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The invention relates to a pharmaceutical preparation for application to
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during hornone replacenent therapy in nen and wonen or else for
contraceptlon in wnen. Despite the | arge nunber of transdernal

phar maceut i c&e SCHE AN, to date only a small number of steroidal active
ingredients can be admnistered in this way: fromthe group of estrogens
this is tru of. estra oldgnd ethinylestradiol (e.g. Estraderm dinmara(r),
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Test ogel (r) }or application to the skin having a content of
10 drospirenone. The amount of drospirenone contained in
the preparation in the initial state thereof is not
above the saturation solubility, while the saturation
solubility of drospirenone is exceeded after applica-
tion of the preparation to the skin through efflux of

15 solubilizing components.
Prior art

Steroid hormones are even now in large numbers
20 administered transdermally. This takes place either
during hormone replacement therapy in men and women or

else for contraception in women.

Despite the large number of transdermal pharmaceutical
25 forms, to date only a small number of steroidal active
ingredients can be administered in this way: from the
group of estrogens this 1is true of estradiol and
ethinylestradiol (e.g. Estraderm, Climara®, Fem?7,
OrthoEVRA®, EstraDOT), and in the case of progestogens
30 it is levonorgestrel, norethisterone and norethisterone
acetate (e.g. Fem7 Combi, CombiPatch), and

norelgestromin.

In andrology, testosterone is available in transdermal
35 pharmaceutical forms (e.qg. Androderm®, Testoderm®,

Testogel®).



WD 2005/ 097196 - 2 - PCT/ EP2005/ 002971 The feasibility of transdernal
admnistration is, however, based not on good skin penetration by steroid
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daily dose, among the less potent substances because

they must be administered in the range of typical oral

daily doses of 2 to 3 mg in order to display for

15 example their contraceptive effect. 1In contrast to

so-called highly potent progestogens such as, for

example, gestodene or norelgestromin, whose daily dose

is in the lower two-figure microgram range, it has to

date been necessary ' to regard drospirenone and

20 dienogest as unsuitable for transdermal administration.

The only steroid hormone which can at present be
administered transdermally with daily doses in the
milligram range is testosterone. However, the
25 commercial patch products Testoderm® and Androderm® are
known for their low 1local tolerability and the 1low
acceptance by patients because of the site of use - on
the scrotum (Testoderm®) - and the necessary size of
patch of 74 cm? (Androderm®, 2 patches applied

30 simultaneously).

On the other hand, the gel product Testogel® is avail-
able for transdermal testosterone therapy and likewise
permits absorption of about 5-10 mg of testosterone per
35 day with a low local irritation potential and improved

convenience of use.
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where the active ™ ingredi ent hor mones and the latter
are present in the matrix on the support in the saturated or supersaturated

state. 26 Degerd7tiageofalt heddwaidd o dispsnsdrobbecharfiniBerbRveRti on to
find transderymal admnistration forns for application to the skin for |ess

pot ent pr og&dt RFHEESTEFeRTe AW} &&EEPSHhi eved according to the invention by
a pharmaceutical preparation for application to the skin having a content
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10 volatile solvents such as ethanol. The transdermal
administration of active ingredients by means of

adhesive matrix system is described.

WO 99/15156 Al describes a process for producing a
15 transdermal administration form, where the active
ingredient (s) may be steroidal hormones and the latter
are present in the matrix on the support in the

saturated or supersaturated state.
20 Description of the invention

It is an object of the invention to find transdermal
administration forms for application to the skin for
less potent progestogens.
25
The object is achieved according to the invention by a
pharmaceutical preparation for application to the skin
having a content of drospirenone, in which the amount
of drospirenone contained in the preparation in the
30 initial state thereof is not above the saturation
solubility,
and the saturation solubility of drospirenone 1is
exceeded after application of the preparation to the
skin through efflux of solubilizing components from the

35 preparation.

It 1is possible according to the invention for the

saturation solubility of drospirenone to be exceeded in



exceeded after application of the preparation to the skin through efflux of
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10y ethanol or isopropanol.

The pharmaceutical preparation may according to the
invention comprise a crystallization-inhibiting

addition and/or a content of at least one permeation

15 promoter in relation to drospirenone.

It has been found that the crystallization-inhibiting
addition takes the form of a soluble polyvinyl-

pyrrolidone.

20
The pharmaceutical preparation may be a semisolid
preparation in the form of an alcohol-containing gel or
a liquid, alcohol-containing preparation in the form of
a lotion, of a foam or of a spray.

25

It 1is also possible for the 1liquid or semisolid,
alcohol-containing preparation to form part of a

transdermal patch of the reservoir system type.

30 It has further been found that the saturation solubility
of drospirenone is exceeded in the preparation during
application by a factor of at least 1.5, preferably by
a factor of at least 2, and that the alcoholic prepara-
tion has an alcohol content of at 1least 60% (m/m),

35 preferably of at least 65% (m/m).

