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PROPYNYLAMINCINDAN TRANSDERMAL COMPOSITIONS

(JROSS-REFERENCE TO RELATED APPLICATIONS

Pursuant to 35 U.S.C. § 119 (g), this applicaiion claims priority 1o the filing
dates of: United States Provisional Patent Application Serial No. 61/330,018 filed on
April 30, 2010; the disclosure of which application is herein incorporated by

reference.

INTRODUCTION

Monoamine oxidases (MAOS) are enzymes that catalyze the oxidation of
monoamines, such as monoarninergic neurotransmitters, including dopamine.
Because of the role that MAQOS piay in the inactivation of neurotransmitters, MAO
dysfunction (e.g., too much or too littie MAO activity) is thought to be responsibie for
a number of neurological disorders. For example, unusually high or low levels of
MAQOs in the body have been associated with depression, schizophrenia, subsiance
abuse, atiention deficit disorder, migraines, and irregular sexual maturation,

MAOQOs are found in twe main fypes, MAQO type A (MAO-A) and MAQO type B
(MAO-B). MAO-B is more prevalent in the brain, where it is responsible for the
breakdown of dopamine after its release into the synapse. Parkinson's disease is
characterized by the death of cells that use dopamine to transmit their signals, which
results in a decrease in overall synapiic signal strength and an increase in the
symptoms associated with Parkinson’s disease.

Rasagiline (i.e., (R}-N-{prop-2-ynyl}-2,3-dihydro-1 H-inden-1-amine or R(+}-N-
propargyi-1-aminoindan (trade name Azilect®)) is an irreversible inhibitor of
rmonoamine oxidase (MAQ) and is selective for MAO type B over MAQ typs A. By
inhibiting the breakdown of dopamine in the synapse, rasagiline permits the signaling
neurons {o reabsorb more of the released dopamine for reuse later, which may

4 compensate for the diminished guantities of dopamine being produced.
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There is a constant need to administer physiologically active agenis, such as
anti-Parkinson agents (e.g., rasagiline) into human body. Oral administration is the
most commonly used method because it is reiatively simple to do. However, the oral
administration route is often complicated with gastrointestinal irritation and drug
metabolism in the kver. Administration through human skin (fransdermai drug
delivery} is an alternative route to oral adminésiraiion and can provide some
advantages such as the avoidance of first pass metaboiism, conirolled delivery,
more simple desing regime, and better patient compliance. One major drawback of
transdermal route is the limitation of the amount of drug that can be transported
across the skin. in order to increase the amount of drug going through skin, drug
moiecules in free base form are typically used in transdermal rouie. Drugin free
base form is usually not as stabie as drug in salt form. Therefore, stability of drug
often causes concern. Another approach to increase skin permeation is to use
chemical enhancers in the formulation. White delivery through skin can often be
increased with the use of enhancers, they often induce more skin irritation.

There are advantages to deliver rasagiline with transdermal route. Rasagiline
has relatively high potency and short half life. Oral administration may result in peak-
and-valley type plasma profile. Oral adminisiration is often difficult for Parkinsonians.
Transdermal rasagiline deiivery can provide relatively moderate absorption and can
avoid or reduce adverse reaction associated with oral administration, and the dosing

frequency can be reducea from daily {0 every 3 days or even weekly.

SUMMARY

Propynylaminocindan (e.g., Rasagiline) transdermal compaositions are
provided. Aspects of the transdermal compositions include a matrix of the
propynytaminoindan in a pressure sensitive adhesive comprising a carboxylated
polymer. In some instances, the maltrix further includes a cationic acrylic copolymer.
Also provided are methods of using the transdermatl compositions and kits containing
the transdermal compositions.

Embodiments of the invention provide transdermal rasagiline paiches which
exhibit desirable active agent delivery properties. As is known in the art, rasagifine
has 1o penetrate across skin in free base form in order to deliver a therapeutic
effective dose for sustained period of time, such as up to 7 days. Rasagiline free
base is not stabie at room iemperature and can degrade gquickly during room
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temperature storage. Therefore, the use of rasagiline free base in a transdermal
formulation is not a feasible option. To address this degradation issue, rasagiline in
sali form, such as rasagiline mesylate, should be used in transdermal formulations
since rasagiling salts typically have higher melting points and are more stable.
Howaever, a drug ig sali form has a very low penetration rate across skin.

