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ABSTRACT

A transdermal therapeutic system comprising a largely water
vapour-impermeable backing layer, at least one active

5 substance-containing matrix layer comprising the active
substance tulobuterol, as well as a removable protective
layer, is characterized in that said matrix is built-up on
the basis of polyacryvlate pressure-sensitive adhesives and
contains tulobuterol in the form of its salt tulobuterol

10 hydrochloride as active substance.
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Transdermal therapeutic system containing tulobuterol
hvdrochloride for administering the bronchodilator

tulobuterol via the skin

This invention relates to a transdermal therapeutic system
containing tulobuterol hydrochloride, which system enables
the administration of the bronchodilator tulobuterol via
the skin. The transdermal medicinal preparation i1s suitable

for treatment of asthmatic diseases.

Tulobuterol is a medicinal agent from the group of the

R-sympathomimetics. It is predominantly active on the

R, -receptors of non-striated muscles, for example, in the

bronchi. Due to its having the properties of reducing the
bronchial muscular tone and effecting a relaxation of the

bronchial muscles, tulobuterol is being used in the therapy

of asthmatic diseases.

Apart from oral administration forms, from the literature
there are also known transdermal application systems for
tulobuterol which can be successfully utilized in asthma
therapy. Transdermal therapeutic systems containing tulo-
buterol have been described, for example, in JP 63-10716 A,
US 5 254 348, US 5 312 627, US 5 571 530 and US 5 639 472.

US 5 254 348 discloses a transdermal therapeutic system the
tulobuterol-containing matrix of which is built-up on the
basis of a styrene-1l,3-diene-styrene block copolymer or a
styrene-isoprene~styrene block copolymer.

US 5 312 627 describes a transdermal therapeutic system
suitable for administering active substances having
bronchodilatory action, e.g. tulobuterol. As a matrix poly-

mer, polyvisobutvlene is used.
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In US 5 571 530 there is likewise described a percutaneous
composition comprising the active substance tulobuterol,

with the active substance being present in a polymer matrix

made up of a mixture of polyisobutylenes.

From US 5 639 472 there is known a tulobuterol-containing
composition suitable for percutaneous absorption. It is
characterized by the fact that tuloburetol 1is present both
in dissolved as well as in crystalline form in the

pressure-sensitive adhesive layer of the plaster.

Finally, in EP 0 922 453 A2 there i1s disclosed a device for
the percutaneous administration of tulobuterol. This
administration form comprises a pressure-sensitive adhesive
acrylate layer containing at least 5%-wt. of tulobuterol as
free active substance base in completely dissolved
condition. The act:i.ire substance remaing dissolved so that
there is no loss of action by crystallization.

A suggestion as to the possible use of salts of tulobuterol
or even of the hydrochloride is not found in EP 0 922 453
A2.

In the above-described tulobuterol-containing transdermal
therapeutic systems, tulobuterol is preferably utilized as
a free base, the reason for this being that the free base
on account of its hydrophobic character can be readily
absorbed via the skin, whereas the saits of tulobuterol
(e.g. tulobuterol hydrochloride) are more strongly hydro-
phile, which results in a poorer ability to penetrate the
skin. For this reason tulobuterol hvdrochloride has here-
tofore only been used for peroral therapy, but not for
transdermal administration. Only US 5 254 348 also
mentions, in general terms, the pharmaceutically acceptable

salts of tulobuterol, without, however, dealing in more
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detail with the problem of the hydrophilicity or of the
poorer capacity for skin penetration of the salts.

Apart from its poorer capacity to penetrate the skin, the
use of tulobuterol hydrochloride instead of the free base
also affords some remarkable advantages. Firstly, it has
been used in asthma therapy for a much longer time and on a
far wider scale. This means that one is able to have
recourse to considerably more extensive material relating
to the toxicology and pharmacology of this active sub-
stance. Secondly, due to its being used world-wide on a
larger scale, tulobuterol hydrochloride is obtainable on
commercially more favourable conditions and from a greater
number of sources of supply than the free base. It 1s also
considered an advantage that tulobuterol hydrochloride is
monographically described in the Japanese pharmacopoeia
(JP XIII). Therefore - by contrast to the case of tulo-
buterol - there already exists a pharmaceutical quality

standard which can be made use of for world-wide approval.

Tt was therefore the object of the present invention to
provide a transdermal administration form which enables the
administration of tulobuterol in the form of its salt
tulobuterol hydrochloride, and which has the advantages
entailed in the use of tulobuterol hydrochloride.