Besides drospirenone, an estrogen may also be present.



of drospirenone is exceeded in the preparation during application by a
factor of at least 1.5, preferably by a factor of at least 2, and that the
al coholic prepara- tion has an al cohol content of at |least 60% (mm, 35
preferably of at |east 65% (m m. Besides drospirenone, an estrogen may al so
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0. 2-2%(g1n') particularly preferably 0.5 to 1% (mm, in the gel, in
addition”an ethanol content of 15 at least 60% (mn), particularly
preferably eilen egtrdaastmpbid Mhinylegrmdideld. Because of the high

al cohol content, suitable gel forners are not only ionic ones based on

polyacrylic 20 acid (carbomers or Carbopols, e.g. Carbopol 940,941 or 980)
but al so gelThorpersisubariviergedepret eabodissat defi vhei vayentgonexanpl e

hydroxymet hWage yehoxygthylor el t HhRSGe Pha hYdEOXYRIEPYA CELhHLABE 625
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refatti ﬁa a@ﬁﬁaél%dangnt"‘iad:)ﬁrdan?gg active ingredient drospirenone
is present completely dissolved. In order to ensure an

adequate solubility of drospirenone with contents of,
preferably, 0.2-2% (m/m) particularly preferably 0.5 to
1% (m/m), in the gel, in addition an ethanol content of
15 at least 60% (m/m), particularly preferably even at

least 65% (m/m), is provided.

Because of the high alcohol content, suitable gel
formers are not only ionic ones based on polyacrylic

20 acid (carbomers or Carbopols, e.g. Carbopol 940,941 or
980) but also gel formers from the group of cellulose
derivatives, for example hydroxymethyl-, hydroxyethyl-
cellulose or hydroxypropylcellulose.

25 Further additives which are particularly suitable are
permeation promoters, refatting agents and

antioxidants.

In order to make it possible for the systems of the
30 invention to be supersaturated with drospirenone during
use, it is preferred to employ a group of low molecular
weight excipients which, on the one hand have good
dissolving capacity for drospirenone, and in addition
escape from the preparation under the conditions of
35 use, either through high volatility or else through
particularly good skin penetration, thus achieving

supersaturation in drospirenone. These preferred
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These solubilizers for drospirenone, which easily
escape from the formulation by evaporation or
transdermal absorption, may 1f required be combined
15 with one or more cosolvents which are neither easily

vaporizable nor capable of good dermal absorption.

Transdermal systems of the reservoir type are a further
preferred embodiment of the present invention.

20
The same statements apply to the contained semisolid

preparation as to transdermal gels.

Reservoir systems can be produced and filled in a known

25 manner.

It has been found that drospirenone on application in a
hydroethanolic vehicle permeates through mouse skin
in vitro almost as well as testosterone. It can be
30 concluded from this that daily doses of drospirenone in
the lower milligram range similar to testosterone can
also be achieved on application in humans. This
unexpected finding is presumably connected with a very
high degree of supersaturation of the active ingredient
35 during drying out of the vehicle on use in conjunction.
Although the mechanism of supersaturation through
evaporation in particular of the alcohol content from

transdermal gels, lotions or sprays is discussed, in
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processing, the determ nations of the solubility of drospirenone in these
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the residues resulting therefrom by drying out are

undertaken on a semitheoretical basis. The semi-

15 theoretical approach consists of taking account only of

the 1liquid ingredients of the formulation for this

examination. In the case of gels, lotions and sprays,

the content of gel- or film-forming or thickening

polymer is usually negligible in terms of quantity, but

20 frequently interferes considerably with the analytical
processing of the samples. A test solution composed

solely of the liquid ingredients is used in the context

of this invention as representative of said
preparations.
25
In the specific case of the formulation from example 2,
the following mixture is investigated as
representative:
30 - Test solution example {(before drying out)
Parts (m/m)
isopropyl myristate 1.00
purified water 23.55%
35 96% ethanol 73.50

* Total of 20.0 g of water plus 3.55 g of water from
3.70 g of 0.1N NaOH (NaOH is not used because this is

sensible only in the presence of the polymer, but in



solely of the liquid ingredients is used in the context of this invention
as representative of said preparations. 25 In the specific case of the
formul ation fromexanple 2, the following mxture is investigated as
representative: 30 - Test solution exanple (before drying out) Parts (nim

i sopropyl mwo stetsy odeA®eurified waterg23. 55 35peGYEpbasgb0z8730 * Tot al
of 20.0 g of water plus 3.55 g of water from 3.70 g of 0.1N NaCH (NaCH is
not used because this is sepnsible only in the presence of the polynmer, but
in WD 2005/ 9FLFPSeTFe W%F%%%?%O%?ighﬁi’sai §iﬁ8§rm€6F&’m€P§éPS a highly
al kal i ne, deem@ipesi.ng nedium. Determ nation of the solubility of
drospirenone in the 5 test solution before drying out is carried out as
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|”"be present. her urt her rospi renone i s added
and the prodeduicws:s repeated. After conpletion of the stirring procedure,
about 15 1.0 ml of test solution is renoved and transferred into a 1.5 m
aut osanpler vial with screw cap. The sanple is finally centrifuged at at

| east 3000 Brosprirenensyt &8 added to about 10 g of ‘weighed test

solution while stirring with a magnetic stirrer bar
10 until a clearly visible sediment 1is formed. This
solution is stirred for at least 24 hours, after which
the sediment must still be present. Otherwise, further
drospirenone is added and the procedure is repeated.
After completion of the stirring procedure, about
15 1.0 ml of test solution is removed and transferred into
a 1.5 ml autosampler vial with screw cap. The sample is
finally centrifuged at at least 3000 G for 10 minutes
in order to deposit the undissolved drospirenone at the
bottom of the sample. The concentration of drospirenone
20 1is then determined in an aliquot of the resulting
supernatant using a suitable HPLC method. The result
corresponds to the saturation solubility of
drospirenone in the test mixture before drying out

