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<F 159) Abstraxz ct: An improved Transdennal Dwelivery System (TDS)

comprisin g a backing layer inert tc> the components of the ma-

trix, a self-a_«dhesive matrix containing rotigoztine and a protective foil or sheest to be removed prior to v-ase, characterized in that the
self-adhesivee matrix consists of a solid or sermi-solid semi-permeable polymem (1) whercin rotigotine ir its free base form has been
incorporatec, (2) which is saturated with rotigzotine and contains said rotigotin e as a muliitude of micro=reservoirs within the matrix,
(3) which is  highly permeable for the free bzase of rotigotine, (4) which is irmpermeable for the protor—ated form of rotigotine, (5)

wherein the maximum diameter of the microzxeservoirs is less than
enhanced fli_ax of rotigotine across the TDS/s kin interface.

=

the thickne=ss of the matrix. is provi _ded. Said TDS provides for
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Improved Transdermal Delivery Syste-m for the Adminisstration
of Rotigotin e

FZIELD OF INVENTION_

Tke present invent ion relates to an improved transdermal
de=livery system fo r rotigotine. Mor-eover, the invent—ion

re=lates to a metho d of treatment usimg the transdermaal

de=livery system.

TESCHNICAL BACKGROUND

T date, various txansdermal deliver—vy systems (TDS) £or the
acdministration of —rotigotine have bee=n described.

WO 94/07468 discloses a TDS containimng rotigotine
hy~sdrochloride as a«ctive substance in a two-phase matr-ix,
which is essentialdy formed by a hyd—rophobic polymer material
ass the continuous phase and a dispers=se hydrophilic plaase
contained therein =nd mainly contain—dng the drug and hydrated
si_lica. The silic& is said to enhancce the maximum pcossible
lcoading of the TDS with the hydrophilic salt. Moreovwer, the
foormulation of WO9=/07468 usually corntains additional_
hy=drophobic solventcs, permeation prormoting substancess
di_spersing agents and, in particular,. an emulsifier wehich is
re=quired to emulsixy the aqueous soluition of the acti ve
coomponent in the l=pophilic polymer hase. A TDS pre=pared by
ussing such a systerm has been tested In healthy subjec:ts and
Pa_rkinson's patientcs. However, no s&atisfactory drug plasma

le-vels were achieve=d.

Va rious further TDS have been descriloed in W099/49852 . The
TD S used in this patent application comprises a backi ng

la yer, inert with r—-espect to the consstituents of the mwmatrix,
a self-adhesive mat=rix layer containi ng an effective quantity
of rotigotine hydrochloride or rotigcotine, which cont ains a
suTbstantial amount of rotigotine hydr—ochloride (>5 % ~w/w),

an-d a protective fi lm, which is to be= removed before -—use.

AMENDED SHEETT
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The wmatrix system is compo-sed of a non-acjueous polymer
adhe=sive system, based on acrylate or siZlicone, with a
solulbility of rotigotine o f at least 5% wv/w. Said matrix has
been described as being es sentially free of inorganic
silictate particles. Howev er, even the TIDS described in

WO99 /49852 leave something to be desired as regards the

obta—-inable flux rates of d rug across humz=an skin.

In tlnhe TDS according to WO 94/07468 and meany related

appliications, passive diffwsion membraness were used.

Howexvser, as the skin is to be seen as a vwrery efficient
barrmer for most drug cand-idates, such ty=pe of membrane
contr-olled systems are more or less limit-ed in practice to
transsdermal delivery of actzive substancess that reveal a very
high skin permeability. Acdditionally, speecial requirement=s

on dr-ug release kinetics have to be met 1 ike contact delixvery

over several days.

An okoject of the present irvention is to control (i.e. to
canal. ise/manoceuvre) the transport of roti gotine towards arad
acros s the skin from a drug reservoir, th ereby enhancing t=he

flux of rotigotine across t=he TDS/skin in terface.

A fur ther object and aspecte of the presen—t invention is to
provi de a suitable compositzion and manufaecturing methods of
polym er matrices in TDS whi ch lead to an eenhanced delivery— of

rotigeotine to and across tlme skin by

(1) preventing back d_iffusion of the drug portion wh_ich
is ionized in the skin accordincy to its pKa valu e -
from the skin tis sue into the TI[DS,

(ii.) offering continuo us delivery of the active compo und
across the stratu m corneum not conly via the comm on
more lipophilic r oute (e.g. intesrcellular) but a lso
through hydrophil ic pores (e.g. eccrine sweat

glands) .
AMENIDED SHEET
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SUMMARY OF THES INVENTION

These objects are solved by providirag a TDS compri sing a
backing layer inert to the component=s of the matri.x, a self-
adhesive matri_x containing rotigotire and a protec tive foil

or sheet to be= removed prior to use,.
characterized in that

the self-adhessive matrix consists off a solid or semmi-solid

semi-permeable= polymer

(1) whe rein rotigotine in itses free base forrm has been
inc orporated, '

(2) whi ch is saturated with r-otigotine and —ontains
sai-d rotgotine as a multi tude of microre=servoirs
witZhin the matrix,

(3) whi ch is highly permeable= for the free I—ase of
rot_igotine,

(4) whi=ch is impermeable for the protonated form of
rot_igotine,

(5) whe—rein the maximum diame ter of the

mic—roreservoirs is less t han the thickness of the

mat—rix.

