,the gl.ass cylinder.,
Sanpl i ng fromdé"f’ﬁe compastment, is gﬁ SF"EF%I e #S&nﬁﬁd ctgﬁp {’n‘énfg’ﬁ?‘ae{aﬁnp? ed
out via the | : j I 1% [ : d
2an. "For - 63ch uhat] phsioRElcaphril fhr dout LRoRS! Dader fHisc EondiBong, W o
repl ace by frdshighlyhydiatedt the end of the assay, the treated dernal surface

A e N AR TN S N R R R,
e 550 SISk e b 0 My R,
and the derm shafiuideontiredain ¢ed dyrmsal peonapatthent tare candal pat viamnke lalegkst ed
easur omeriOs BoERiaRoROH G GHRY REibB, B PhBincaits 2N For e4n ms: PR, the
var 1 1 Coun ARt B Ao BSOS o0 00k e
di ffusi on cel |4t the end of the assay, the treated dermal surface is washed with 200uL of various
solvents according to the following protocol:
- 1* wash: Cetavlon ®/water (1/9, v/v);
15 - 2™ wash: water;
- 3" wash: Cetavlon ®/water (1/9, v/v);
- 4™ wash: wash;
- 5™ wash: water.
The application area is then wiped with a Q-tip®.
20 The epidermis and the dermis are then mechanically separated with a scalpel, and
digested in respectively in 1mL and 3mL Soluene® (Packard).

Radioactivity measurements

Detection is carried out by liquid scintillation using a particle counter Packard-tricarb
25  4530. '

Preparation of radioactive samples:
The survival liquid sampled from the lower compartment of the diffusion cells is
directly incorporated in 15mL of liquid scintillation cocktail (Picofluor 40R,
Packard) and metered for radioactivity measurement.

30 Liquids from washes and Q-tips® are introduced in a vial containing about 30mL
95°Ethanol and weighted exactly. After incubating overnight at 4°C, the radioactivity



directly incorporated in 15nL of liquid scintillation cocktail (Picofluor
40R, Packard) and netered for radioactivity neasurenent. 30 Liquids from
washes and tips r%s are introduced in a vial containing about 30nL

95Et hanol W 0\&?7%% ed exactly. After incubating overni ghPCHEP2IG5/0102%23
radi oactivity WO 2006/ 027278 PCT/ EP2005/ 010293 31 of an exactly wei ghted
aliquot fromthis dilution is determ ned foI | om ng the sanme procedure as
for the survival |iquids. Epiderm s and detlvi s must first be dissolved in

strong organi c ases The agtin 37

Sol uene 350(r)° Wﬂy(‘?%%hqﬁ'&ahg@ﬁﬁod"?% ?’?‘é‘@?fﬁ ﬁl"ﬁ‘ﬁr@ 'ngﬁd‘hf
scintillation gocddupd As (OHWIEMqu&O( ry, Packar d) are added, and then
nmet ered. Radi oactivity nmeasurenments:. Metering rate is corrected, as far as

quenching is (Emdﬁmechndbgemhnemmt fivst tef disbadvedoin strong mgdnnbrbasesoﬂ'hey rrer der

BtV ty of - cdlolaREConHRInE ARt e Tth SRR 440 Backart ki aﬁﬁanscpm
For each Sgl Nkt ttb%m'chQ‘Shﬁhh&mﬂ%ﬁhﬁlhﬁorﬂ I(Smoﬁiérﬁl‘ﬁ& ;o@spmhfdp

Results aré expre sed In wel or percentage o bstance fouhd 1 n
sanples with ddded;emﬂthm mh&retdjm ni st ered amount, determnined fromthe
nmetering rates_ of suj tabl y diluted calibrations. 15 Transdermal absorption:

I ntensity of tRadi Son is eval uated by conputi ng the absorption

t 0 ' > 1 f
T b N o st Mg

flux and absordxteinsingalibtation| ircerder to obtaindisintegratione paf atinate t(dpm) acoduating
expressed: respectlveli/ in.ng/cn2/h and in ng. Averagg c[iqeqipgiéo? correspond to
e

6-8 exper ilfentiar theetea ARV O Rach femple < Thes basikerauad 1 &Achsample in

devi ati on (Sd) I L by variance
anal ysi s. ?n-i:%? Hﬁg&@gﬂgg&#%&? Mgég&%i%cre@w&@ngguﬁ@rlégﬁ%lggéd are by
wei ght of s UbSR@ﬁlls afem“xpl'esﬁﬁymailexﬁhmlpercentage of substance found in the samples with

respect to the administered amount, determined from the metering rates of suitably
diluted calibrations.

