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(54) Title: TRANSDERMAL THERAPEUTIC SYSTEM (TTS) CONTAINING OXYBUTYNIN
(54) Bezcichnung: TRANSDERMALES THERAPEUTISCHES SYSTEM (TTS) OXYBUTYNIN ENTHALTEND
(57) Abstract

The invention relates to a transdermal therapeutic system (TTS) for transcutaneous administration of oxybutynin over a period of
several days, in addition to a method for the production thereof without the use of solvents. The TTS contains a matrix mass containing
oxybutynin in the form of a self-adhesive layer. Said matrix mass consists of (meth)-acrylic polymers containing ammoniac groups, at
least one citric acid ester and 5-25 wt. % oxybutynin.

(57) Zusammenfassung

Die Erfindung betrifft ein Transdermales Therapeutisches System (TTS) zur transcutanen Verabreichung von Oxybutynin Uber
mehrere Tage sowie ein Verfahren zu seiner Herstellung ohne Verwendung von Losungsmitteln. Das TTS enthilt eine Oxybutynin-haltige
Matrixmasse in Form einer Schicht, die selbstklebend ist, wobei die Matrixmasse aus ammoniogruppenhaltigem (Meth)acrylatpolymeren,
mindestens einem Zitronens#uretriester und 5-25 Gew.—% Oxybutynin besteht.
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Transdermal Therapeutic System (TTS)
for the Administration of Oxybutynin

Description

The present invention concerns a Transdermal Therapeutic System (TTS) for the transcutane-
ous administration of oxybutynin over several days, as well as a method for its production
without the use of solvents.

_~The bioavailability of orally or intravenously administered active ingredients is frequently
""’unsatisfactory Metabolization of many active ingredients in the liver can lead during the
ﬁgst passage through the liver to undesirable concentration relationships, toxic by-products
“‘t@d to the reduction of the activity and even to loss of activity. In comparison to oral
,admxmstranon transdermal administration of active ingredients has various advantages. The
::::ptroducnon of the active ingredient can be controlled better over a longer period of time as a
. rpsult of which high fluctuations in blood level are avoided. In addition, the required
) th:erapeut.ically effective dose can mostly be reduced significantly. In addition, patients

frequently prefer a plaster to tablets, which must be taken once or several times daily.
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:,.Int the past, in order to overcome the disadvantages of nontransdermal administration of
:"+"agtive ingredients mentioned above, a number of transdermal therapeutic systems (TTS) with

e o
e o0

**different structure were proposed for various active ingredients for the therapy of different

LX) ee00® oo

* Thus, the technical documents given below describe a broad variety of systemically or locally
reacting active ingredients, the parenteral administration of which is either based on dose-
controlled or generally releasing systems.




For example, these are: U.S.P. (US patent numbers)

3,598,122 A; 3,598,123 A; 3,731,683 A; 3,797,494 A; 4,031,894 A; 4,201,211 A;
4,286,592 A; 4,314,557 A; 4,379,454 A, 4,435,180 A; 4,559,222 A; 4,568,343 A;
4,573,995 A; 4,588,580 A; 4,645,502 A; 4,702,282 A; 4,788,062 A; 4,816,258 A;
4,849,226 A; 4,908,027 A; 4,943,435 A and 5,004,610 A.

In the late sixties of this century, it was assumed originally theoretically that all active
ingredients with short half-life but high activity and good penetration through the skin would
be suitable for safe and effective administration via a TTS. These early expectations
regarding the possibilities of transdermal administration of active ingredients by TTS could,
~however, not be fulfilled. The reason for this is mainly that the skin is equipped naturally
““with an inassessable variety of properties in order to maintain its function as an intact barrier
':B the penetration of substances that are foreign to the body. (See in this regard: Trans-
: Qermal Drug Delivery: Problems and Possibilities, B. M. Knepp et al., CRC Critical

..Rewew and Therapeutic Drug Carrier Systems, Vol. 4, Issue 1 (1987).)

L] ..
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. .Therefore transdermal administration is available only for those few active ingredients which
*  have a suitable combination of many favorable characteristics. However, for a given active
ingredient, these required characteristics that would permit safe and effective transdermal

‘... atiministration, cannot be predicted.