(drospirenoneg; [mg/ml]).

25
The condition applying to preparations of the invention
is drospirenoneinir less than/equal to drospirenoneg,
where drospirenonein;r [mg/ml] 1is the initial concen-
tration of drospirenone in the preparation.

30

~ Determination of the solubility of drospirenone in
the liquid test mixture after drying out is carried out

as follows:

35 The test solution is spread in a layer thickness of
about 50 pm on a flat, inert support and dried out for
a defined period at about 32°C (skin surface

temperature) under ambient conditions without covering.



in order to deposit the undissolved drospirenone at the bottom of the
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gel are applied to the upper arm. With the standard
layer thickness of 50 pum defined herein, the theoretical
application area for 5 ml is about 90 cm® (assumed
density of the gel about 0.9 g/cm’), thus achieving an

15 adequate approximation to application in vivo.

In the case of the above test solution example, about

4.36 g of test solution, weighed accurately (weight
Wr1), are spread out in a weighed Petri dish with a
20 diameter of 10 cm (corresponding to 78.53 cm?) ,

resulting in a layer thickness of about 50 pm.

This batch is dried out at about 32°C on a hotplate
over a period of 24 hours (corresponding to once a day
25 application). The amount of test solution and the
diameter of the dish are exemplary and nonlimiting. The
values may be varied within the relationship described.
The test mixture is not mechanically agitated or mixed,
but left to stand at rest, during the test. No special

30 circulation of air over the sample is undertaken.

At the end of the test, the weight of the dried-out
residue of the test solution is ascertained (weight =
Wra) .

35
The drying factor of the test solution is calculated

from the resulting values by equation 1:
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g, weighed accurat Qﬁ/ (weig VR1) , he test solution in the
conposi t | on Wk Y5 E)’{ﬁs%lﬂ’ée ‘SH’Fth r’é’ﬂ%céﬂtiﬁt BYavwgeéphhe@Lsddan
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under s SF %[ ure unti | tctlte ratclio b¥ V\gl ht of thel %Hount IS the sanme
as that & L ¥ ot dFfiaed petio - until the amount

weight (weight = Wgy) remaining in the flask

satlsfles equation 2:

Equation 2: Wrz = Wri/Fp
15
The enlarged batch of the test solution in the
Rotavapor is used to obtain a sufficiently large amount
of residue for the subsequent determination of the
solubility of drospirenone. Operations are once again
20 carried out at 32°C in order to reproduce the evapora-
tion conditions on the skin surface in quantitatively

expedited but qualitatively minimally falsified form.

1.0 g* is removed from the amount of residue finally
25 obtained in the flask and is transferred into a 1.5 ml
autosampler vial with screw cap. 100 mg of drospirenone
are added to this residue. This mixture is subsequently
treated in an ultrasound bath for one hour. The sample
is then 1left to stand under ambient conditions for
30 24 hours. The sample is finally centrifuged at at least
3000 G for 10 minutes in order to deposit the
undissolved drospirenone at the bottom of the sample.
The concentration of drospirenone is then determined in
an aliquot of the resulting supernatant wusing a
35 suitable HPLC method. The resulting wvalue corresponds
to the saturation solubility of drospirenone in the

dried-out test solution (drospirenoneg; [mg/mll).



10 Petri dish over a defined period, i.e. until the amount by wei ght
(weight = WR2) remaining in the flask satisfies equation 2: Equation 2: WR2
= WRL/FD 15 The enlarged batch of the test solution in the Rotavapor is
used to obtain a sufficiently |large amount of residue for the subsequent
det erminati o0 020Q509ER@bi ity of drdspi+enone. BFEYEP2ONS /0 Vrlce again
20 carried out at 32C in order to reproduce the evapora- tion conditions on
the skin surface in quantitatively expedited but qualitatively mnimally

falsified form 1.0 g* is renoved fromthe anount of residue finally 25
obt ai ned i n * hénf |tdsk eweht sthpsndsfess ethant 3 grans gan  hat oxaepiest, vi al