BRIEF DESCRIPT JON OF THE DRAWINGS

Fig. 1 shows tZhe effect of the protoenation of roticgotine in
the semi-permeesable matrix on the dru.g absorption.

Fig. 2 shows tIhe impact of the size distribution off the
microreservoirss in the semi-permeabl e matrix on the= drug

absorption.

Fig. 3 shows thhe effect of reducing the amount of t=he
protonated formn of rotigotine in the semi-permeable= matrix
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and reducirag the size of the micxrroreservoirs on t he drug

absorption.
Fig. 4 shows a microscope image —f a conventional TDS.

Fig. 5 shows a microscope image of the TDS accord_ing to the

invention.

Fig. 6 shows the effect of reduc3Hng the amount of the
protonated form of rotigotine in the semi-permeab le matrix
and reducirag the size of the micr—oreservoirs on t he in vitrc

skin permez=tion of the drug.

Fig. 7 shows a comparison of the in vitro skin pe rmeation off
rotigotine for the TDS of the inwwention and an ac rylate-base=d
TDS.

DESCRIPTION OF THE INVENTION

The present— invention provides a TDS providing a high steady=
state flux rate of rotigotine over the TDS/skin i nterface.

Surprisinglly, it was found that drug release prop-erties of am
TDS having a silicone-type adhes—ive matrix contai ning

rotigotine can be significantly enhanced by

(1) minimi_zing the amount of rotcigotine which is present im
the pr-otonated form (salt foorm);

(2) incorroorating rotigotine in a multitude of
microrreservoirs within the =self-adhesive mat rix
consissting of a solid or sermni-solid semi-per—meable

polymear.

The impact of above described mesasures on drug re=lease
characterisstics of rotigotine in vivo is illustra_ted in

Figs. 1, 2 and 3. The relative cdrug absorption i n vivo was
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highest feor the sample accordirmg to the inventi.on; increase
of the si=ze of the microreservcoirs and/or the a mount of drug
salt resicdues in the TDS led to slower initial drug release.

Based on ®he above findings, tlme present invent ion was
accomplished.

When usingg the TDS, according t-o the present in vention, a
high transsfer of rotigotine frosm the silicone m_atrix into the
outermost skin layer can be ach:-ieved. Conseque ntly, plasma
values of rotigotine are sufficient to allow fo r a reasonable
expectation that an efficient t reatment with fe—wer side

effects caan be provided.

The drug —ontained in the TDS a ccording to the invention is
5,6,7,8-tetrahydro-6- [propyl-[2 -(2-thienyl)ethy 1] amino] -1-
naphthalernol (INN: rotigotine). Rotigotine is a dopamine D2
receptor &=ntagonist, which is u seful for exampl-e in the

treatment of Parkinson's diseas e.

It should be understood that th e term "treatmen-t" in the
context off this application is meant to designa—te a treatment
or an allesviation of the symptoms. The treatmemt may be of a

therapeut M ¢ or prophylactic nat-ure.

It will bes understood by a pers-on skilled in thee art that
rotigotine exists in various is-omeric forms. I+t has to be
understoocd that any single isom-er or a mixture of different
isomers ma=y be used in the TDS .according to the invention.
Hence, the S- or R-enantiomer o—xr the racemate o—r any other

enantiomer— mixture of rotigotinee may be used.

At least = part of rotigotine i.s contained in a multitude of
microreser—voirs distributed witThin the self-adhe=sive matrix
of the TDSS according to the inveention. This doe=s not exclude
and will roormally even imply thaat a certain fraction of
rotigotines is dissolved in the =so0lid or semi-so’lid semi-
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permeable polymer of the mattrix at its satu.ration

conc=entration.

Witlmin this specification "ricroreservoirs" are meant teco be
unde=rstood as particulate, spatially and fu._nctionally
sepamrate. compartments consissting of pure dr-ug or a mixtwire of
drucw and crystallization inhibitor, which a re dispersed in
the self-adhesive (polymer) matrix. Prefer—ably the sel—=f-
adhe=sive matrix contains 10=3 to 10° microre servoirs per cm?
of i_ts surface, particularlsy preferred are 106 to 10°

micr-oreservoirs per cm?.

Roti gotine is incorporated -—in the self-adhe sive matrix —in its
free= base form. This does rwot totally excl ude the preseence
of s=ome residual salt form of rotigotine in_  the final TEDS.
Howe=ver, the salt form of rotigotine should. be containeed in
the self-adhesive matrix of the final TDS i n an amount o=of

pref~erably less than 5 %, more preferably 1 ess than 2 % ,
part—icularly less than 1 % (w/w).