L]
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:_ The requirements for an active ingredient suitable for transdermal administration are the
'fpllowmg.

- permeability through the skin,

' no adverse influence on the adhesiveness of the plaster by the active ingredient,
avoidance of skin irritations,

avoidance of allergic reactions,

favorable pharmacokinetic properties,

favorable pharmacodynamic properties,

- relatively broad therapeutic window,

- metabolic properties which are consistent with therapeutic application with continuous

administration.
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Undoubtedly, the above list of requirements is not exhaustive. In order to have an active
ingredient available for transdermal application, the “correct” combination of all these
requirements is desirable.

What was said above for the active ingredient applies similarly to the TTS composition
containing the particular ingredient and to its structure.

Usually, transdermal therapeutic systems (TTS) are plasters which are equipped with an

impermeable cover layer, a removable protective layer and a matrix which contains the

active ingredient or a reservoir with semipermeable membrane, which contains the active

ingredient. In the first case, they are called matrix plasters and, in the second case, they are
alled membrane systems.

. lf" r the cover layer, usually polyesters, polypropylene, polyethylene, polyurethane, etc., are
.5 used which can also be metallized or pigmented. For the removable protective layer, among

. Others, polyesters, polypropylene or even paper with silicone and/or polycthylenc coating

lo..

*:*vame into consideration.

" For the active-ingredient-containing matrices which are usually used pharmaceutically or
mpdmany, materials based on polyacrylate, silicone, polyisobutylene, butyl rubber, styrene/-

-obutadxene copolymer or styrene/isoprene copolymer are used.

*. -‘Phe membranes used in the membrane systems can be microporous or semipermeable and
..m’e usually based on an inert polymer, especially polypropylene polyvinyl acetate or

,-;Lcone

While the active-ingredient matrix compositions can be self-adhesive, depending on the active
ingredient used, one can also have active-ingredient containing matrices, which are not self-
adhesive, so that, as a consequence of this, the plaster or TTS must have an overtape in its

structure.

In order to ensure the required flux rate of the active ingredient, frequently skin penetration
cnhancers are necessary as additives, such as aliphatic, cycloaliphatic and/or aromatic-
aliphatic alcohols, which can be monovalent or polyvalent and may have up to 8 C-atoms,




an alcohol/water mixture, a saturated and/or unsaturated fatty alcohol with 8 to 18

carbon atoms a saturated and/or unsaturated fatty acid with 8  to 18 ¢ carbon atoms and/or
their esters, as well as vitamins.

Furthermore, frequently stabilizers such as polyvinylpyrrolidone, a-tocopherol succinate,
propyl gallate, methionine, cysteine and/or cysteine hydrochloride are added to the active-
ingredient-containing matrix.

As the above discussion shows, numerous TTS structures and materials used for them are
known. In any case, there are many interacting requirements to be considered when a drug
is to satisfy a medical requirement in the form of a TTS.

o~
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««_The following problems are to be considered fundamentally in the development of active-
.mgrcdxent-contammg TTS:

eeasl. The permeability of the active ingredient through the skin is too low in order to

zeesi obtain the therapeutically necessary penetration rate and/or the lag-time until the

. ° ol therapeutically required plasma level is reached is too long, with the consequence that
skin penetration enhancer additives must be administered.

o2, The polymer matrix which is loaded with the active ingredient and optionally addi-
e tionally with skin penetration enhancers is not stable physically upon long storage.
ceee Especially, recrystallization of the active ingredient may occur, which leads to an
uncontrollable decrease of the active-ingredient release capacity of the TTS.

. '3 High load of the polymer carrier with active ingredient and/or skin penetration
enhancers makes the adjustment of optimum adhesive properties of the transdermal
system difficult in the case of self-adhesive polymer films.

4, The resorption rate of the active ingredient decreases during application over several
days in an unacceptable manner, so that additional control layers and/or control
components are necessary.




S. If the active-ingredient-loaded layers are made from organic solutions, the problem
arises that solvent residues remain in the active-ingredient-containing layer after the
drying process. Additionally, there is a danger of undesirable evaporation of volatile
additives during manufacture. Since, for reasons of physical stability and skin
compatibility of the system, as a rule, an attempt must be made to have a system
completely free from solvent, the reservoir therefore must be built up in several
layers, as the case may be. This again leads to an increase of manufacturing costs.