W th screw c%%}-gé)_pl;%rgw drospLreng R aégjte%t thi,s r}@,%igq,t% Ahis
m xture is s sleque IyHértlregt:g%_i n gg'uf%th(raeasoun bgrtlhgpor one h Ur. The
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sanpl e ig fidaldpmGaMdd uges atedbcé@astor308Qafplier 18 MspukgS idE order to

deposit the _undissolved drospirenone_at the bottomof the sanple. The
concent r at i GHF STP TGRS ifor 3 € 1He I FREIH LT SAHEFuot of the

resul ting supernatant using a 35 suitable HPLC nethod. The resulting val ue

corresponds ..to the saturation solupility aof drospirenone.in the .dried-out
Lost sl ut; oY oF GRBE S BRSSO nERHEPT . Feip SRR 089 16808p4 fenone 1
PCT/ EP2005/ )29 7test isvlidte avedtrihgt dmysing hant 1 igr acatanlsdeederimved,

typi cal “hﬁﬂ ' 20Q,. t:he b hin_t ot 0 [ :
cor respgﬁdi ng yﬂé{nc%rgr%ed, Q'g)#ljtphe ﬁt’%al gn%g?%?m nét@jﬁgﬁnitgg?‘é glced offor
exanpl e to S5¥rggpiofencne in the preparation being entered as

drospirenone;nie [mg/ml] :

Equation 3:

15 Fgs = drospirenonejn;: [mg/ml] x Fp/ drospirenoneg; [mg/ml]

Reference is made in the claims of this patent applica-

tion to the supersaturation factor Fgs found in this

way.

20
A value of 5 for Fss means for example that the satura-
tion solubility of drospirenone is exceeded by a factor
of 5 during use of the preparation.

25 - For reservoir-type transdermal patches:

The solubility of drospirenone in the formulation of

the active ingredient reservoir is considered.

30 The semitheoretical approach of investigating a test
solution solely composed of the liquid ingredients as
representative of the semisolid reservoir formulation
applies once again.

The saturation solubility in the reservoir preparation

35 1is determined on this basis in analogy to the deter-
mination of drospirencneg; [mg/ml] in gels, lotions and

sprays, as above.



drospirenone in 0.5 g of dried-out test solution. The supersaturation factor
Fss based on drospirenone in the test solution during drying out is
calculated by 10 equation 3, with the initial concentration of drospirenone
in the preparation being entered as drospirenoneinit [ng/m ] Equation 3: 15
Fss = drospiwemoeg 47199/ ] x FD -drnegspi r enones2crpgkaiops /Bebkarrance i s
made in the clains of this patent applica- tion to the supersaturation
factor FSS fqQund_ in this wa 20 A val ue, of 5 _for Fss means for exanple
that the satﬁ?ea Axyipg sERGBPT| Fy SFPERBSpleERORBTI §NExCEEAET IR td It or  of
5 during useofof thbe dBj’rﬁmift&tatmbn 2Bact &Br FLeseeeiusd Ypke t rarsdeicial

pat ches: The, sol ubi | |tyt Sggplren |n the forn%latlonfof t he ctlve
ingredient|4§ﬁﬁ%of? eﬁ%ﬁm? ecal ap&ﬁ&¥

i nvestigati ruglgacetcbzﬁnt$ol ut| on solely corrposed of the l'iquid ingredi ent S as
representative of the semsolid reservoir formulation applies once again.
The saturation solubility in the reservoir preparation 35 is determned on
thi s basis iThanatbiyyet snpheddensrdepiivariog afregr oshi Fhaomeservieg/mi ] in
gel's, lotions, At $Br WSveAsd ahAYe: VI 200510971984 dite - rBQE/r%%%QOS/ 002971
The drying factor FD appears here for the deter'm nation of
concentrat i GV SR origc, vokthede the Fh%%rvéFFanE?W@§toutWmh?ougﬁhe

transder mal Reyd@AIION BistldUid tREREdRMESed to pure water as
10 acceptor 1liquid at a temperature of 32°C over the
intended period. The intended period is 24 hours for a

system for once daily application.

The system is then weighed (Wgsz) .

15
The drying factor Fp in the reservoir preparation is
obtained from the weight loss found by equation 4:
Equation 4: Fp = Wge/ (Wrp- (Wrs1 - Wrs2) ),

20

where Wgr is the weight of the amount of active
ingredient-containing reservoir formulation contained

in the reservoir system before the test.

25 The saturation solubility of drospirenone in the
concentrated reservoir formulation (drospirenones;) and
the supersaturation factor Fgs are determined in analogy
to the statements concerning gels, lotions and sprays
from equation 1 onwards, with F. appearing instead of

30 Fp.

Exemplary embodiments

Example 1 - Hydroethanolic gel
35
Parts (m/m)
drospirenone 1.0
Testogel® 99.0



5 The active ingredient-delivering area of the reservoir

systemis covered

wth this film and the reservoir systemis weighed in this arrangenent
(WRS1). The reservoir systemis then exposed to pure water as 10 acceptor

liquid at a tenperature of 32C over the intended peri od.