Embodiments of the invention inciude fransdermal formulations that inciude a
weak base, such as a Eudragit or dimethyl triaming, to facilitate the conversion of
rasagiline salt to base. To further balance the conversion from salt to base, e.g., to
avoid burst delivery, embodiments of the inventior: employ pressure sensitive
adhesives containing carboxylated functionality. In certain embodiments of the
invention, the interaction between the weak base material, drug, and the
carboxylated groups in pressure sensitive adhesive provides an optimized delivery of
rasagiline across skin, e.g., as described in greater detail betow.

Aspects of the invention include a transdermal compaosition which includes: a
matrix containing a propynylaminoindan; and a pressure sensitive adhesive
comprising a carboxylated polymer; and a backing. in some instances, the

- propynviaminoindan is N-propargyi-1-amincindan, which may be present as a free

base or as a salt. In some instances, the carboxylated polymer is an acrylic
carboxylated polymer, such as a pressure sensitive adhesive has a composition that
is substantially the same as DuroTak® 87-2852 pressure sensitive adhesive or is
DuroTak® 87-2852 pressure-sensitive adhesive. In some instances, the mairix
further comprises a weak base, such as a calionic acrylic copolymer, e.g., an
aminated methacrylate copolymer such as a copolymer of diethylaminoethyl
methacrylate, butyl methacrylate and methyl methacrylate. In some instances, the
aminated methacrylate copolymer is substantially the same as or is Eudragk@ E£100
aminated methacrylate copolymer. In some instances, the weak base is
triethanolamine. In some instances, the matrix consists of R{+)-N-propargyl-1-
aminoindan free base and DuroTak® 87-2852 pressure sensitive adhesive. In some
instances, the maltrix consists of R{+)-N-propargyt-1-amincindan mesylate,
Fudragit® E100 aminated methacrylate copolymer and DuroTak® 87-2852 pressure
sensitive adhesive. Where desired, the matrix comprises an enhancer. In some
instances, the transdermal compasition exhibits a constant flux of the
propynylaminoindan over an extended period of time. In some instances, the
composition further comprises a release liner,
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Aspects of inferest further inciude methods comprising: applying to a skin
surface of a subject a transdermal compaosition, 2.9., as described above, in g
manner sufficient to achieve a constant fiux of the propynylamincindan over an
extended period of time, such as 72 hours or longer.

Aspects of the invention further include kits comprising twe or more
transdermal compositions, e.g. as described above.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a cross sectional view of an embodiment of the transdermal
active agent formulation described herein.

Figures 2 to 8 show graphs of flux as a function of time (middie point between
the two sampling time points) for various formulations.

DeETAILED DESCRIPTION

Propynylaminecindan (e.g., Rasagiline) fransdermal compositions are
provided. Aspects of the transdermal compaositions inciude a matrix of the
propynylamincindan in a pressure sensitive adhesive comprising a carboxylated
polymer, In some instances, the matrix further includes a cationic acrylic copolymer,
Also provided are methods of using the transdermal compositions and kits containing

the transdermal compositions.

Before the present invention is described in greater detail, it is to be
understood that this invention is not limited to particular embodiments described, as
such may, of course, vary. It is also 10 be understood that the terminology used
hersin is for the purpose of describing particular embodiments only, and is not
intended to be limiting, since the scope of the present invention will be limited only by
the appended claims.

Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included in the
smaller ranges and are also encompassad within the invention, subject to any

4
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specifically excluded limit in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those included limits are also
included in the invention.

Certain ranges are presented herein with numerical values being preceded by
the term "about." The term "about” is used herein 1o provide literal support for the
exact number that it precedes, as well as a number that is near to or approximately
the number that the term precedes. In determining whether a number is near 1o or
approximaiely a specifically recited number, the near or approximating unrecited
number may be a number which, in the context in which it is presented, provides the
substantial equivalent of the specifically recited number.

Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Although any methods and materials similar or
equivalent to those described herein can' also be used in the practice or testing of the
present invention, representative illustrative methods and materials are now
described.

All publications and patents cited in this specification are herein incorporaied
by reference as if each individual publication or patent were specifically and
individually indicated 0 be incorporated by reference and are incorporated herein by'
reference to disclose and describe the methods and/or materials in connection with
which the publications are cited. The citafion of any publication is for its disciosure
prior to the filing date and should not be construed as an admission that the present
invention is not entitied to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the actual publication
dates which may need to be independently confirmed. _

It is noted that, as used herein and in the appended claims, the singular forms
"a", “an’, and "the” include plural referents unless the coniext clearly dictates
ctherwise. It is further noted that the claims may be drafted to exclude any optional
element. As such, this statement is intended 1o serve as aniecedent basis for use of
such exclusive terminology as “solely,” “only” and the like in connection with the
recitation of claim elements, or use of a “negative” limitation.