In addition, with such transdermal administration form the

intention is to obtain skin permeation rates sufficient to

ensure therapeutic application.

This object is surprisingly achieved by a transdermal
therapeutic system according to Claim 1. A transdermal
therapeutic system according to the invention has a
structure comprising a largely water vapour-impermeable
backing laver, at least one active substance-containing
matrix layver and a removable protective layer. The pharma-

ceutical product according to the present invention
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contains tulobuterol in the form of its salt tulobuterol
hvdrochloride, the active substance being present in a
polymer matrix that is built-up on the basis of poly-
acrylate pressure-sensitive adhesives.

Using tulobuterol hydrochloride, permeation rates of tulo-
buterol through human skin in vitro of more than

300 ng/cm2.d were achieved by means of the application
system according to the invention (cf. FIG. 1l). In view of
the fact that this substance is a relatively hydrophile
salt form of an active agent, this is a surprisingly high
permeation rate. It is assumed that tulobuterol hydro-
chloride, after its release from the TTS, permeates through

the skin in the form of the free base tulobuterol.

By means of the administration form of the invention the
dalily doses of 0.5 to 6 mg of tulobuterol hydrochloride,
which are usual in peroral administration, can be admin-
istered also via the transdermal route. Preferably, the
transdermally administrable daily doses are in the range of
2 to 4 mg. The duration of application may extend up to
three days and beyond. Thus, because of their active
substance release characteristics the tulobuterol hydro-
chloride-containing transdermal therapeutic systems
described herein are suitable for therapeutic use, for

example, in cases of asthmatic diseases.

The active substance content of the matrix or the active

substance concentration can be varied in wide ranges. In a
preferred embodiment of the invention the mass content of
tulobuterol hydrochloride lies in a range of 2.5 to 20%,
preferably in a range of 5 to 10%, relative to the total

mass of the active substance-containing matrix.

The base substance of the matrix layer or matrix layers, of

which at least one has a content of tulobuterol hydro-
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chloride, is built-up on the basis of polvacrylate
pressure-sensitive adhesives. Polymers or polymer mixtures
suitable for this purpose are known to those skilled in the
art; to be considered are first of all polvacrylic, poly-~
methacrvlic, and polymethylmethacrylic acid and their
derivatives as well as acrvlic-acid ester copolymers. To
adapt the mechanical properties of the matrix (e.g.
cohesion, elasticity) to specific requirements, it 1is
possible to add further polvmers, for example, polyvinvl
acetate, silicone polymers, polvisobutyvlenes, polyisoprene

or styrene-containing block copolymers.

Particularly good results can be obtained with an embodi~
ment of the invention wherein the polymer composition of
the active substance-containing matrix contains a polymer
having amino-functional groups in its side chains. The mass
portion_ of this polymer amounts to 2 to 20%, preferably 10
to 16%, relative to the mass of the active substance-
containing matrix. Preferably, as the polymer with amino-
functional groups, a butyl methacrylate-(2-dimethyl-
aminoethyl ) -methyl methacrylate copolymer wherein the

monomers are present 1in the molar ratio of 1:2:1

(= Eudragit® E-100) is used.

In the simplest case, the transdermal system according to
the present invention comprises - besides the backing and
the protective layer - only a single active substance-
containing matrix layer. An especially preferred embodiment
is, however, one characterized by a second matrix layver,
likewise containing tulobuterol hyvdrochloride. The two
active agent-containing layers are in this case laminated
upon each other. The extent of the active substance load
may be selected so as to be the same in both lavers, but
may also be chosen to be different. Typically, the two

active substance-containing lavers will have the same
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content of additives. For certain applications it may,
however, be of advantage if the two layers differ from each

other in respect of their content of additives. It is also
possible to choose different polymer compositions for the

matrix.

A further preferred embodiment variant provides that in the
state immediately following manufacture, at least one of
the matrix lavers does not contain active substance. For
example, in the case of a two-layer matrix the skin-facing
matrix layver can be free of active agent, whereas the
second matrix laver (reservoir layer) located directly
thereabove contains tulobuterol hydrochloride. After manu-
facture and during the application period the active
substance diffuses from the latter layer into the skin-
facing, previously active substance-free matrix layer, from
which the permeation into the skin can take place. The
manufacture of the latter active substance patches is
advantageous in terms of production logistics, one has to
accept slightly lower rates of active substance release,

however.