If r-otigotine is present in the self-adhesi ve matrix in its
prot=cnated (salt) form, it will not be rele—ased by the :self-
adhe=sive matrix. Thus, the amount of the ss=alt form of

roti gotine can be determined by performing a drug disso_lution
tegt= according to the Paddle over Disk metlmod as descri_bed in
the United States Pharmacope=ia (United Stat-es
Phar-macopeia/New Formulary (USP25/NF20), Clmapter 724 "D-xug
Relesase", United States Phaxrmacopeial Conve=ntion, Inc.,
Rockszville, MD 20852, USA (2002)), using thes following
conAitions: disscolution medzium: 900 ml phossphate buffer

pPH @& .5; temperature adjusteed to 32  0.5°C; paddle rotattion
spee=d: 50 rpm; sampling timess: 0.5, 1, 2 armd 3 h,
respoectively. The increase in the eluted r—otigotine
conccentration can be used to calculate the amount of

unpr-otonated rotigotine in -the matrix.
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The amount of the salt form of rotigot-ine may be reduced e.g.
by reducing the w-ater content of the mmass containing t=he drug

and organic solve nt(g). In a particul arly preferred

.embodiment of the invention the water content is reduc—ed

during manufactur e to preferably less than 0.4 % (w/w)»@®, more
preferably less t-han 0.1 %, of the mas s.

A further step, w_hich may be taken for- reducing the armount of
the salt form of xrotigotine, is isolat ing the free basse form
of rotigotine in solid form prior to t he preparation —f the
TDS. If the free base of rotigotine i s produced in sdtu
during the manufa cture of the TDS by n eutralizing an =acid
addition salt, a certain residue of th e ionized drug Form
will remain in th-e polymer matrix (usu ally > 5 % (w/w)» and up
to approximately 10 %). Therefore, such in situ prep=ration
of the free base form will generally n ot be suitable f£or

practising the pr-esent invention.

The maximum diame-ter of the microreser—voirs is less tlnan the
thickness of the mmatrix, preferably up- to 70 % of the
thickness of the wmatrix, particularly preferably 5 to 60 % of
the thickness of —the matrix. For an excemplary thicknesss of
the matrix of 50 _um this corresponds t o a maximum diammeter of
the microreservoi—rs in the range of pr-eferably up to =35 um.
The term "maximum diameter"” is meant t o be understood as the
diameter of the m.icroreservoirs in one dimension (x-, y-, or
z-dimension), whis-ch is the largest. I t is clear to tle
skilled person th.at in case of spheric al diameters the
maximum diameter ~corresponds to the mi croreservoir's

diameter. Howeve—r, in the case of mic roreservoirs, whliich are
not shaped in the form of spheres — 1. e. of different
geometric forms - , the x-, y- and z-di mensions may vaxr—y

greatly.

As the maximum di.ameter of the microre servoirs in the
direction of the ecross-section of the matrix, i.e. bet—ween
the release surfasce and the backing la ver, is less th==an the
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thickness of t’he matrix, direct co ntact betwesen the skin and
the basic micreoreservoirs containimg rotigot—ine is avéided,
if not at all jyprevented. Owing to the sligh®ly acidic pH of
the skin, direect contact between t”he skin an—i the
microreservoirass in the matrix lead.s to protormation of
rotigotine, thesreby deterioréting the semi-pesrmeability o=f .

the matrix.

In a particulamly preferred embodimment of the= invention, the
mean diameter of the microreservoi—rs containing rotigotin_e
distributed in the matrix is in the range of 1 to 40 %, e—ven
more preferablws 1 to 20 %, of the %khickness of the drug-
loaded self-adlnqesive matrix. For an exemple=ary thickness of
the matrix of =0 um this corresponcds to a mes=n diameter o f
the microreser~xsoirs in the range o#¥ preferabl y 0.5 to 20 Am.
The term "mean diameter" is definecl as the me=an value of —the
X,Y,z-average iameters of all micmoreservoir—s. The targest
particle size can be adjusted by thlhe solids content and

viscosity of tlme drug-containing coating mases.

The maximum ancl mean diameters of t—he microre=servoirs as wwell
as the number —f microreservoirs pesr surface area of the
self-adhesive matrix can be determi ned as fol_lows: The
release liner i_s removed from the T°DS, and thae free adhes—ive
surface is examined with a light mi_croscope ( Leica microscope
type DM/RBE equmipped with a camera type Basle-=r A 113C). “The
measurement is performed by incidermtal polari zed light
analysis using a microscope at 200x= magnifica tion. A pictuire
analysis is per—formed using the sofftware Niko n Lucia Di,
Version 4.21, r-esulting in mean and maximum d_ iameters for

each sample.

The TDS of the present invention iss of the "m._atrix" type. In
such matrix typ e TDS the drug is di_spersed in a polymer
dayer. The TDS of the matrix type in their s implest versi_.on
.comprigse a one-:phase (monolayer) ma_trix. The—y consist of a
acking layer, a self-adhesive matr-ix contain ing the activee
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agent and am protective foil or ssheet, which i=s removed before

use.

Versions tlmat are more complicat-ed comprise mualti-layer
matrixes, weherein the drug may Ime contained iri one or more
non-adhesiv-e polymer layers. Th.e TDS of the poresent
invention i s preferably a one-ph.ase {mono layer) matrix

system.

The solid o r semi-solid semi-permeable polymer— of the self-
adhesive ma trix has to satisfy t he following r—equirements:

1. Suffic.ient solubility and p-ermeability fcor the free base

form o. f rotigotine.
2. Impermeeability for the proteonated form of: rotigotine.