As will be apparent to those of gkill in the arf upon reading this disclosure,
each of the individual embodiments described and illustrated herein has discrete
components and features which may be readily separated from or combined with the
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features of any of the other several embodiments without departing from the scope
or spirit of the present invention. Any recited method can be carried out in the order
of events recited or in any other order which is logically possible.

In turther describing various embodiments of the invention, aspects of the
transdermal compositions are reviewed first in greater detail, followed by a detailed
description of embodiments of using the transdermal delivery systems and a review
of kits that include the transdermal delivery systems.

PROPYNYLAMINOINDAN TRANSDERMAL COMPOSITIONS

As summarized above, propynylaminoindan transdermal compaositions are
provided. Transdermal compositions of the invention are formulations that are
configured 1o transdermally deliver an active agent, specifically a
propynylamincindan, to a subject when topically applied to a skin surface of a
subject. The compositions of the invention include a propynylaminoindan active
agent layer, wherein the propynylaminocindan active agent fayer is formulated fo
provide for multi-day delivery of a therapeutically effective amount of a
propynylaminoindan active agent (o a subject when the composition is fopically
applied to said subject. By multi-day delivery is meant that the layer is formulated to
provide a therapeutically effective amount 10 a subject when the composition is
applied to a skin site of a subject for a period of time that is 1 day or longer, such as
2 days or longer, e.g., 3 days or longer, such as 5 days or longer, including 7 days or
longer, such as 10 days oy longer. By therapeutically effective amount is meant that
the compositions, when applied {0 a skin site of a subject during its intended time of
application, e.g., within 7 days of application, provides for a systemic amount of
propynytaminoindan that provides a desired therapeutic activity. In some
embodiments, the compositions provide delivery of a target dosage of active agent
that is 0.5 mg/day or greater over a one week period (i.e., 7 days or 168 howrs),
including 1.0 rmg/day or greater over a one week period, such as 10 mg/day or
greater over one week.

Transdermal compaositions according to certain embodiments of the invention
exhibit a substantially constant flux of the propynylaminoindan active agent over an
extended pertod of time. By substantially constant flux is meant that the magnitude of
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any variation in flux over the extended period of time is 100% variation in flux or less,
such as 80% variation in flux or less and including 50% variation in flux or less, e.g.,
40% variation in flux or less, 30% variation in flux or fess, such as 25% variation in
flux or less, such as 20% variation in flux or less, including 15% variation in flux or
less, e.g., 10% variation in flux or less. The extended period of time over which
substantially constant flux is observed may vary, and in some instances is 24 hours
ot longer, such as 48 hours or longer, including 72 hours or longer, e.g., 96 hours or
longer. While the actual flux may vary, in some instances {(e.g., as determined using
the skin permeation assay reported in the Experimental Section, below) skin
permeation rates of 0.5 pg/cm?/hr or greater, such as 1 pg/cm?/hr or greater,
including 10 pg/em?hr or greater are provided by the compositions. In some
instances, formulations of the invention exhibit substantially reduced burst delivery of
agent immediately following application of the formulation to the skin, e.g., as
compared to a control formulation in which the pressure sensitive adhesive does not
include carboxylated functionalily (such as control pressure sensitive adhesives
employed in the Experimental Section, below). By substantially reduced burst deliver
is meant a reduction of 10% or more, such as 20% or more, e.9., 25% or more, 33%
or more, 40% or more, 50% or more, including 66% or more, 75% or more, including
90% or more. in some instances, the formuiations are configured to provide
substantially zero-crder delivery of the active agent.

The size (i.e., area) of the iransdermal compositions may vary. in certain
embodiments, the size of the compasition is chosen in view of the desired
transdermal flux rate of the active agent and the target dosage. For example, if the
transdermal flux is 3.4 pg/em?/hr and the target dosage is 5 mg/day, then the
transdermal composition is chosen to have an area of about 43 cm?. Or for example,
if the transdermal flux is 3.4 pg/cm®/hr and the targei dosage is 10 mg/day, then the
transdermal paich is chosen have an area of about 87 cm®. |n certain embodiments,
the compositions have dimensions chosen to cover an area of skin when applied to a
skin site that ranges from 10 to 200, such as 20 to 150, including 40 to 140 cm?.