In certain cases it may be advantageous if the therapy with
tulobuterol is combined with the therapy with one or more
additional active substances. For this reason, there are
provided further embodiments wherein at least one further

matrix layer contains one or more further pharmaceutical

active agents.

To improve the release of tulobuterol hydrochloride it is,
in addition, possible to add skin permeation-enhancing
additives to the matrix layers. Especially suitable for
this purpose are saturated or unsaturated fatty acids,
singly or in combination, preferably lauric acid, myristic
acid or oleic acid. The matrix layer may have a content of
2 to 20%, preferably 5 to 10%, of fatty acids, relative to

" ALY § e S VIY P g — - —— —
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the total mass of the matrix layers. Combinations of
different fatty acids may be used to advantage.

Suitable as permeation-enhancing additives are furthermore
substances from the group of low-molecular mono- or poly-
valent alcohols, fatty alcohols, fatty alcohol ethers,
polyoxyethylated fatty alcohols, fatty acid esters
(especially monoglycerides and monoesters with propylene
glycol), as well as sorbitan fatty acid esters and
polyoxyethylated sorbitan fatty acid esters.

Furthermore, the active substance-containing matrix layers
may contain plasticizers, tackifiers, cohesion-promoting
additives, stabilizers, fillers and similar additives. The
substances suitable for this purpose are known to those
skilled in the art.

According to a further preferred embodiment, the active
substance-containing matrix of the tulobuterol hydro-
chloride-containing transdermal active substance patches
has a weight pe:r.: unit area of at least 120 g/m2. Such
above-average laver-thicknesses of the matrix ensure, in
particular, a constant, high release rate over a period of

more than 24 hours.

The materials which can be used for the substantially
water-impermeable backing layer and for the detachable
protective laver are known to those skilled in the art. For
the backing laver, polyvmer films, above all polyester, are
suitable which are characterized by particular strength and
resistance to diffusion, but apart from these almost any
other skin-tolerable plastics such as polyvinyl chloride,
ethvlene-vinyl acetate, vinyl acetate, polyethylene,
polvpropyvlene, cellulose derivatives, and many more. In
particular cases, the backing layer may be provided with an
additional overlay, e.g. by vapour-deposition with metals
or other diffusion-blocking additives such as silicon

dioxide, aluminium dioxide or simlilar substances known to

- —— L P Y WP A — — = b o | S el
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those skilled in the art. To improve 1its outer appearance,
the backing layver may also be varnished skin-coloured on
the outer side, or treated in some other way.

Dependent on the strength and. permeability of the selected
material, the thickness of the film-like backing layer
usually is 8 to 80 um. For particular purposes it may,
however, also be adjusted to be thicker or thinmer than

these values.

The detachable protective layer to be removed prior to
applidat:i.on of the patch is preferably made up of polyester
material (e.g. polyethylene terephthalate film), but any
other skin-tolerable plastics may also be used, such as
polyvinyl chloride, ethylene-vinyl acetate, vinyl acetate,
polyethylene, polypropylene, or cellulose derivatives. In
particular cases, vaporization with metals or other
diffusion-blocking additives such as silicon dioxide,
aluminium oxide and the like may be carried .out. In any'
case, it is necessary to provide a surface coating with
dehesive materials, for instance with silicones or
fluorine-containing plastics on the side facing the

adhesive matrix, for the compound to remain readily
detachable.

Especially after a prolonged storage time, slight yellowing
can occur in the tulobuterol HCL-containing TTSs;
furthermore, after several months, slight recrystallization
was observed as a sign of a certain oversaturation with
tulobuterol-HCL. To avoid such unwanted changes, various
additives from the field of antioxidants and metal ion
complexing agents were tested.

It was found that it is possible to achieve particularly
effective suppression of the yellowing by a combination of
a phenolic antioxidant and a polyvalent acid (or its
salts). As antioxidant, butylhydroxytoluene (BHT) or
butylhydroxyanisole (BHA) is utilized with preference. As

U oot oo pese=—=r= e e e SR s s e e
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acids, citric acid or ethvlenediaminetetraacetic acid
(EDTA) or its salts, such as disodium EDTA are preferably
used. It was surprisingly found that by adding the above-
mentioned antioxidants and complexing agents, not only will
the discolouring be suppressed but at the same time there
will be no recrystallization.