15  Transdermal absorption:
Intensity of transdermal absorption is evaluated by computing the absorption
percentage (%) of the loaded amount (Qi) as a function of time:

% = (Qt/ Qi) x 100
wherein Qt is the absorbed amount at time point t.
| 20 Average flux and absorbed amount for each time interval are also determined and

expressed respectively in ng/cm*h and in ng. "
Average results correspond to 6-8 experimental determinations and are associated to
the standard deviation (Sd).
Comparison of the average results is carried out by variance analysis.

25

3. Results |
Concentrations expressed as percentages are by weight of substance for 100g of final

30 formulation.



30 formul ati on. WD 2006/ 027278 PCT/ EP2005/ 010293 32 In vitro testosterone
penetration in Franz cells (Cumul ated val ues) Average values +/- Sd as a
function of time Fmtn Values Survival liquid in the cell 2h 4h 6h 8h 24h %
time 0.230WQ2080212784% 0. 63% 0.97% 1 +/- Sd 0. 08% 0. 12%FSTERIEG/0182930. 24%
n=6 anount n 501 902 1184 1378 2113 +/-Sd 169 254 278 322 518 %tinme 0.40%
0.77% 111.03% 1.23% 1.98%@ 2 +/- Sd 0.18%0.29% 0.36% 0.41% 0.59% n=8
amount n 351 666 892 1067 1721 +1-Sd 159 286 317 360 508 %time 0.35% 0.72%

0.97% 1. 1761. 9490 3 +[- Sd 0 210 l‘..-:l Wec?{méaﬁg/%ggg&(g% n=8 anount n 313

639 868 1047 94%A | 1.21% M |

oSt T88 802 310 4
1.40'/0 2. 17%Avefage valies +0- S dfubclionofHitie 0. 39% 0. 58% n=7 anpbunt n 462 11
834 1071 1243 1927 +/-Sd 133 237 301 341 514 '/0 tine O 56% 11 04%a) 1

1.33% 11. 53%) Fmin47% ahies Sd 0.}49% 0. 71%Survizel q@idinsheeed n=7 anouht
(ng) 484 89911153 13324 2138 +/-Sd 4242h15 678h7071 866h @ di§lk er ¢nt 24k on
reference (lel’l anceg anal yghime FI ShErQ2PR!I [ V.42V 1[C 424 Tho3vi | 2097% ef ent
fromreferende (anqva;, FrQR antd SCHBRE] T 1 Ry T T MgoW T 1T, 71 10
WO 2006/ 0272718 PCT/ P2065 o8B0 Ja0 i et Q127 U?J J(@u.@sa e O?L es
n=6 amount (ng) S01 902 1184 1378 2113
+- 8d 169 254 278 322 518
% time 0.40% | 0.77% | 1.03% |1.23%@ | 1.98%@
2 +-8d 0.18% | 0.29% 0.36% 0.41% 0.59%
n= amount (ng) 351 666 892 1067 1721
“+/-Sd 159 256 317 360 508
% time 035% | 0.72% | 0.97% | 117% |1.94%@
3 +/- Sd 021% | 0.34% 0.41% 0.47% 0.59%
n=8 amount (ng) 313 639 868 1047 1735
+/- Sd 188 302 370 418 530
% time 0.52% | 0.94%@ | 1.21% @ | 1.40%@ | 2.17%*
4 +/- Sd 0.15% | 0.27% 0.34% 0.38% 0.58%
n=7 amount(ng) | 462 | 834 | 1071 | 1243 | 1927
+/- Sd 133 237 301 341 514
% time 0.56% | 1.04%@ | 1.33%@ | 1.53%@ | 2.47%*
5 +/- 8d 0.49% | 0.71% 0.78% 0.81% 0.99%
n=7 amount (ng) 484 | 899 1153 1324 2138
+/-Sd 424 615 673 707 861