The i ntended

period is 24dauyes fo7896 system for onee daily applirgaipens/boeosmstemis
then wei ghed (WRS2) 15 The drying factor FD in the reservoir preparation is

obtained fromthe weight |oss found by equation 4. Equation 4 : FD = WRF/
(WRF- (WRS1 - WRS2) 20 where WRF is the weight of the anpunt of active

i ngredi ent - gy ﬂé}gn{eeseevomixé@r AUl dtaR, CRtal Netk  icbnkdRe cHRSaRV oI I
system before tge test, 25 T e uratlon olu IllHyéﬁL qios i renone in the
concentrat ed 1 T §Gr N at dﬁﬁ%ﬁ) dtpersat urati on

factor Fss are deternlned in analogy to the statenments concerning gels,

Lot one 210 A LAMA e ] ADUdRo I e Samegiage 1ot end of
drospirenone 1.0 Testogel(r) 99 0 WO 2005/097196 - 13 - PCT/EP2005/002971
Drospirenone g Jigeddl Il s M thh dhe fupgici ally 1.0 g

Carbopol 980 0.90 g

isopropyl myristate 0.50 g

10 0.1N NaOH 4.72 g
ethanol (95% w/w) 72.5 g%
purified water to 100 g

* equivalent to 67 g of ethanol.

15 Example 2 - Polyacrylate-based hydroethanolic gel

Parts (m/m)
drospirenone 1.0
ethinylestradiol 0.1
20 1isopropyl myristate 1.0
Carbopol 940 0.7
0.1N NaOH 3.7
purified water 20
96% ethanol to 100.0

25

Preparation takes place in the manner known to the

skilled worker by dissolving/mixing all the

components

and finally neutralizing the gel former with dilute

sodium hydroxide solution, whereupon gel

formation

30 starts. Isopropyl myristate serves as refatting agent

on the skin.

Drospirenone becomes supersaturated during application

through evaporation of ethanol.

35 Example 3 - Cellulose-based hydroethanolic

gel with

crystallization-inhibiting addition



avai l abl e Testogel and conpletely dissolved therein. 5 Testogel corresponds
inits conposition to Androgel (r): 100 g of gel contain testosterone 1.0 g
Car bopol 980 0.90 g isopropyl nyristate 0.50 g 10 0. 1N NaCH 4.72 g et hanol
(95%ww 72.5 g* purified water to 100 g * equivalent to 67 g of ethanol.
15 Exanpl e Zyo S0 5ASs ¥ 96 e- based hydr aef hanol i ¢ gelor /Raniod s(woBe71
drospirenone 1.0 ethinylestradiol 0.1 20 isopropyl nyristate 1.0 Carbopol
940 0.7 0.1N NaOH 3.7 purified water 20 96% et hanol to 100.0 25
Preparation takes place in the nmannerPadfewn(m/onk he skilled worker by

di ssol vi ng/ raxd 418 @ddode conponents andp fgnally neutralizing the gel
former wth dilute _ sodi um hydroxi de sol ution, whereupon gel formation 30
starts. |sopt %?fsef ate serves as refat®i ng agent on the skin.

Dr ospi r enonecdieciodds suEr sat urat ed duri ng. mpplication through evaporation
of ethangl. .35 Exanpl.e 3 - | | ul ose-based hydroethanolic gel with

crystal | gzat}%q{?’ﬁﬁr?fﬁ?if]i%eg“a ¥5 on WO 20057 097196 - 14 - PCT/ EP2005/ 002971
Parts (m n) water 30.0

96% ethanol to 100.0

Preparation takes place in the manner known to the
10 skilled worker by mixing the gel former methylcellulose
with water and alcohol and finally adding the

excipients and active ingredients.

Ethyl oleate serves as permeation promoter.

15
Drospirenone becomes supersaturated during application
through evaporation of ethanol.
Example 4 - Reservoir system-type transdermal patch
20
drospirenone 5.0 mg*
96% ethanol about 196 pl
Androderm 1 x 2.5 mg patch

25 The protective cover 1is removed from a previously
accurately weighed Androderm patch and, with the now
exposed membrane lying on top, the contents are allowed
to evaporate wunder ambient conditions until about
180 mg of the contents have evaporated. The reservoir

30 1is then covered again with the protective film. This
pretreatment is necessary in order to create sufficient
space in the reservoir for the subsequently described

addition of drospirenone solution.

35 100 mg of drospirenone are dissolved in 4 ml of ethanol
96% by exposure to ultrasound. About 500 pl of this
solution are drawn into a 1 ml disposable syringe with

fitted steel needle (0.9 x 40 mm).



drospirenone 0.5 ethyl oleate 2.0 Collidon 12 PF 0.5 5

hydr oxyet hyl cel lul ose 1.0 water 30.0 96% ethanol to 100.0 Preparation
takes place in the manner known to the 10 skilled worker by m xing the gel
former nmethylcellulose wth water and al cohol and finally adding the

exci pi ents aud 2005 A7 18 edi ents. Et-hyls ol eat e sepeegEagopsyovatsi7an
pronmoter. 15 Drospirenone becones supersaturated during application

t hrough evapgrati on of ethanol, Exanple 4 - Reservoir systemtype

t r ansder nal %%ﬁc?ﬁs%vﬁﬁsﬁgr EHSnél*rgi.or(?dr?&m Y% th%nBPgﬁbé’HPc¥8%qd
Andr oder m 1 wi th Sthgspadehidye Thand oabetit v oxoydr b$§ resinvieibrd r @hea

previ ously .ac.curat(gl Y wei gpled Andr.oder m pat ch and v(\%/et h the.n exposed
p,