In a partic-ular preferred embodimment of the irmvention the
self-adhesi—ve matrix is free of —pparticles that_ can absorb
salts of ro—tigotine on the TDS/sZkin interface. Examples of
particles tzhat can absorb salts «f rotigotine on the TDS/Skin
interface imnclude silica. Such yparticles that. can adsorb
salts of rottigotine may representt diffusion ba_rriers for the
free base foorm of the drug and may result in t he formation of
channels inciucing some permeabil Jty of the sel f-adhesive
matrix for #he protonated form o—f rotigotine. Such
embodiments are therefore disadvaantageous for :practising the

invention.

The self-adlknesive matrix of the TIDS of the pre sent invention
consists of a solid or semi-solid semi-permeab le polymer.
Usually thiss polymer will be a prressure sensit ive adhesive
(PSA) or a rmixture of such adhesives. The pre ssure sensitive
adhesive (s) form a matrix in which the active ingredient and
the other coomponents of the TDS &=re incorporateed.
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The adhesizse used in the presemt invention staould preferably
be pharmacesutically acceptable in a sense th=at it is
biocompatilole, non-sensitising and non-irritaating .to the
skin. Part-icularly advantageowus adhesives fcor use in the
present invrention should further meet the fol lowing
requirement=s: |

1. Retairmed adhesive and co-adhesive proper—ties in the
bpresermce of moisture or pesrspiration, unuider normal

temper—ature variations,

2. Good ¢ ompatibility with rotigotine, as w—ell as with the
furthe r excipients used ira the formulati on.

Although di fferent types of pressure sensitiv—e adhesive may
be used in the present inventicn, it is prefe rred to use
lipophilic adhesives having bot=h a low drﬁg a:nd low water
absorption capacity. Particular preferably, the adhesives
have solubi lity parameters which are lower th.an those of
rotigotine. Such preferred preessure sensitiv.e adhesives for
use in the ™IDS of the present i.nvention are s ilicone type
pressure semsitive adhesives. Especially pre—ferred pressure
sengitive asdhesives for use in the TDS of the invention are
of the type forming a soluble p>olycondensed
polydimethyTlsiloxane (PDMS) / r-esin network, wwherein the
hydroxy growmups are capped with e.g. trimethylesilyl (TMS)
groups. Prezferred adhesives of this kind are the BIO-PSA
silicone pre=ssure sensitive adh esives manufactfured by Dow
Corning, pazxrticularly the Q7-42 01 and Q7-4301 qualities.
However, otkier silicone adhesiv-es may also be used.

In a furthemr and especially pre ferred aspect, two or more
silicone adknesives are used as the main adhesXive components.
It can be acdvantageous if such a mixture of siilicone
adhesives ccomprises a blend of high tack silic—one pressure
sensitive acdhesive comprising pelysiloxane wit—h a resin and a
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medium tacmk silicone type pressur—e sensitive adhe=sive

comprisings polysiloxane with a resin.

Tack has beeen defined as the prorpoerty that enable=s an
adhesive t-o form a bond with the surface of anotlner material
upon brief contact under light pr—essure (see e.g. "Pressure
Sensitive Tack of Adhesives Usincg an Inverted Prcobe Machine',
ASTM D2979--71 (1982); H.F. Hammorad in D. Satas "Hlandbook of
Pressure S.ensitive Adhesive Techraology" (1989), 2=0d ed.,
Chapter 4, Van Nostrand Reinhold, New York, page 38).

Medium tac:k of a silicon pressure sensitive adhessive
indicates that the immediate bondA to the surface of another
material i s weaker compared to hi.gh tack silicon adhesive.
The mean r—esin/polymer ratio is =approx. 60/40 for— medium tack
adhesives, whereas it is approx. 55/45 for high t_ack
adhesgives. It is known to the skzilled person thaat both tape
and rheolo-gical properties are si.gnificantly infl uenced by
the resin/ polymer ratio (K.L. Ulmian and R.P. Swee=t "The
Correlatioen of Tape Properties arad Rheology" (199e8),

Informatio-n Brochure, Dow Cornincg Corp., USA).

Such a ble-nd comprising a high arad a medium tack silicone
type press ure sensitive adhesive comprising polyssiloxane with
a resin 1s advantageous in that it provides for t_he optimum
balance be.tween good adhesion anda little cold flumx.
Excessive c¢old flux may result ira a too soft patc=h which
easily adh_eres to the package or to patient's gar—ments.
Moreover, such a mixture seems to be particularly— useful for
obtaining higher plasma levels. A mixture of the=

aforementi oned Q7-4201 (medium taack) and Q7-4301 (high tack)
proved to be especially useful as=s a matrix for thee TDS

according to the present inventicn.

In a furth_er preferred embodiment=, the TDS furthe=r includes a
crystalliz. ation inhibitor. Sevexr-al surfactants cor
amphiphili ¢ substances may be use=d as crystallizastion
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inhibitors. Thaey should be pharmmaceutically acceptable and
approved for us:e in medicaments. A particularly~r preferred
example of such_ a crystallizatiora inhibitor is ssoluble
polyvinylpyrrol idone, which is commercially avai_lable, e.g-
under the trade:mark Kollidon® (Bayer AG). Other— suitable
crystallization inhibitors include copolymers of=
polyvinylpyrrol idone and vinyl acetate, polyethy=leneglycol,
polypropylenegl ycol, glycerol andd fatty acid est—ers of
glycerol or cop olymers of ethylerae and vinyl ace=tate.