For this reason it 1is provided in accordance with the best
possible embodiment of the invention that the tulobuterol-
containing TTSs contalin at least one additive from the
group of antioxidants, preferably phenolic compounds, more
preferably butyvlhydroxytoluene or butylhydroxyanisole, as
well as in addition at least one further additive from the
group of metal ion complexing agents, preferably citric
acid or ethyvlenediaminetetraacetic acid, especially

preferred ethylenedigminetetraacetic acid-disodium salt

(Na EDTA) .

In the following, the invention will be described by means
of examples. These examples do not limit the invention in

any wav.
Examples

The examples of transdermal therapeutic systems according
to the invention listed in TAB. 1 all have a structure
comprising a backing laver, a tulobuterol hydrochloride-
contalining reservolr laver (as the first matrix laver) and
an optionally active substance-free, skin-facing pressure-
sensitive adhesive layer. The skin-facing matrix or
pressure-sensitive adhesive layer 1is covered with a
removable protective f£ilm.

"Optionally active substance-free" means that the skin-
facing layer is not loaded with tulobuterol hvdrochloride

during manufacture and is therefore free of active sub-

CA 02387143 2002-04-11
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stance in the initial state. After manufacture and during
application, diffusion of the active substance occurs from
the reservoir layer through the active substance-free skin-
facing layer in the direction towards the skin, followed by
the permeation of the active substance through the skin.

To prepare the active substance-containing matrix layers,
initially tulobuterol hydrochloride (tulobuterol-HCl) was
dissolved in ethanol. Then the other components, including
the matrix polymers, were added to this solution, in the

suitable amount of usual organic solvents.

The organic solvents were then coated onto a siliconized

polyvethvlene terephthalate film (100 um thickness) using a
hand pull frame for films, and dried for 10 min at 80°C in

. the exhaust alir oven.

The reservoir layer and skin-facing layer obtained in this
manner were mechanically laminated to each other, the
protective film of the reservoir layer was removed, and
this layver was covered with a polyethylene terephthalate
film (15 uym thickness) as permanent backing layer.

The suitability of the examples of application systems
prepared according to TAB. 1 for a transdermal therapy with
tulobuterol was tested on the model of excised human full-
thickness skin. The tests were made using modified per-
meation cells according to FRANZ at 32°C in the manner
known to those skilled in the art.

Measurements of the quantities of tulobuterol having passed
through the skin samples were performed by means of HPLC.
The results are shown in FIG. 1.

The values indicated represent the mean value and standard

deviation for respective n=3 skin samples.

Examples 1 and 2 show a structure wherein the skin-facing

layer in the initial state is active agent-free. After
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manufacture, diffusion of the active substance takes place
into this layver, too. This structure is advantageous in
terms of production logistics, the release rates through
human skin obtained in vitro are, however, comparatively

5 low since the system as a whole enables only a lower total
load with tulobuterol-HCl.

In Examples 3 and 4, tulobuterol-HCl is contained in both
lavers in equal concentration. The total load is higher
10 than in Examples 1 and 2. This is also reflected in a

markedly increased release performance in vitro.

Example 3 is slightly superior to Example 4 in respect of

its release rate. The slightly lower portion of Eudragit®

15 E100 compared to Example 4 obviously at the same has a

positive effect on the release performance.

It should be emphasized that in all four examples a linear
release behaviour is obtained for the active agent tulo-

20 buterol which is maintained for at least up to 72 h
(FIG. 1).

Example 5 shows a formulation corresponding to the best
possible embodiment of the invention. Both the skin-facing
25 layer as well as the reservoir layer contain a combination
of a phenolic antioxidant (butylhydroxytoluene, BHT) and
ethylenediaminetetraacetic acid (disodium salt), which
results in a reliable prevention of the yellowing of the
TTSs and of the recrystallization of the active substance

30 tulobuterol during the period of storage.
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Example | Weight Per Unit | Reservoir Layer Skin-Facing Layer

No. Components

1 154.3 Tulobuterol-HClL 11.6 | Tulobuterol-HCl ~~-~
Eudragit® E100 13.7 | Eudragit® E100 10.0
Durotak® 2287* 74.7 | Durotak® 2287 77.5
Oleic Acid -=== | Oleic Acid 12.5

2 166 Tulobuterol-HCl 16.3 | Tulobuterol-HCl ~--
Eudragit® E100 19.3 | Eudragit® E100 10.0
Durotak® 2287* 64.4 | Durotak® 2287* 72.7
Oleic Acid ---- [ Oleic Acid 17.3