6. Furthermore, it is known from the literature that the fatty acid esters of polyvalent
alcohols, which are frequently used to enhance penetration through the skin, have
variable quality and contain impure diluents. This leads to poorly reproducible

=" penetration increases (Burkoth et al., 1996, DE 196 22 902 Al).

+* Therefore, the problems described above require a large number of embodiments of
:.Iransdermal Therapeutic Systems, which are reflected in the state of the art in this field.

C...
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.+_+A more recent review on this is given, for example, in US P 5,662,926 A (Wick et al.,

: '1:997) This document describes transdermal systems which contain a monolithic thermo-
plasuc polymer film in which an active ingredient, preferably nicotine, is distributed

...lmmogcneomly, as well as a method for solvent-free production of this active-ingredient-

3 containing layer by mixing the active ingredient with the polymeric carrier material in the

polymer melt, at temperatures from 170°C to 200°C. In order to attach the active-ingredi-
***aat bnt-containing matrix film on the skin, there is an additional contact adhesive film which is

R apphed onto the active ingredient matrix, and, if necessary, there is an additional plaster

...«Jh
[

vymch has a larger area, and which is applied onto the active-ingredient-containing polymer
* film on the side of the matrix which is away from the skin.

Similar structural principles for transdermal systems of active-ingredient plasters are also
described in WO 93/23025 Al and WO 95/09007 Al for oxyburtynin-containing plaster
preparations. According to WO 95/09007 Al, the skin penetration of oxybutynin from
polymer matrices can be increased by monoglycerides in a mixmre with lactic acid esters,
and these penetration enhancer mixtures presumably do not cause any skin irritation or only a
slight one.




The ethylene/vinyl acetate (EVA) copolymers, described in the above PCT documents as
being used as active-ingredient carriers, are dissolved in a suitable organic solvent or are
melted by heating in order to incorporate the oxybutynin. The films are then produced by
coating and removing the solvent or by calendering of the homogeneous polymer/active-
ingredient/enhancer mixture.

For incontinence treatment, according to WO 93/23025 Al, an oxybutynin plasma level of
the order of 0.5-2 ng/mL is aimed at, corresponding to a release rate of 40-200 ug/h,
preferably 80-160 ug/h.

According to US P 5,601,839 A, these permeation rates can be reached even with self-
‘ijdhesivc monolithic systems by the use of triacetin as penetration enhancer.
. DS the development of transdermal systems, polymers based on acrylic acid esters and
:.: pethacrylic acid esters are of special interest because of their relatively good ability to take
".yp and release a mumber of active ingredients. In order to avoid the use of solvents in the
-s-manufacture of matrix systems based on poly(meth)acrylate, DE 4310012 A1 describes a
+*«Yormal therapeutic system in which one or several layers are made of mixtures of
’ pbly(mcm)acrylates and are produced from the melt, and the first mixing component consists
.++of (meth)acrylate polymers which contain functional groups, the second mixing component
."bﬁntrols the flow behavior and contains only insignificant amounts of functional groups. The
";pmposm: systems with poly(meth)acrylates with functional groups are supposed to make it
pdssxblc to have controlled release of the active ingredient(s) on or through the skin and
..facnhtate simple manufacture. Furthermore, the active-ingredient-containing formulations
; :.btamcd by combination with poly(meth)acrylates with low glass temperature have the
" pibperties of a pressure-sensitive skin adhesive. However, while there are advantages in the
manufacture in comparison to solvent-based methods, according to experience, these systems

exhibit a number of disadvantages and these are caused by the following:

(XYY X ] 0.
L

1. Longer thermal exposure of all TTS components during (1) manufacture of the
polymer melt, (2) homogeneous incorporation of the active ingredient or ingredients
and/or (3) coating of the hot active-ingredient-containing mass onto suitable carrier
materials, with an increased risk of degradation or decomposition reactions in the
polymer melt and/or during storage of the active-ingredient-containing polymer films.