The device of t he present inventi on further comporises a
backing layer, -which is inert to the components of.the
matrix. This b acking layer is a film being impe=rmeable to
the active comp ounds. Such a fil m may consist c=f polyester,
polyamide, poly ethylene, polypropylene, polyuret_hane,
polyvinyl chlor ide or a combinati.on of the afore=mentioned
materials. The se films may or mamy not be coated® with an
aluminium film -or with aluminium vapour. The th_ickness of
the backing lay-er may be between 10 and 100 um, preferably
between 15 and -40 um.

The TDS of the —present invention further compris es a
protective foil or sheet, which wrill be removed immediately
prior to use, i .e. immediately be-fore the TDS wi 11 be brought
into contact wi-th the skin. The protective foil or sheet may
consist of polyeester, polyethylen.e or polypropyl ene which may
or may not be ccoated with alumini um film or alum_inium vapour
or fluoropolyme=xrs. Typically the thickness of s uch a
protective foil or sheet ranges f rom between 50 and 150 um.
So as to faciliw®ate removal of th e protective fo il or sheet
when wishing to apply the TDS, th.e protective fo il or sheet
may comprise sepoarate protective foils or sheets having
overlapping edge=s, similar to the kind used with the majority

of conventional plasters.

In a preferred embodiment of the present :inventi-on, the TDS
has a basal surzface area of 5 to 50 cm?, particu larly of 10
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to 30 cm?. It goes without saying tkat a device h-aving a
surface area o=f, say, 20 cm? is phammacologically equivalent
to and may be exchanged by two 10 crm? devices or four 5 cm?
devices having~ the same drug content- per cm?. Thu s, the
surface areas as indicated herein shkould be under.stood to
refer to the t otal surface of all desvices simulta-meously

administered t o a patient.

Providing and applying one or severzl TDS accordizng to the
invention has the pharmacological acdvantage over ooral therapy
that the atten ding physician can tit-rate the optimmm dose for
the individual patient relatively quiickly and accwurately,
e.g. by simplir- increasing the numbeir— or size of desvices given
to the patient . Thus, the optimum iridividual dosacge can often
be determined after a time period off only about 3 weeks with

low side effec ts.

A preferred commtent of rotigotine ira: the TDS acco—rding to the
invention is i the range of 0.1 to 2.0 mg/cm2. S®&ill more
preferred are 0.20 to 1.0 mg/cm?. If a 7 day patch is
desired, highe r drug contents will generally be re=quired.

The device use-d in the present inveration is prefe—rably a
patch having a continuous adhesive mmatrix in at lesast its
center portion containing the drug. However, transsdermal
equivalents to such patches are likewise comprisecd by the
present invent ion, e.g. an embodimerat where the dmug is in an
inert but non-.adhesive matrix in the center porticn of the
device and is _surrounded by an adhesive portion aZlong the

edges.

The TDS accord.ing to thé present inwention is preroared by a
manufacturing Lprocéss, which comprisses preparing &= rotigotine
loaded adhesivee, coating, drying or cooling and l=mination to
get the bulk pzroduct, converting the laminate intec> patch

units via cutt_ing, and packaging.
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“The invention arad the best mode for carrying it out- will be
esxplained in mor—e detail in the foll owing non-limit ing
examples.

_INVENTION EXAMPI .E 1 (very low salt content, small

runicroreservoirs)-

=252.6 g Rotigot# ne free base are disssclved in 587.8- g ethanol
100 $ w/w and mE xed with 222.2 g etlmanolic solutiom
ccontaining 25 % w/w polyvinylpyrroli done (XKollidon F 90),
©.11 % w/w aguecus sodium bisulfite solution (10 % w/w), 0.25
= ascorbyl palm#tate and 0.62 % DL-OR-tocopherol. T™o the
Ihomogenous mixtuvare 1692.8 g BIC-PSA Q7 4301 (73 % ww/w),
71691.6 g BIO-PSA Q7 4201 (73 % w/w) and 416.3 g pet_rol ether
=re added and alll components are sti rred for at lea.st 1 hour

®o0 get a homogerious dispersion.

¥or manufacture of the patch matrix, the dispersiom is coated
onto a suitable release liner (for example Scotchpa .k 1022)
&nd the solvent=s are continuously re=moved in a dryi . ng oven at
Eemperatures up to 80°C to get a drumg-containing adlhesive
rnatrix of 50 g'/rn'l2 coating weight. T"he dried matrix= film is
“Jaminated with = polyester-type backz-ing foil which is
=ssiliconized on t=he inner side and al uminium vapor c=oated on

&*he opposite sice.

‘The individual roatches are punched o—ut of the compl._ete
Jaminate and are= sealed into pouchess under a nitroaggen flow.