The propynylaminoindan active agent layer of the compositions may vary in
thickness. In some instances, the thickness of the active agent layer (i.e., matrix)
ranges from 25 to 250, such as 50 to 200, including 100 to 150 micrometers in
thickness.
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In some embodiments, the compositions of the invention include a
propynylaminoindan active agent layer, a backing fayer and releage iiner, For
example, FIG. 1 a composition 1 according to an embodiment of the invention,
where the composition 1 includes a backing layer 2, a propynylaminocindan active
agent layer 3 (i.e., matrix), and a release liner 4. Each of these layers is now
described in greater detail.

Matrix

As reviewed above, transdermal compositions of invention include an active
agent containing matfrix present on a surface of a backing. Matrix layers of interest
include an amount of propynylamincindan active agent present in a pressure
sensitive adhesive. Propynylaminoindans of interest include compounds that are
described above the formuia:

wherein R, is H,-OR,, or

wherein Ry is Cs-C, alkyl, and Rs is H or G4-Cy4 alkyl. in some instances, the
propynylamincindan is N-propargyl-1-aminoindan (i.e., Rasagiline).

The propynylaminoindan active ageni may be present in the mairix as a free
base or sall. Pharmaceutically acceptable salis include, but are not iimited fo, the
mesylate, maleate, fumarate, tartrate, hydrochioride, hydrobromide, esylate, p-
toluenesulfonate, benzoate, acetale, phosphate and sulfate salts. in addition, the
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propynylamincindan may be present as a racemic mixiure or as a pure enantiomer,
such as the R or L enantiomer of the active agent.

In some instances, the propynylamincindan in the matrix is solely R(+)-N-
propargyl-1-aminoindan free base. In some instances, the propylnylaminoindan is
solely R(+)-N-propargyi-1-aminoindan mesylate.

The amount of propynyiaminocindan present in the matrix may vary. In some
instances, the amount of propynylaminoindan may range from 5 mg to 50 mg, such
as 10 mg to 40 mg and including 15 mg to 30 mg.

As reviewed above, the matrix includes a pressure sensitive adhesive. The
terms "pressure sensitive adhesive”, “self adhesive”, and “self stick adhesive” mean
an adhesive that forms a bond when pressure is applied {0 adhere the adhesive with
a surface. In some instances, the adhasive is one in which no solvent, water, or heat
is needed o activate the adhesive. For pressure sensttive aghesives, the degree of
bond strength is proportional to the amount of pressure that is used to apply the
adhesive {0 the surface.

Pressure sensitive adhesives of interest include, but are not limited to
carboxylated polymer, such as carboxylated acrylate copolymers. Acrylate
copolymers of interest include copolymers of various monomers which may be "soft”
monomers, “hard” monomers, and optionally “functional” monomers. Aiso of interest
are blends including such copclymers. The acrylate copolymers can be composed of
a copoiymer inciuding bipolymer {i.e., made with two monomers}, a terpolymer (i.e.,
made with three menomers), or a tetrapolymer (i.e., made with four monomers), or
copolymers made from even greater numbers of monomers. The acrylate
copolymers can include cross-linked and non-cross-linked polymers. The polymers
can be cross-linked by known methods 1o provide the desired polymers.

Monomers from which the acrylate copolymers are produced include at least
two or more exemplary components selected from the group including acrylic acids,
alkyl acrylates, methacrylates, copolymerizable secondary monomers or monomers
with functional groups. Monomers (“soft” and “hard” monomers) of interest include,
but are not limited to, methoxyethyl acrylate, ethyl acrylate, butyl acrylate, butyl
methacrylate, hexyl acrylate, hexyl methacrylate, 2-ethylbutyl acrylate, 2-ethylbutyl
methacrylate, isocctyl acrylate, isooctyl methacrylate, 2-ethylhexyl acryiate, 2-
ethylhexyl methacrylate, decyl acrylate, decyt methacrylate, dodecy! acrylate,
dodecyl methacrylate, tridecyl acrylate, tridecyl methacrylate, acrylonitrile,
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methoxyethyl acrylate, methoxyethyl methacrylate, and the like. Additional examples
of acrytic adhesive monomers are described in Satas, "Acrylic Adhesives,”
Handbook of Pressure-Sensitive Adhesive Technology, 2nd ed., pp. 396-456 (D.
Satas, ed.), Van Nostrand Reinhold, New York (1989).

Of interest are acrylate copolymers that include polar functional monomeric
residues. Of specific interest are monomeric residues that provide for -COQOH
functional groups. Useful carboxylic acid monomers to provide the -COOH functional
group may contain from about 3 to aboui 6 carbon atoms and include, among others,
acrylic acid, methacrylic acid, itaconic acid, and the like. Acryiic acid, methacrylic
acid and mixtures thereof are employed in certain embodiments acids. The
functional monomer(s) are present in certain embodiments of the copolymers in an
amount of 2 wi% or more, such as between 3-10 wi%.