, w
menbr ane Iyilnndeocntet Pt Re TESnt S S At e al I onwed 15t & ap%?%f’ébgﬁdéory anbi ent
condi tions yntdrdcialppuan BHngiafal heeobnientisnhdwel @vaportEiedp e
reservoi p 3Q,)5. 4 hep covared,agahn with g)*}%s%ﬁq%t eqt V‘Ep‘é‘ | '%‘emIE!oﬁidh
pretreatiment 1's necessary In order to create sufficient ™ space inthe
reservoir faoresdrasidbsequently described addition of drospirenone sol ution.
35 100 ng of drospirenone are dissolved in 4 m of ethanol 96% by exposure
to ultrasound. About 500 | of this solution are drawn into a 1 nl
di sposabl e &yrPdgeeani e tesa film is then stuck over the two

puncture sites. The contents of the reservoir are mixed
10 Dby cautious kneading with the fingers for some minutes.
The system is equilibrated under ambient conditions for

at least 24 hours before use for the experiment.

Drospirenone becomes supersaturated during application
15 of the system substantially through the transdermal
absorption of ethanol, which proceeds considerably more

quickly than that of drospirenone.

Example 5 - Transdermal spray

20

Parts (m/m)

drospirenone 0.5
ethinylestradiol 0.1
oleyl alcohol 1.0

25 1,2-propanediol 0.5
96% ethanol 60.0
dimethyl ether to 100.0

Drospirenone becomes supersaturated during application
30 substantially through evaporation of ethanol. Dimethyl

ether serves as propellant for the spray.
Example 6
35 The formulation of example 1 was investigated for in

relation to the permeation of drospirenone compared

with testosterone through mouse skin - see figure 1.



fitted steel needle (0.9 x 40 mm. WD 2005/097196 - 15 - PCT/ EP2005/ 002971
The reservoir of the Androderm patch is then punctured wth this syringe,
.and about 200 | of solution are injected into the reservoir. This is nmade
possi ble by piercing an additional ventilation hole at the place 5 where
the air bubW@® APAEEERE i n the senisdlé d reservECT/ER2008¢008P9Tlesa fil m
is then stuck over the two puncture sites. The contents of the reservoir

2;; rerimxleg eqwc%mbr g{}edqﬁder aqni)l en\tﬁgrtegj yétl éﬁ{;g fs fg{ rrEjeas ?f}éhour sThe

bef ore use1ﬁﬂpk1ﬁde&%eﬂudﬁnmwuﬂﬁc%%umewbhéhb@@ﬁnﬁﬂxﬂ¢ea§amﬁﬁaﬁ@d during
appl i cat i on chrd mdnbf 3 LEMRLSt A 1l dny LGl ddie daansder mal

absorption of ethanol, which proceeds considerably nore quickly than that
of drospirenone. Exanple 5 - Transdermal spray 20 Parts (mm drospirenone
0.5 ethgnylesd r adis@l1 t@ 1inol eyhuakcohokrd. OcRS Livisidpnaned oh Q. 5 96%

et hanol 60.0 dinethyl ether to 100.0 Drospirenone becones supersaturated
during appl i€RSOMEEF subst anti al |y through evaporation of ethano

D nethyl ether serves as propellant for the spray. Exanple 6 35 The
fornulationéﬁiﬁ?aﬂgﬂgél %@asgnv%ﬁgkgat%%éégbinNMRI—nu/nu, Harlan
Bioservice, Walsrode
10
Acceptor medium for the Franz cells:
potassium chloride 0.6 g
potassium dihydrogen phosphate 0.09 g
sodium chloride 10.905 g
15 sodium hydrogen phosphate dihydrate 0.09 g
HEPES 8.94 g
gentamicin sulfate 0.075 g
y-cyclodextrin 7.5 9
Agua purificata to 1500 g
20
Samples each of 100 pl were taken from the acceptor
medium of the Franz cells by an automatic sampling
system at times 3, 6, 9, 12, 15 and 18 hours and
injected into an automatic HPLC.
25
HPLC method:
column LiChrospher 100 RP 18,
5 pm, 125 x 3 mm
mobile phase acetonitrile/H20 (40/60)
30 flow rate 1 ml/min
temperature 40°C
vol. injected 100 pl
detection wavelength (UV): 244 nm (testosterone),
261 nm (drospirenone)
35

Example 7:



relation to the perneation of drospirenone conpared wth testosterone

t hrough nouse skin - see figure 1. WD 2005/097196 - 16 - PCT/ EP2005/ 002971
About 200 ng of the preparation of exanple 1 were applied to nude nouse
skin which was fixed as pernea- tion nmenbrane in nodified Franz perneation

cells. 5 Thenoesabs 09T ésgure 1 are they averages oloTyEp2005900XdMENLS.
Skin: nude nouse skin, HsdCpb NWRI-nu/nu, Harlan Bioservice, Wl srode 10