3 162.1 Tulobuterol-HCI 11.6 | Tulobuterol-HCI 11.6
Eudragit® E100 13.7 | Eudragit® E100 15.1
Durotak® 2287* 68.5 | Durotak® 2287* 67.1
Oleic Acid 6.2 | Oleic Acid 6.2

171.3 Tulobuterol~HCI Tulobuterol~HCI
Eudragit® E100 Eudragit® E100
Durotak® 2287* Durotak® 2287*
Oleic Acid Oleic Acid
159.0

Tulobuterol-HCI Tulobuterol--HCI
Eudragit® E100 Eudragit® E100
Durotak® 2287* Durotak® 2287%*
Oleic Acid Oleic Acid
BHT BHT
NaQEDTA

* cross-linked by aluminium ions (0.05 mass percent)

% % relative to the sum of reservoir layer and skin-facing

layer

- ——— ¢ —— b s d R TAR b
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BHT = butylhydroxytoluene; Na EDTA = ethylenediaminetetra-

acetic acid, disodium salt

The percentages given in the table refer to mass portions
(m/m), relative to the total mass of the respective matrix

layer.
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CLAIMS

1. Transdermal therapeutic system comprising a largely
water vapour-impermeable backing layer, at least one active
substance~-containing matrix layer comprising the active
substance tulobuterol, as well as a removable protective
laver, characterized in that said matrix is built-up on the
basis of polyacrylate pressure-sensitive adhesives and
contains tulobuterol in the form of its salt tulobuterol

hvdrochloride as active substance.

2. Transdermal therapeutic system according to Claim 1,
characterized in that the mass content of tulobuterol
hvdrochloride is 2.5 to 20%, preferably 5 to 10%, relative
to the mass of the active substance-containing matrix.

3. Transdermal therapeutic system according to Claim 1 or
2, characterized in that the active substance-containing
matrix contains a polymer having amino-functional groups in
its side chains and that the mass content of said polymer
is 2 to 20%, preferably 10 to 16%, relative to the mass of
the active substance-containing matrix.

4. Transdermal therapeutic system according to Claim 3,
characterized in that as the polymer comprising amino-
functional groups a butyl methacrylate- (2-dimethyl -
aminoethyl) -methyl methacrylate copolymer is used.

5. Transdermal therapeutic system according to one or
more of the preceding claims, characterized in that it
comprises a second tulobuterol hydrochloride-contalning

matrix laver.

6. Transdermal therapeutic system according to one or

more of the preceding claims, characterized in that in the

state immediately after its manufacture it comprises at
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least one further matrix layer based on a polyacrylate

pressure-sensitive adhesive, which layer does not contain

active substance.

7 . Transdermal therapeutic system according to one or
more of the preceding claims, characterized in that it

contains permeation-enhancing additives.

8. Transdermal therapeutic system according to one or
more of the preceding claims, characterized in that it
contains one or more fatty acids in the matrix layer,
preferably lauric acid, myristic acid or oleic acid, said
fatty acid(s) being contained in a concentration of 2 to
20%, preferably of 5 to 10%, relative to the total mass of

the matrix.

9. Transdermal therapeutic system according to one or
more of the preceding claims, characterized in that it

enables the transdermal administration of common daily

doses from 0.5 up to maximally 6 mg, preferably from 2 to 4

mg, of tulobuterol hvdrochloride over an application period

of at least 3 dayvs.

10. Transdermal therapeutic system according to one or
more of the preceding claims, characterized in that at
least one matrix laver contalins one or more additional

pharmaceutically active substances.

11. Transdermal therapeutic system according to one or
more of the preceding claims, characterized in that the
weight per unit area of the active substance-containing

matrix is at least 120 g/m2.

12. Transdermal therapeutic system according to one or

more of the preceding claims, characterized by a content of

at least one additive from the group of antioxidants,
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preferably phenolic compounds, more preferably butyl-
hydroxytoluene or butylhydroxyanisole.

13. Transdermal therapeutic system according to claim 12,
characterized by a content of at least one further additive

from the group of metal ion complexing agents, preferably
citric acid or ethvlenediaminetetraacetic acid, more

preferably ethylenediaminetetraacetic acid~disodium salt

(Na,EDTA) .

14. The use of the transdermal therapeutic system
according to one or more of claims 1 to 13 for the
therapeutic treatment of asthma and related forms of

diseases.

AN IR Y P = e e —ps i -——y
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