6




2. Difficulties in the optimization of the cohesion/adhesion balance of the
poly(meth)acrylate-containing layer for application for several days, since crosslinking
of the acrylate copolymer with covalent bonds during manufacture of the active-
ingredient-containing polymer matrix in the melt is not possible, in combination with
problems that can arise because of cold flow of the polymer mass during application
on the skin and/or during storage.

DE 196 53 606 Al describes an adhesive and binder for TTS from well-defined amounts by
weight of the components a) (meth)acrylate polymers, which may have quaternary ammoni-
um groups, b) and organic di- or tricarboxylic acid and ¢) a plasticizer, which can be a citric
acid triester.
~ As the above list shows, many plaster constructions and materials used for these are known.
'&mllarly, today there is still a great demand for many active ingredients that are incorporat-
ed into Transdermal Therapeutic Systems to have a TTS available, which makes it possible
"zgto provide the therapeutically required release of the active ingredient, without the construc-
+s«+tjon being expensive and in which, overall, the components are in an optimal relationship.
.‘Eh.xs applies to the active ingredient, oxybutynin, when it is to be administered transcuta-
*  Deously.

:::i‘herapcuncany, oxybutynin is used for the symptomatic treatment of the hyperactivity of the
;-;gfetrusor (overactivity of the bladder muscle) with frequent urge to urinate, increased
*.*.1frination during the night, urgent urination, involuntary urination with or without the urge to

... brinate (incontinence). Transcutaneous application of oxybutynin with a TTS is desirable,

“"dnce, by bypassing the gastrointestinal tract, and the first pass through the liver, concentra-

o,uon peaks of oxybutynin in the blood are avoided, which can lead to the occurrence of
undesirable effects, such as dry mouth, accommodation disturbances, nausea and dizziness.
Bypassing the first-pass metabolism in the liver can increase the bioavailability of oxybutynin
in comparison to peroral administration, and the total dose can be reduced, which are

necessary for reaching desired therapeutic effect.

.,-o

Therefore, the task of the invention is to avoid the disadvantages of TTS with oxybutynin de-
scribed above and to provide a TTS for transcutaneous administration of oxybutynin with




good adhesive properties, which is simple to construct, is compatible with the skin and is
physically and chemically stable over a long duration of storage and application, and

a)
b)
d)
d)

releases on and through the skin as much active ingredient as possible per unit area,
contains no skin penetration enhancer
is free from solvent and

in which the active ingredient oxybutynin undergoes as little thermal exposure as
possible during the production process.

In order to solve this task, a TTS and a method for its manufacture without the use of

solvents is made available, the special composition of which can surprisingly fulfill the tasks

described above. It contains and oxybutynin-containing matrix mass in the form of a layer
- which is self-adhesive, and in which the matrix mass consists of ammonium-group-containing
(meth)acrylate copolymers, at least one citric acid triester and 5-25% by weight of oxy-

Ld L]
L L]
L

. twutynin. The TTs can be applied on the skin for several days.

«:Fhus, because of its special composition, the addition of penetration enhancers is not

LA XX

«seomiecessary in the case of the TTS according to the invention.
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In the sense of the invention the following terms and/or words are defined as given below:

"solvent-free": No solvent is used for the manufacture of the polymer
matrices which solvent would have to be removed again
largely during the mamufacturing process, as it is done in
the "solvent-based" method.

"several days": The TTS can be applied to the skin for therapeutic
application for 1 to 7 days, preferably 1-4 days.

“short-term thermal The active ingredient is added in the solid form to the
exposure of the active polymer matrix heated to 150°C, is cooled to below its
ingredient” melting point within one minute.




d) "solid solution”: The pharmaceutically active ingredient is present in the
polymer/citric acid triester mixture in the molecularly
dispersed form.

According to another embodiment according to the invention, the TTS described above can
be surrounded additionally with the exception of the release surface of its oxybutynin-
containing matrix on the skin by a larger but active-ingredient-free skin plaster for attach-
ment at the application site (overtape).

This construction has the advantage that different skin types and climatic zones can be taken
"_into consideration. Furthermore, the cohesion/adhesion properties of the TTS and the
**.solubility of the active ingredient, rate of dissolution of the active ingredient and the release
.*bghavior can be optimized largely separately from one another.