Acceptor nmedium for the Franz cells: potassiumchloride 0.6 g_ potassium

di hydr ogen phRph&EEGaG30F ShdicABHiorl d¥ad0 1008 sF 1858 E&50T BRF hyh ogen
phosplhaée di fyrhied en 0.409 gheHEﬁfésmaa%og @gntmgpm@wzf@t Q:d?n;%h}cg |
y-cycl odextrin .7.5 gua purificata to 1500 20 Sa es_each .of 100
her e taken (¥0iH; FETRRRERTRRE RBAIGIAS! The" B SRDSEE| LU IRA LaForfat | o
sanpling syStem abshetgs Fedyjctdorl2, débmandmiB8eHowrs abhduti Mjscted i nto an

automati ¢ HR od: I | Chrospher 100 RP 18, 5 m 125 x 3
o obi | 8 phiéa&e%g%%ﬁ%%gﬁt”g/ HZ%%%%%U)% q§0 flowrate 1 m/nin

Tab. 1: Permeation of testosterone from example 1

through human skin:

Average cumulative permeation [ug/cm?] of 1%
10 testosterone in Testogel (K2053) through dermatomized

human skin

Time [h] Average SD RSD [%]
0 0.00 0.00 -
3 3.62 1.24 34
7 7.72 2.21 25
10 10.70 2.34 22
24 26.57 6.72 25
30 33.31 7.06 21
48 44 .35 10.03 23
Tab 2: Permeation of drospirenone from example 1

through human skin:
15 Average cumulative permeation [ug/cm?] of 1%
drospirenone in Testogel (K2053) through dermatomized

human skin

Time [h] Average SD RSD [%]
0 0.00 0.00 -
3 0.87 0.34 39
7 2.04 0.68 33
10 2.86 0.75 26
24 8.67 2.19 25
30 12.13 2.64 22
48 19.23 4,03 21

It can be concluded from these data that on application
20 to human skin the permeation of drospirenone is up to
40% of that of testosterone. Since Testogel 1is

authorized for administering 5 to 10 mg per day, it can



tenperature 40C vol. injected 100 | detection wavelength (UW): 244 nm
(testosterone), 261 nm (drospirenone) 35 Exanple 7: WD 2005/097196 - 17 -
PCT/ EP2005/ 002971 The formul ati on of exanple 1 was investigated for in
relation to the perneation of drospirenone conpared wth testosterone on
human skin (emdes aomaal skin fromgeosneti c r edeykpeinos¢ebadtam zed to
about 450 m 5 layer thickness) - see figure 2. Tab. 1: Perneation of
testosterone fromexanple 1 through human skin: Average cunul ative

per meat i on [Rf cpepchadad, thgty et o9 4 TEEPBEFeLRPD53RNL AR N

der mat oni zedthe hugBRigksteFefe [dHarM@aga 13D RSP [ ¥hiO O0£&Pm0. 0@ te 3 3. 62
1.24 34 7 7.72 2,21 29 10 10.70 2.34 22 24 26.57 6.72 25_30 33.31 7.06
21 48 44. 35T TAPPLIGSE R i9n GPRHESSRNGHY f PSheSri e 1

t hr ough humannakits dib Aussmigeereiimall ad | dteuperatatpars {lglen?] of 1%
drospirenone in Testogel (K2053) through dermatom zed human skin Tinme [h]
Aver age SD RSD [ 9]



0 0.00 0.00 - 3 0.87 0.3439 7 2.04 0.68 33 10 2.86 0.75 26 24 8.67 2.19
25 30 12.13 2.64 22 48 19.23 4.03 21 It can be concluded fromthese data
that on application 20 to human skin the perneation of drospirenone is up to
40% of that of testosterone. Since Testogel is authorized for admnistering

5to 10 ng peo Zeys/097cee WO 2005/ 097196 - 18 - PEHIFRIOVD)QAEY 1 be
concl uded that about 3-5 ng/d drospirenphne. can also be adm nistered

transdermally in this form The transdernal application of contraceptively
effective anounts of drospirenone i scidusss made possi ble. WD 2005/ 097196
PCT/ EP2005/ 002971 - 19 dainms 1. A pharnmaceutical preparation for
application to the skin having a content of drospirenone, 5 characterized
in that the amount ofhamesputeareie peepbabnedn nfohe gPrEbbdation itot he
initial stat t hereof is.not. _above the_saturation.solu iIit.)Q, while the

|

saturation solubilF %/nof &ng}ﬁlﬁr endhe i%o%a%%%dedOfafterrof‘;?ﬁ Cation of the
pr epar at iSon ¢latdetaskized 0 fhr otdglatef fdhex odmswhiubi bifzi mgosmipementss from

the preparatinn;f.q The, Pharmesutical . prepanation, as glajied Ja,glaim 1
; e ; ; '
characteri zedél i aC% t'he satur |odna SOtIIECE)I I |aJIy 0 1§Ln§‘rosap| renone in the
preparationthﬂr¢gﬁa@pHnﬂﬁi@pr% the saturation solubility, while
the saturation solubility of drospirenone is exceeded
after application of the preparation to the skin

10 through efflux of solubilizing components from the

preparation.