@: different from reference (variance analysis, Fisher test significant with p<5%)

5  *:different from reference (anova; Fisher and Scheffe F test, significant with p<5%)
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Fm tn Val ues Anounts at 24h E D E+D CG:D WT 36.35% 0. 98% 37.33% 1. 95%

47.03% 85. 33%

36, 06% 63, NEBIRTTS

31301 72844
3 +/ -
+/ -
5.37% 0. 65% 4

4763 577 4419

1+

Sd 8.15% 0.55% 9. 69% n=6 anount n 7 0072 2131 81203
+/-Sd 18516 1193 21075 144.36%R 1 1.55% 45.91% 3. 53%
Sd 8.44% 1.42% 5. 23% n=8 anmount n 3858GT/EBAHYSAY3LED 3069

+/-Sd 7325 1235 4539 40.56% 1.91% 142.47% 13. 85% 41. 47% 85. 88%

Sd 4.98% 1. 02% 6. 93% n=8 anount n 36}%0 1701 37900 3436 37015 76650

1.18% 8. 18%

7096 E: epide

reference (va

di fferent from

fromreferenc
WO 2006/ 02727
Franz cells (
time: FmMtn VM

10

E: epidermis, D: dermis, C: cell, W: washes, T: total

@: different from reference (variance analysis, Fisher test significant with p<5%)

°: different from formulation 2, 3 and 4 (anova, Fisher test, p<5%)

*: different from reference (anova; Fisher and Scheffe F test, significant with b<5%)

Sd 4443 916 6189 % 144.56%A 1 2. 10% 46766% 4. 27% 31. 77% 80.60% 4 +/- Sd
% 865 41371 3792 28164 71462 +/- Sd
é&g&iﬁ@&&@@&ﬂ%ﬁ%@ﬁ%@f 46.58% 81. 29% Fn=7 +/- Sd 7. 35%
N 263&%325 0 27973 4718 40;&&21?0‘71&5@824&/- Sd 6374 1022
_m b (]erm S, L, (ESTI W DWaS CE+D' - t@ I @WIT erqm rom
PR SBIILC oN AR Sl A T
: . Shek-+es 18 thid i 24 Y
e (’ano a: HiShher a1 Xhne 0e35% ¢ st significantOn%%h p<hoy| 10
3 PCT/EP2005/ 010293 34 In vitro testosterone penetration in
uMamehati(ng) || Ue?Y072AvEr 2181 VAI81R03 +{ -429d 7102306 nAB5622 Of
al ues [SUT W) fquighign [ NE19E 0-2h P-4h 41em@@s8h 8- 24h
% 44.36%@ | 1.55% | 45.91% | 3.53% | 36.06% | 83.95%
2 +/- Sd 8.44% 1.42% 5.23%
= amount (ng) 38513 1349 39862 3069 31301 72844
+/- Sd 7325 1235 4539
% 40.56% | 1.91% | 42.47% | 3.85% | 41.47% | 85.88%
3 +/- Sd 4.98% 1.02% 6.93%
n= amount (ng) 36200 1701 37900 | 3436 37015 | 76650
+/- Sd 4443 916 6189
% 44.56% @ | 2.10% | 46.66% | 4.27% | 31.77% | 80.60%
4 +/- Sd 5.37% 0.65% 4.99% ’
n=7 | amount (ng) 39506 1865 41371 3792 28164 | 71462
+/- Sd 4763 577 4419
% 29.27%"° | 2.97%* | 32.24% | 5.44% | 46.58% | 81.29%
5 +/- Sd 7.35% 1.18% 8.18%
n=7 amount (ng) 25393 2580 27973 4718 | 40397 | 70508
+/- Sd 6374 1022 7096



% 0. 23% 0. 18% 0. 13% 0. 09% 0. 34%

anmount o 501 401 281 194 735

10. 36%°, 1WO.2266/0272780. 20% 0. 75%
anount (ug) 351 315 226 174 654- +/-

+/

+/ -

_ Sd 169 101 91 59 256
141. 60 113.34 79.41 54.88 25.95 +/- Sd 47.71 28.65 25.78 16.53 9.03