The rotigotine contained in the matr—ix was quantitaitively
released after = hours in the drug Sissolution test-. according
*o the Paddle oxver Disk method as de=scribed in the USP using
xhe conditions =as described above. This result indllicates
*hat the obtainesd TDS was completely= free of rotigcotine

Ewydrochloride.
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The mean size of the mmicroreservoirs in #he TDS was apperox.
10 um with typical siz.es in the range of 5 to 35 um. A_
microscope image of th_e obtained TDS is sshown in Fig. &

COMPARATIVE EXAMPLE 1 high salt content small
microreservoirs)

2400 g Rotigotine hydr ochloride were added to a solutio n of
272.8 g NaCOH in 3488 g ethanol (96 %). TThe resulting m_ixturé
was stirred for approx imately 10 minutes_. Then 379.2 g of
sodium phosphate buffe r solution (27.6 g NagHPO4x2H,0) and
53.2 g NaHpPO4x2H20 in 298.5 g water) was added. Insol-uble
or precipitated solids were separated from the mixture by
filtration. The filte r was rinsed with 9564 g ethanol ( 96 %)
to obtain a particle-f ree ethanolic solut-ion of rotigot ine

essentially in the for—m of the free base_

The rotigotine solutiom (6150 g) in etharacl (30 % w/w) —was
mixed with 407 g ethan-ol (96 %). The resulting solutiomm was
mixed with 1738.8 g of an ethanolic solut—ion containing

25 wt.% polyvinylpyrro lidone (Kollidon® S0F), 0.11 wt.%
aqueous sodium bigulfi-te solution (10 wt—_%), 0.25 wt. %
ascorbyl palmitate, ane«d 0.62 wt.% DL-alphia-tocopherol umtil
homogeneity. To the m ixture 13240 g of =n amine resistaant
high tack silicone adh-esive (BI0-PsA® Q7—4301 mfd. by Deow
Corning) (73 wt.% solu—tion in heptane), M.3420 g of an awmmine
resistant medium tack silicone adhesive &BIO-PSA® Q7-42-01
mfd. by Dow Corning) ( 72 wt.% solution ir heptane), and 3073
g petrol ether were adeded, and all comporaents were stirz—red

until a homogenous disgpersion was obtaine=d.

The dispersion was coa-ted onto a suitables polyester rele=ase
liner (SCOTCHPAK® 1022 ) with a suitable Soctor knife aned the
solvents were continuo-usly removed in a drying oven at
temperatures up to 80°eC for about 30 minitates to obtain a& drug
containing adhesive ma-—trix of 50 g/m? comating weight. "The
dried matrix film was Zlaminated with a polyester-type baacking
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foil (SCOTCHPAK™ 1109) . The individwmal patches weres punched
ouvat of the compllete laminate in the dlesired sizes (e.g.
10 cm?, 20 cm?, 30 cm?) and sealed immto pouches undesr the

fAow of nitrogera.

OmMly approx. 95 % of the rotigotine c=ontained in the= matrix
weré released afSter 3 hours in the dr-ug dissolution test
acxcording to thea Paddle over Disk met-hod as describe=d in the
USSP using the cconditions as described. above. Thus, the
olbtained TDS corntained approx. 5 % (w-/w) of protonat—ed

rotigotine.

The mean size ofS the microreservoirs in the TDS was approx.
15 um with typics=al sizes in the range of 10 to 20 umm.

COMPARATIVE EXAMHPLE 2 (high salt cont ent, large

mi_croresexrvoirs)

150 g Rotigotine= hydrochloride were a dded to a solut=ion of
17.05 g NaOH in 218 g ethanol (96%). The resulting mixture
waas stirred for approximately 10 minu tes. Then 23.77 g of
sodium phosphate= buffer solution (8.3 5 g NajHPO4x2H>0 and
16.07 g NaHaPO4x=2H,0 in 90.3 g water) was added. Irmsoluble
or= precipitated solids were separated from the mixti=mre by

fi ltration. The filter was rinsed wi—th 60.4 g etharmol (96 %)
to obtain a part icle-free ethanolic seolution of roti_gotine
esssentially in t he form of the free baase.

TIme rotigotine s olution (346.4 g) in eethanol (35 % wa/w) was

mi_xed with 36.2 g ethanol (96%). The resulting solwmtion was
mi_xed with 109 g of an ethanolic solution containingw 25 wt$
polyvinylpyrroli done (KOLLIDON® 90F), 0.077 wt% aquecous

soodium bisulfite solution (10 wt%), 0 .25 wt% ascorby—l
palmitate, and 0 .63 wt% DL-alpha-tocoppherol until hesmogenous.
To the mixture, 817.2 g of an amine ressistant high t_ack
si_licone adhesiv'e (BIO-PSA° Q7-4301 mfEd. by Dow Corn=ing) (74
wt_ % solution in “heptane), 851.8 g of =n amine resist_ant
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medium tack silicone a&adhesive (BIO-PSA® Q”-4201 mfd. by Dow-
Corning) (71 wt% solu%ion in heptane), ane«d 205.8 g petrol
ether (heptane) were =dded, and all compoments were stirrecd

until a homogenous disspersion was obtainesd.

The dispersion was coz=ted onto a suitable polyester release
liner (SCOTCHPAK® 1022=2) with a suitable doctor knife and th e
solvents were continucously removed in a d—rying oven at
temperatures up to 80=C for about 30 min —to obtain a drug-
containing adhesive maatrix of 50 g/m?’ coat-ing weight. The
dried matrix film was laminated with a po lyester-type back®ng
foil (SCOTCHPAK® 1109) ., The individual p=atches were punche=d
out of the complete l=mminate in the desir-ed sizes (e.g.

10 cm?2, 20 cm?, 30 cm=) and sealed into p-ouches under the

flow of nitrogen.