2. The pharmaceutical preparation as claimed in claim
1, characterized in that the saturation solubility of
15 drospirenone in the preparation during application is
exceeded by a factor of at 1least 5, preferably by a

factor of at least 10.

3. The pharmaceutical preparation as claimed in claim
20 2, characterized in that the saturation solubility of
drospirenone in the preparation during application is
exceeded by a factor of at least 2, preferably by a

factor of at least 5, after only 1 hour.

25 4. The pharmaceutical preparation as claimed in one
or more of the preceding claims, characterized in that

it has a content of ethanol or isopropanol.

5. The pharmaceutical preparation as claimed in one
30 or more of the preceding claims, characterized in that
a crystallization-inhibiting addition in relation to

drospirenone is present.

6. The pharmaceutical preparation as claimed in one
35 or more of the preceding claims, characterized in that
the crystallization-inhibiting addition is a soluble

polyvinylpyrrolidone.



exceeded by a factor of at least 5, preferably by a factor of at |east 10.
3. The pharnmaceutical preparation as clained in claim 20 2, characterized
in that the saturation solubility of drospirenone in the preparation during
application is exceeded by a factor of at least 2, preferably by a factor
of at least 5, after only 1 hour. 25 4.20The pharmaceuti cal preparation as
claimed in one or nore of the preceding clains, characterized in that it
has a content. of Brhapbbroacesdpreparmiepdatiimm paar meleamatalnpragar at i on

as ol ai med i3 gre 30 0% HIDNe lod e, PELsel NdckhaliBer chanagherizad in that

a crystallization-inhibiting addition in relation to drospirenone is
present. 6. Thddphaft rEkRHMe 0L Rlepfatt RaPIARGIePT PSS or nore of
the preceding clains, characterized in that the crystallization-inhibiting
addition_is a soluble . polyvinyl rolidone. 20 7. The phaynaceuti cal

or epar at Pon s ol HreBRPATBHE U d P forRE A TGt eC8diTIg TR min  one
characteri zetlr i iotdabf ithehagrecehimendladimal tkasicoaei pedneat itdatpr onot er.
5 8. The pharmaceutical_pr.e o?lé?#i on as clained.in 3ne nor e of the
precedi ng cl’ai ns-° cifar fcqong'r i PRGN s & séliSsoliCd br Efar &1 on i n
the form of alcoladlolhmitaiontirag gely. gel . 10 9. The pharnmaceuti cal preparation
as clainmed in one or nore of the preceding clains, characterized in that

it is a liquid, alcohol-containing preparation in the formof a |lotion, of
a foam &P of9.a spity. pharmeceThecphamrerandtcsn prepalatiimed astnclagiared in

one or more of the preceding claims, characterized in that
it is a liquid, alcohol-containing preparation in the

form of a lotion, of a foam or of a spray.

15 10. The pharmaceutical preparation as claimed in one
or more of the preceding claims, characterized in that
it is a 1liquid or semisolid, alcohol-containing
preparation as constituent of a transdermal patch of
the reservoir system type.

20
11. The pharmaceutical preparation as claimed in claim
10, characterized in that the saturation solubility of
drospirenone in the preparation during application is
exceeded by a factor of at least 1.5, preferably by a

25 factor of at least 2.

12. The pharmaceutical preparation as claimed in any
of claims 9 to 11, characterized in that the alcoholic
preparation has an alcohol content of at least 60%

30 (m/m), preferably of at least 65% (m/m).

13. The pharmaceutical preparation as claimed in one
or more of the preceding claims, characterized in that
an estrogen is present in addition to drospirenone.

35
14. The pharmaceutical preparation as claimed in claim
13, characterized in that during application to the
skin there is 1likewise a transition in the estrogen

content from the subsaturated or just saturated state



or nore of the preceding clains, characterized in that it is aliquid or
sem solid, alcohol-containing preparation as constituent of a transder mal
patch of the reservoir systemtype. 20 11. The pharmaceutical preparation
as claimed in claim 10, characterized in that the saturation solubility of
drospirenone in the preparation duringZdpplication is exceeded by a factor
of at least 1.5, preferably by a 25 factor of at least 2. 12. The

phar maceut i délt pridparsinsrasidtehettateany of claims 9 to 11,
characterized in that the alcoholic preparation has an al cohol content of
at least 60% 30 (mm, preferably of at |least 65% (mm). 13. The

phar maceut i dal - prigffarRidore a1 et & b $PR el Or 2fofdadfetnd Npfedddi ng
claims, chariactestzethjn ¢hatacedresédogen i shptesent i Bsagddigehon it

dr ospi repone. .35 ]14ﬁ§The phar maceuti cal preparation as clainmed in claim 13,
char act ePi z&F FTPYHYRAT TR Hy application to the skin there is |ikewise a
transition in the estrogen content fromthe subsaturated or just saturated
state 21 - into the supersaturated state. 15. The pharnaceutical preparation
as claimed in claim 13 or 14, characterized in that the estrogen is 5

et hi nyl estradi ol .