+/ -

Sd 0.08% 0. 05% 0. 04% 0. 03% 0. 12% 1

n=6 Flux n cn?/h

% 0. 40%
Sd 0.18% 0. 13% 0. OBCF/BPLPSHM22R % 2

Sd 159 113 82 63 194 n=8 Flux n cm/h

99.14 88.97 63.98 49.24 23.10 +/- Sd 45.03 31.91 23.13 17.74 6.86 0.35%

0.36%0.26%Q 1 0.20% O.77%
n 313 325 229 179 68

91.94 64.82 5
0.27% 0. 19% 0.
372 237 172 6

dnas

e %éi‘ﬂ@*f**%%?g@*%

+/ -
pStesC

Sd 188 136

n-8 Fl
qumylat

+/ - Sd 0 21940. 15% 0. 09%0 07% 0. 21% 3 anount

m2/ h 88. 45
V& €Shh 052% 0. 42%

% 0. 06% 0. 21% 4 amount ' (ng) 462
n 7 Flux n cn?/h 130.51 105.15

67.00 48.49 Yafin3d 37Veues’. 22 22.82 14 SifrvivabRquithi thewelD. 48% 0. 29
0.20% 0. 940/ . T[S0 0. 29% U. 3% 3n0800 Qg% P. 405k © [2NEI8K §934n215 254
171 814 +/- [Sc—424-$96—L3—46—5170 et [T gkgdh T 13055 vt
48.22 28.53 4/ _ Sd [416-80°55-08 2f. a iy : 461 gf o
PCT/ EP2005/ 010293 (35 _@H-did f er anf0d 1 05% o O04%, ;1 03 Fi sher
1 1 1 it h N0
Lot shgnifiqant Wi g | 501 | 401 | 281 | 194 | 735
+/-Sd 169 101 91 59 256
=6 ' Flux (ag/em?/) | 141.60 | 11334 | 79.41 | 54.88 | 2595
+/- Sd 47.71 | 2865 | 25.18 | 1653 | 9.03
% 0.40% | 0.36%@ | 0-26%@ | 0.20%* | 0.75%*
+/-Sd 0.18% | 0.13% | 0.09% | 007% | 0.22%
5 | smount(mg) [ 351 315 226 174 654
_+-8d 159 113 82 63 194
"8 | Fiux ag/em¥h)| 99.14 | 8897 | 6398 | 4924 | 23.10
+/- Sd 4503 | 3191 | 2313 | 17.74 | 6386
% 0.35% | 0.36%@ | 0.26%@ | 0.20%* | 0.77%"
+/- Sd 021% | 0.15% | 0.09% | 0.07% | 0.21%
3 | amount(ng) | 313 325 229 179 688
+/- Sd 188 | 136 84 61 184_
8 | Flux (ag/cm¥/h) | 88.45 | 9194 | 6482 | 5068 | 24.29
+/-Sd 53.09 | 3833 | 2386 | 1725 | 649
% 052% [0.42%@ | 0.27%@ | 0.19%@ | 0.71%"*
+/- 8d 0.15% | 0.15% | 0.09% | 0.06% | 021%
4 | _amount(ng) | 462 372 237 172 684
+/-8d 133 132 81 50 185
" [Flux (ng/em?b) | 130.51 | 105.15 | 67.00 | 48.49 | 24.16
+/-Sd 3761 | 3722 | 2282 | 1426 | 6.53
% 0.56%@ | 0.48%* | 0.29%* | 0.20%@ | 0.94%*
+/-Sd 0.49% | 0.23% | 0.08% | 0.05% | 0.20%
s | amount(ng) | 484 415 254 171 814
+/- 8d 424 198 73 46 177
"7 | Fiux (aglom'b) | 136.86 | 117.14 | 7174 | 4822 | 2853
+/- Sd 11680 | 5598 | 2067 | 13.04 | 626