Owing to the large miecroreservoirs in the TDS' matrix, it weas
possible to dissclve —the rotigotine salts by direct contact=
with the dissolution wmedium. Thus, it wa s not possible to
determine the amount eof the protonated fo xm of rotigotine.
This indicates that the maximum diameter of the

microreservoirs was l-arger than the thick nmess of the matri=x.

The mean size of the mmicroreservoirs in t he TDS was approx .
50 um with typical si zes in the range of 20 to 90 um. A
microscope image of tThe obtained TDS is s hown in Fig. 4.

As rotigotine was rel eased from rotigotin e hydrochloride ira a
manner similar to Comgparative Example 1, one may conclude
that the obtained TDS also contained 5 % (w/w) of rotigotime
in its protonated for-m.

COMPARATIVE EXAMPLE 3 (Acrvlate-type formmulation)

A mixture of 50.0 g r-otigotine hydrochlor—ide and 28.6 g
sodium trisilicate in. 95 g methyl ethyl k-etone was stirred at
room temperature for 48 hours. Subsequent.ly, 17.9 g oleic
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alcohol., 128.6 g of an acryl ic-type adhesive solution

(51.4 % w/w in ethyl acetate ; trade name: Dur-otak® 387-2=287
from NATIONAL STARCH & CHEMI CAL), 33.0 g of E"UDRAGIT® Ele00
(Erom ROEHM PHARMA) (50 % w/-w solution in eth—yl acetate) and
45.0 g ethyl acetate were ad ded, and the mass was homogemised

mechanically.

The dispersion was coated on'to a suitably sil _dconised prcocess
liner (Hostaphan® RN 100), a-nd the solvents weere evaporatted
at 50°C over 30 minutes, thezreby obtaining a mmatrix weiglkt of
60 g/m2. The dry film was lawminated with a su—itable polyester
foil (Hostaphan® RN 15). Inedividual patches Baving a dessired
size of (e.g. 20 cm?) were punched out of the resulting
laminate and sealed into pousches under the fleow of nitrocgen.

EXAMPLE 2
In vivo drug absorption test

In ordeexr to monitor the abso—rption of rotigot—ine by the I—uman
skin tlie following experimen® was carried out . The test was
performed with the TDS obtaimned in Example 1 =as well as in

Comparative Examples 1 and 2

The plasma concentration time= profile at diffesrent test t—imes
was det ermined in pharmacokimnetic studies inveolving (A) M4
healthy- male persons (TDS of Comparative Exampoles 2 and =3) or
(B) 30 healthy male persons (TDS of Example 1 and Comparz=ative
Examples 1), respectively. Tkie studies were conducted
following an open single-dose randomised (B) t—wo-way or o(2)

three-way cross-over design.

Individual concentrations of rotigotine were cletermined lkoy
means of liquid chromatograpkly and mass spectmoscopy. Tlme
lower 1 imit of quantificatiorm (LOQ) was 10 pg~/ml.

The drug absorption was calcuilated from the pZlasma
concent ration data according to the Wagner-NeZlson method
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(Malcom Rowl and, Thomas N. Tozer (Eids.) "Estimation -of
Adsorption Klinetics from Plasma Coricentration Data" in
Clinical Pha.rmacokinetics, pp 480-<183, Williams & Wi.lkins,
1995), 100 % = absorption rate aftesr 48 hours; patch
application time was 24 hours.

A comparison- of the flux across hurman skin for the d.ifferent
TDS tested i s shown in Fig. 1, 2 ard 3.

In Fig. 1 th e rotigotine absorptior: for the sample olbtained
in Example 1 containing no salt (O ) is compared to tihe
sample obtai ned in Comparative Examnple 1 containing =approx.

5 % (w/w) of rotigotine hydrochlori.de (®). The comp arison
in Fig. 1 cl early shows that the di-ug absorption afte=r patch
application depends on the residual salt content in tihe semi-
permeable ma trix and is significant-ly improved by recducing
the amount o f the protonated form of rotigotine prese=nt in

the matrix.

Fig. 2 shows the impact of the size distribution of t=he
microreservo._irs distributed in the semi-permeable mat—rix by
comparing thee sample obtained in Comparative Example 1 having
a mean micro—reservoir size of approx. 15 um and typiczal sizes
between 10 amd 20 pum (®) with the ssample obtained in
Comparative =Example 2 having a mearm microreservoir s ze of
approx. 50 umm and typical sizes bet-ween 20.and 90 um (A).
From this comwarison it can be dedweced that reducing the size
of the matri=x reservoirs significaretly increases the flux

across the hwuman skin.

A comparison between the TDS of Exa mple 1 (O) and
Comparative MExample 2 (A) is shown in Fig. 3. This
comparison clearly indicates that t he flux across human skin
is significaritly enhanced by reduci ng the salt conterat and

decreasing tkie size of the microres ervoirs.
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EXAMPLE 3
In vitro Diffiasion Experiment witlm transdermal driig delivery

systems

The test was poerformed with a sandwich of consecut-ively a
supportive sepparator membrane, ski.n and the TDS. Active
substance thats= has diffused from t=he TDS through t=he skin
and/or membrarie dissolves in an ac=ceptor liquid tlnat
continuously poasses directly under—neath the membra=ane; the
acceptor liqui# d was collected in t—ubes in a fracti on
collector; and the fractions were analysed for their content

of rotigotine. The flux of active= substance throitagh skin wass

calculated by correcting for the i _nfluence of the separator

membrane.