° ]
oo o
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““Aa:cordmg to a further development, the matrix mass preferably contains 10-20 weight % of

Finally, the oxybutynin-containing matrix mass can be a solid solution.

L] L]
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i::‘!‘m formation of a solid solution of oxybutynin in the ammonium-group-containing (meth)-
e zIerylate polymer was not predictable and it is especially surprising because many active
°mgred1cnts do not form solid solutions in polymers (with a molecularly dispersed distribu-
*“%on), but are embedded into the particular polymer in the form of solid particles, which can
.:-6e recognized with an electron microscope. In contrast to solid solutions, crystalline active

mgredlems also show a Debye-Scherrer diagram.

.. LIX X ] ..
.
*

According to another embodiment of the invention, the oxXybutynin-containing matrix mass
preferably contains citric acid tributyl ester.

Finally, the oxybutynin-containing matrix mass may contain a mixture of citric acid butyl
ester and citric acid triethyl ester.




Thus the patient compliance is taken into consideration outstandingly.

Based on the composition according to the invention, and the structure of the TTS, it is
surprising that, in spite of high active ingredient concentrations of oxybutynin in the polymer
matrix, the system has sufficient physical stability upon long-term storage.

For the polymer used as active-ingredient-containing polymer matrix, it was not expected that
directly after attaching the TTS there will be an intimate contact between the active ingredi-
ent matrix and the skin, which is of such quality that self-sufficient adhering TTS results

over several days, which satisfies the therapeutic, industrial as well as operational economical
requirements.

oo

.+df one chooses the embodiment with an active-ingredient-free skin plaster/overtape, a very

*.'small area skin plaster with an adhesive edge of only a few mm in width is required.

. This is both economical as well as advantageous with regard to patient compliance.

According to another embodiment of the invention, the carrier film of the TTS has a metal

... Mapor or oxide layer on the matrix side.

" The TTS according to the invention can be produced according to the method described

"h.clow.

*A coatable oxybutynin-containing matrix mass is produced by melt extrusion in which the
active component is metered contimuously as a solid substance into a 150°C polymer melt
consisting of ammonium-group-containing (meth)acrylate copolymer and a citric acid triester
so that a polymer melt with a content of up to 25 weight % of oxybutynin and up to 33
weight % of citric acid triester is obtained and the hot active-ingredient-containing polymer
melt is coated immediately after the dosage of the active ingredient onto a separable
protective layer (= substrate, carrier) to a thickness of 0.02 to 0.4 mm and the obtained 2-
layer laminate is provided with a cover layer on the other side of the matrix.

[ XX ]
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The TTS provided with an additional skin plaster or overtape is produced as described
below.

A coatable, oxybutynin-containing matrix mass is produced by melt extrusion, with the active
ingredient being metered continuously into a polymer melt heated up to 150°C and consisting
of ammonium-group-containing (meth)acrylate copolymers and citric acid triester, so that a
polymer melt with a content of up to 25 weight % of oxybutynin and up to 33 weight % of
citric acid triester is obtained and the hot, active-ingredient-containing polymer melt is coated
contimuously immediately after the addition of the active ingredient onto a separable
protective Jayer (= substrate, carrier) to a thickness of 0.02 to 0.4 mm and the obtained 2-

- layer laminate is provided with a cover layer on the other side of the matrix and then a larger

.., active-ingredient-free plaster is applied for attachment of the TTS onto the skin.

«¢ Jhe essential advantage of the method according to the invention, in contrast to the so-called
...."'batch method" in which the weighed total amount of starting materials necessary for the
':"ﬂroducuon of a batch is used and their further processing to the pharmaceutical product is

* done in successive separate production steps, consists in the fact that the polymer matrix (I)
.which contains the active ingredient, is prepared without the use of organic solvents and (II)
.***and that the preparation of the active-ingredient-containing matrix mass and its further
mp,rocessmg to an active-ingredient-containing layer is done in one continuous and cost-saving
“‘process step: The process times can be shortened to a few minutes. The danger of decom-
,,,posmon reactions in the active-ingredient-containing polymer melt can be excluded in this
...Way Thus, furthermore, the active ingredient corresponds to the quality criteria of the DAB
o .md/or of the European or US Pharmacopoeia. It was found surprisingly that complete
o ’6:1550111!1011 and uniform distribution of the oxybutynin in the polymer melt is ensured in spite
of the short processing times, under the processing conditions explained in more detail in the

[ J
L]
L
[
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examples.