": different fromreference (variance analysis, Fisher test and Scheffe
F-test significant wwth p<69% 5 36 Cdains 1. Pharnaceutical conposition
conpri si ngw 5 - 0.5t0 5.0 %(ww of testosterone, - 40.0 to 75.0 % (w w)
of a |eastWOH8O¥RTEE alcohol, - 0.1 to 5.0 % (wWw of atPEEHEEROYAW2Ye | ing
agent, - 0.1 to 5.0 %(ww of propylene glycol, - 0.05to 5.0 % (ww of

i sopropyl nyristate, 10 - optionally, watgr. 2. Pharmaceutical conposition
according to claiml1, wherein said C2-C6 | cohol is selected fromthe group
consi sting of ethanol, propan-l-ol and propan-2-ol, and m xtures thereof.
3. Pharmaceutical conmposition according to any one of clains 1-2, wherein
said 15 gel | i@gdifigesnt fiom reférentec(Vafiarmeanilysis, Kisher ¢est sigaificagt with psbYd)i c

aci d-based polyners, carboxypethyl cel |l ul oses, . hydroxypropyl cell ul oses,

hydr oxyet hyl cél:i difigtent  fremy refersiice s(vananee Xﬁ‘%sg’fs efr dest ﬁ'.‘dCFS?BF#ﬁc%‘EHSF cal
conposi tion acgor#i X ne of clainms 1-3, wherein said gelling agent
conpri ses at |5E%1’é€é.‘ﬂ’gh*léﬂ‘ e I/l"jr)]g agent selected fromthe group 20 consisting
of carbonegs, e.g. Carbopol (r) 980, Carbopol (r) 934P, Carbopol (r) 1342,.
Car bopol (r) 1382, and m xtures thereof. 5. Pharmaceutical conposition
according to any one of clains 1-4, further conprising a base, preferably
sel ected fromthe group consisting of triethanolam ne, sodi um hydroxi de,
anmmoni um hydr oxi de, potassi um 25 hydroxi de, argi ni ne, -am nonet hyl propanol ,
tronet ham ne, and m xtures thereof. 6. Cel useful for transdental or
transcut aneous delivery conprising a pharmaceutical conposition according
to any one of clains 1-5. 7. Dose packet, unit dose packet or nultiple dose
packet containing a 30 pharmaceutical conposition according to any one of
clainms 1-5 or a gel according to claim6®6. :



8. Dispenser, e.g. with hand punp, containing a pharnmaceutical conposition
according to any one of clains 1-5 or a gel according to claim®6.

36

Claims

1. Pharmaceutical composition comprising:
5 - 0.5t0 5.0 % (w/w) of testosterone,
- 40.0 to-75.0 % (w/w) of a least one C2-C6 alcohol,
- 0.1to 5.0 % (w/w) of at least one gelling agent,
- 0.1t05.0 % (w/w) of propylene glycol,
- 0.05 to 5.0 % (w/w) of isopropyl myristate,
10 - optionally, water.

2. Pharmaceutical composition according to claim 1, wherein said C2-C6
alcohol is selected from the group consisting of ethanol, propan-1-ol and
propan-2-ol, and mixtures thereof.

3. Pharmaceutical composition according to any one of claims 1-2, wherein said

15 gelling agent is selected from the group consisting of acrylic acid-based
polymers, carboxymethylcelluloses, hydroxypropylcelluloses,
hydroxyethylcelluloses, cellulosics, and mixtures thereof.

4. Pharmaceutical composition according to any one of claims 1-3, wherein said
gelling agent comprises at least one gelling agent selected from the group

20 consisting of carbomers, e.g. Carbopol® 980, Carbopol® 934P, Carbopol®
1342, Carbopol® 1382, and mixtures thereof.

5. Pharmaceutical composition according to any one of claims 1-4, further
comprising a base, preferably selected from the group consisting of
triethanolamine, sodium hydroxide, ammonium hydroxide, potassium

25 hydroxide, arginine, aminomethylpropanol, tromethamine, and mixtures
thereof.

6. Gel useful for transdermal or transcutaneous delivery comprising a
pharmaceutical composition according to any one of claims 1-5.

7. Dose packet, unit dose packet or multiple dose packet containing a

30 pharmaceutical composition according to any one of claims 1-5 or a gel
according to claim 6 .
8. Dispenser, e.g. with hand pump, containing a pharmaceutical composition

according to any one of claims 1-5 or a gel according to claim 6.