The diffusion cell described in Ta nojo et al (Tanc—jo et al.
"New design off a flow through permmeation cell for in vitro
permeation stwmdies across biologic al membranes" Jocournal of
Controlled Rel ease (1997), 45, 41- 47) was used in order to

conduct the exzperiment.

A flask contai ning the acceptor 1li quid and the ass embled
diffusion cell s were placed in a t emperature-contr—olled
water-bath (32 .0 #0.5°C). The acceeptor liquid was
continuously p umped from the flask through PTFE tu bing by a
peristaltic pu.mp, passed through t he diffusion cel ls where
the diffusion takes place and was —then transported. via PTFE
tubing to test tubes that were pla=ced in a fraction

collector.

The required n-—umber of disks was pwunched out from the TDS by
using a circul ar knife. Human epicdermis, excised to a
thickness of 2 00-300 pum from fresh donor skin (sto—xrage

< 36 hours at ~4°C) with a dermatome= (to be referreed to as
skin) was spre.ad out on laboratory film in petridi. shes.
Using the circ-ular knife the requizred number of di:sks was

punched out. A disk of membrane was centred on eaech cell
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surface. Th e skin disks were sprezmd out on the membmrane
disks on the cell surfaces with the aid of forceps. A disk
of the TDS i s applied to each cell -~ and the cells werce
assembled. *The experiment was thern conducted in a m=nner

similar to t-he one described in Tarojo et al above.

Afterwards the tubes containing the collected fracticon were
weighed, and the contents of each t=ube were analysed using
HPLC.

This experiment was carried out for— the TDS of Exampl'e 1 as
well as Comparative Examples 2 and 3.

Fig. 6 shows the in vitro skin permeation profile for— the TDS -

of Example 1 (®) compared to the TIDOS of Comparative
Example 2 (O»).

Fig. 7 shows the in wvitro skin permneation profile for— the TDS
of Example 1 (@) compared to the acrylate TDS of Compoarative
Example 3 (O»).

It is clear f£rom the data obtained that the flux acrcoss human
skin may be =significantly enhanced by controlling the size of
the microreservoirs in the TDS whil e at the same time

providing a ssemi-permeable matrix, which is highly permeable
for the free base of rotigotine whi.le being impermealole for

its protonated form.
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CLAIMS

A transdermal delivery system (TDS) comprissing a backing
layer inert to the component= of the matriz<, a self-
adhesive ma-trix containing rcotigotine and = protective

foil or sheeet to be removed orior to use,
characterizeed in that

the self-adThesive matrix cons=sists of a sol:d or semi-

solid semi-—permeable polymer

(1) where-Ddn rotigotine in i_.ts free base =orm has been
incorgoorated,
{2) which is saturated witla rotigotine armd contains

said —rotigotine as a m=aaltitude of microreservoirs
withion the matrix,

{3) which is highly permeal>le for the free base of
rotigeotine,

(4) which is impermeable foor the protonat—ed form of
rotig=otine,

(5) where in the maximum di=meter of the
micro:reservoirs is less than the thicckness of the

matri=x.

The TDS acc ording to claim 1. characterizecd in that the
mean diamet er of the microre=servoirs is in the range of
0.5 to 20 pm.

The TDS acc-ording to claim 1 oxr 2, characte=rized in the
gself-adhesi ve matrix being fmee of particle=s that can
absorb salt s of rotigotine att the TDS/skin interface.

The TDS acc=ording to any one of claims 1 teo 3,
characterizzed in that the pollymer matrix ceomprises a
silicone-ty-pe pressure sensi¥®tive adhesive.
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The TDS acc ording to any one of claims 1 to 4,
characteriz ed in that the polyme= matrix compr ises two or
more silico ne-type pressure sens-dtive adhesive s as the

main adhesi wve components.

The TDS acc ording to claim 5, whe=rein the sili cone type
pressure se nsitive adhesive is a blend of a hi gh tack
silicone type pressure sensitive adhesive comp-rising
polysiloxan.e with a resin and a wmmedium tack si licone type
pressure ses=nsitive adhesive comp:rising polysil.oxane with

a resin.

Use of roti_gotine in the manufac ture of a matr—ix as
defined in any one of claims 1 t o 6, for a TDS for
treating a patient suffering from a disease tr-eatable by
rotigotine, said matrix being ca pable of appli cation to

the skin off said patient.

A TDS compr—ising a matrix as def ined in any off claims 1
to 6, for tase in a method for tr-eating a patiesnt

suffering £rom a disease treatalmle by rotigoti.ne, said
method comporising applying said TDS to the skiin of said

patient.

A transdermmal delivery system ac=cording to any.s one of
claims 1 tc 6, substantially as herein descrikoed and

illustratecd.

use accord=ing to claim 7, substaantially as hemrein

described =and illustrated.
A transderrnal delivery system for use in a me®hod of

treatment =according to claim 8, substantially as herein

described ==nd illustrated.

AMENDED SHEEET
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12. A new tr-ansdermal delivery system; a new us:e of
rotigoti.ne; or a transdermmal delivery syste=m for a new

use in a. method of treatment; substantially— as herein
describe=d.

AMENIDED SHEET
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Fig. 3
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