Furthermore, as a result of the continuous manufacture of the oxybutynin-containing polymer

mass, when transferring the manufacturing process from laboratory to production scale,

problems (scaling-up problems) are avoided, that is, when increasing the batch size, the

manufacture of the active-ingredient-containing polymer melt and of the laminate does not

require changing to larger production plants, which usually involves time and cost expensive installation,

11




qualification and validation work as well as optionally change in the formulation.

The structure of the TTS according to the invention is shown in drawings 1 and 2.

Drawing 1 shows the embodiment without overtape, consisting of active-ingredient-containing
polymer matrix (1), separable protective film (5) and cover film (2).

Drawing 2 shows the embodiment with overtape. In addition to the layers contained in the
embodiment shown in drawing 1, an overtape consisting of carrier film (4) and adhesive film
~(3) are contained.

[
[ X ]

««.Example 1:

*$*°A’ two-screw extruder equipped with three dosage units is charged continuously in successive

.ﬁiocess zones with Eudragit RS 100 (copolymer of ethyl acrylate and methyl methacrylate
with approximately 5% trimethylammoniumethylmethacrylate chloride), tributyl citrate and

< Oxybutynin, and the mixture is melt-extruded with a total throughput of 5 kg/h at a tempera-
::.TER of 110-140°C. From dosage unit 1, Eudragit RS 100 is introduced at a rate of 2.76
rleg/h to the process part of the extruder, from dosing station 2 tributyl citrate is introduced at
°.Zn{e rate of 1.49 kg/h and, finally, from dosage unit 3, oxybutynin is introduced at the rate of
“13'75 kg/h. When leaving the extruder, the obtained hot oxybutynin-containing polymer melt
i introduced through a heated inlet tubmg dlrcctly in a continuous stream to the application
head of the coating mstallauon, and, with the aid of a slit nozzle, it is applied onto an approximately 100 ym
thick siliconized polyester film (= protective film (5)) at a thickness of approximately 100 g
per m? (see drawing 1). After going through a roll-cooling device, the two-layer laminate is
covered with an approximately 20 um thick polyester film (cover film (2)). From the

obtained strip-shaped three-layer laminate, 12 cm’ pieces are stamped out.

L ]
o
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Example 2:
A two-screw extruder equipped with three dosage units is charged continuously in successive

process zones with Fudragit RS 100 (copolymer of ethyl acrylate and methyl methacrylate
with approximately 5% trimethylammoniumethylmethacrylate chloride), tributyl citrate and
oxybutynin, and the mixture is melt-extruded at a total throughput of 5 kg/h at a temperature
of 110-140°C. From dosage unit 1, Eudragit RS 100 is introduced to the process part of the
extruder at a rate of 2.76 kg/h, from dosage station 2, tributyl citrate is introduced at the rate
of 1.49 kg/h and, finally, from dosage unit 3, oxybutynin is introduced at the rate of 0.75
kg/h. After leaving the extruder, the obtained hot oxybutynin-containing polymer melt is
introduced through a heated inlet tubing in a continuous stream directly to the application

_head of the coating installation and, with the aid of a slit nozzle, it is applied onto an

, ‘approximately 100 pm thick siliconized polyester film (= protective film (5)) at a thickness
.of approximately 100 g per m® (see drawing 2). After going through a roll-cooling installa-
**tion, the two-layer laminate is covered with an approximately 20 um thick polyester film

'I.I(covenng film = (inner) carrier film (2)).

....I
L] ]

+*+From the obtained strip-shaped three-layer laminate, the contours of 12 cm?® matrix pieces

\. oeonse oo

were stamped out, and when doing this, the cover film (2) and the active-ingredient-contain-
ang polymer matrix (1) were cut through, but not the protective film (5). The obtained
ﬁlStance bridges are covered by a grid. On the obtained strip-shaped laminate with
mformat-stampcd TTS matrices, a two-layer self-adhesive overtape film consisting of an
approxxmatcly 80 qm [sic] thick adhesive film (3) based on a crosslinked acrylate copolymer

..ARd an (outer) carrier film (4) made of polyurethane are laminated. The resulting laminate is
$~:amped to 20 cm? plasters consisting of components (1), (2), (3), (4), (5) according to

"'{ﬁawmg 2.

The two-screw extruder used in Examples 1 and 2 has defined length and has spatially
separated feed devices along the longitudinal axis of the extruder for the substances to be

used, called dosage unit or dosing station. Furthermore, the two-screw extruder can be

divided along its length into process zones which can fulfill different purposes. For example, 2
process zone may have a different thermal setting in relation to another.
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Flux measurements of oxybutynin in vitro

a) Flux measurements through mouse skin
A TTS with a stamped area of 2.5 cm? is fixed in a horizontal diffusion cell on the
horny layer side of the stomach and back skin of hairless mice. Directly afterward,
the acceptor chamber of the cell is filled with a phosphate buffer solution having pH
6.2 (Ph. Eur., pH 6.4 R; adjusted to pH 6.2 with phosphoric acid), with its tempera-
ture controlled at 32°C so that there are no air bubbles and the release medium is
thermostated to 32 + 0.5°C.

At the sampling times (after 3, 6, 24, 30, 48, 54 and 72 hours) the release medium is
replaced by fresh medium thermostated 32 + 0.5°C.

Flux measurements through human skin
The test was carried out according to Tiemessen (Harry L. G. M. Thiemessen et al. Acta Pharm. Techno

34 (1998), 99-101). According to this described method, the flux measurement was
carried out in a flow-through cell on freshly prepared, approximately 200 um thick
cseeet human skin, which was placed on a silicone membrane with its acceptor side (accep-
L tor medium: phosphate buffer solution pH 6.2; thermostated to 32 £ 0.5°C).

The samplings were done after 3, 6, 9, 12, 15, 21, 24, 27, 30, 36, 42, 48, 54, 60, 66
“s222”  and 72 hours.

PR The oxybutynin content in the release and acceptor medium of the described model is
veees  determined with the aid of high-performance liquid chromatography (stationary phase:
Cupelcosil LC-8-DB, 150 mm x 4.6 mm, 3 um; 45°C; eluent: 29 parts by volume of
acetonitrile and 71 parts by volume of a solution of 8 g of triethanolamine in 1000
mL of demineralized water, adjusted to pH 3.5 with phosphoric acid; UV detection at
200 nm; flow rate: 2.0 mL/minute; injection volume: 25 uL).

The results of the investigations are shown in Table 1 for Examples 1 and 2. The
comparison with the flux rates known from the state of the art (see WO 95/09007 Al)
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in EVA-based polymer matrix systems shows that the oxybutynin is liberated from the
TTS according to Examples 1 and 2 according to the invention in the "steady-state” at
rates which are in the upper range or above of those in the state of the art. This is
surprising since the flux rates of EVA-based polymer matrix systems known from the
state of the art can only be achieved by having special additives present which
enhance the penetration of oxybutynin through human skin in comparison to saturated

solutions.

Furthermore, as the results of Table 1 show, with the matrix systems according to the
present invention, surprisingly, a mean skin permeation rate (flux) is achieved which
is clearly above the saturation fluxes of oxybutynin from the low-viscous solution
described in WO 93/23025 Al, produced without any skin penetration enhancer
(substances which are supposed to increase the permeability of skin to oxybutynin).
With an acceptor medium temperature-controlled to a temperature by 3°C lower than
described in the literature data, the flux measurement on the plasters according to the
invention were carried out even under conditions which are clearly unfavorable for
the penetration of the active ingredient. Furthermore, Table 1 shows that with the
matrix systems according to Examples 1 and 2, over the investigation time period of 3
days, a high exhaustion of the amount of active ingredient contained in the polymeric
carrier material is achieved.

rugé 1 ‘?xybutym’n flux rates through excised skin preperations (Examples 1 and 2)

O ° . — ]
cees’ oxybutynin soatent of stcady-sace mean cumulative flux
e®e®%e matrix or donot flux rate mg/12 cm?)
2 (weight %) (pg/cm*h)
oo aficr 24 b afer 48 b after 72 b
Etddgle 11 mouse skin 15 9.8 32 5.8 8.1
L] L ] L]
%’ (18 mg/12 cmr®) (17.5)° (32.3)* (45.0)*
Exameie I: buman skin 15 8.9 1.6 42 6.7
(Thiemessen model) (18 mg/12 c?® (8.9)* (23.9)* (37.1)
n=4
litcranure daca*®
(1) WO 95/05007 A1 | 25 range from approxi-
mately 4 10 10
(2) WO 93723025 Al: samrated solutions range from approxi-
oxyburynin solutions without rately 2.5w 4
special penetraton enhancer

D) = curnulanve 1lux weight %. bascd on the acuve ingredient conwent of tbe mamx (100?: = 18 mg)

ow) = 1e5t5 on excised human skin: receptor medium 0.05 M phosphate buffet, pH 6.5; 35°C.

15



- 15A -

For the purposes of this specification it will be clearly
understood that the word “comprising” means “including but
not limited to”, and that the word “comprises” has a

corresponding meaning.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Transdermal therapeutic system (TTS) for the
transcutaneous administration of oxybutynin over a period
of at least one day, the TTS containing a self-adhesive
layer-form oxybutynin-containing matrix mass, which
comprises an ammonium-group-containing (meth)acrylate
copolymer, at least one citric acid triester and 5-25

weight % of oxybutynin.

2. Transdermal therapeutic system (TTS) for the
transcutaneous administration of oxybutynin over a period
of at least one day with an attachment aid for attaching
the TTS onto the skin, the TTS containing a self-adhesive
layer-form oxybutynin-containing matrix mass, which
comprises an ammonium-group-containing (meth)-acrylate
copolymer, at least one citric acid triester and 5-25
weight % of oxybutynin, and wherein the matrix mass is
surrounded by a larger, active-ingredient-free plaster for
attachment onto the skin, with the exception of its
release surface, at the application site.

3. TTS according to claim 1 or claim 2, in which the

oxybutynin-containing matrix mass is a solid solution.

4. TTS according to any one of claims 1 to 3, in
which the oxybutynin-containing matrix mass contains

citric acid tributyl ester.

5. TTS according to any one of claims 1 to 4, in
which the oxybutynin-containing matrix mass contains
citric acid tributyl ester in a mixture with citric acid
triethyl ester.

6. TTS according to any of claim 1 to 5, in which
the TTS includes a carrier film that supports the matrix.

H:\suzanneg\Keep\Speci\31452-99.-AMENDMENTS - JSB.doc 27/08/01
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7. TTS according to claim 6, wherein the carrier
film has a metal vapor or oxide coating on the matrix

side.

8. Method for the preparation of a transdermal
therapeutic system (TTS) for the transcutaneous
administration of oxybutynin, comprising the steps of
dosing oxybutynin continuously as a solid substance into a
polymer melt heated up to 150°C, comprising an ammonium-
group-containing (meth)acrylate copolymer and citric acid
triester, so that a polymer melt with an oxybutynin
content of up to 25 weight % and a citric acid triester
content of up to 33 weight % is obtained, coating the
active-ingredient-containing polymer is coated immediately
after the dosing of the active ingredient on to a carrier
to a thickness of 0.02-0.4 mm, and providing the obtained
laminate with a covering layer on the other side of the

matrix.

9. Method according to claim 7, wherein an active-
ingredient-free plaster is added to the two-layer laminate
with the cover layer in order to attach the TTS onto the
skin.

10. A TTS substantially as herein described with

reference to the accompanying examples and drawings.
11. A method for the preparation of a TTS

substantially as hereinbefore described with reference to

the accompanying examples and drawings.
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The invention is concerned with a transdermal therapeutic system (TTS) for the transcutane-
ous administration of oxybutynin over several days, as well as with a method for its
preparation without the use of solvents.

The TTS contains an oxybutynin-containing matrix mass in the form of a layer which is self-

adhesive and the matrix mass consists of ammonium-group-containing (meth)acrylate
polymers, at least one citric acid triester and 5-25 weight % of oxybutynin.

- 8-
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