In some embodiments, the adhesive may have a composition that is, or is
substantially the same as, the composition of DuroTak® 87-2852 (Henkel,
Bridgewater, NJ). The term “substantiaily the same” as used herein refers to a
composition that is an acrylate-vinyl acetate copolymer in an organic solvent solution
and provides for the functionality as described herein. In some embodimenits, the
acrylic pressure-sensitive adhesive is DuroTak® 87-2852.

In some instances, the pressure sensitive adhesive may make up from 50 to
95, such as 60 to 90 and including 65 to 85 % by weight of the matrix.

When the propynylaminoindan is present as a free base, the matrix may
consist of the active agent and pressure sensitive adhesive, such as DuroTak® 87-
2852 pressure sensitive adhesive.

In some instances, e.g., where the propynylaminoindan is present as a salt,
the matrix may further include a weak base, such as a cationic acrylic copolymer.
Cationic acrylic copolymers of interest are polymers of two or more different
monomeric residues, where at least one of the residues is an acrylic residue, e.g., an
acrylate or a methacrylate, and at least one of the residues includes a cationic
pendant group, e.g., an amino pendant group, where these features may be includes
in the same or different monomeric residues making up the copolymer, Where
desired, the caticnhic acrylic copolymer may be aminated methacrylate copolymer.
The aminated methacrylate copolymer may be a copolymer of diethylaminoethyi
methacrylate, butyl mathacrylate and methyl methacrylate. Of interest are aminated
methacrylate copolymers that are substantially the same as Eudragit® £100

10
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aminated methacrylate copolymer. As used herein, the term substantially the same
13 meant that the aminated methacrylate copolymer has the same functional impact
on the composition as Eudragit® E100 aminated methacrylate copolymer. In some
instances, the aminated methacrylate copolymer is Eudragit® E100 aminated
methacrylate copolymer. If present, the amount of cationic acrylic copolymer may be
present in an amount ranging from 1 to 15, such as 2 to 10 and including 4 to 8 % by
weight of the matrix. Also of interest as weak bases are agents such as
triethanolamine. If present, the amount of tristhanolamine may be present in an
amount ranging from 1 to 15, such as 2 to 10 and including 4 to 8 % by weight of the
mairix.

The matrix as described herein may contain a percutaneous absorption
enhancer. The percutaneous absorption enhancer may facilitate the absorption of
the active agent by the skin of the subject. The percutaneous absorption enhancer
may also be referred to as a percutaneous permeation enhancer because it may
facilitate not only the percutaneous absorption of the active agent, but also the
percutaneous permeation of the active agent through the skin of the subject.

The percutaneous absorption enhancer may include, but is not limited to the
following: aliphatic alcohols, such as but not limited to saturated or unsaturated
higher aicohols having 12 to 22 carbon atoms, such as oley! alcohol and lauryl
alcohol; fatty acids, such as but not limited to linolic acid, oleic acid, linolenic acid,
stearic acid, isostearic acid and palmitic acid; fatty acid esters, such as but not
limited to isopropyl myristate, diisopropyl adipate, and isopropy! palmitate; alcohol
amines, such as but not limited to triethanolamine, triethanoiamine hydrochloride,
and diisopropanoclamine; polyhydric alcohol alkyl ethers, such as but not limited to
alky! ethers of polyhydric alcohols such as glycerol, ethylene glycol, propylene glycol,
1,3-butylene glycol, diglycerol, polyglycerol, diethylene glycol, polyethylene glycol,
dipropylene glycol, polypropylene glycol, sorbitan, sorbitol, isosorbide, methyl
glucoside, oligosaccharides, and reducing oligosaccharides, where the number of
carbon atoms of the alkyl group moiety in the polyhydric alcohol alkyl ethers is
preferably 6 1o 20; polyoxyethylene alkyl ethers, such as but not limited to |
polyoxyethylene alkyl ethers in which the number of carbon atoms of the alkyl group
moiety is 6 to 20, and the number of repeating units (e.g. ~O-CH.CH,-) of the
polyoxyethylene chain is 1 {0 9, such as but not limited to polyoxyethylene lauryl
ether, polyoxyethylene cetyi ether, polyoxyethylene stearyl ether, and

11
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polyoxyethylene oleyl ether; glycerides (i.e., fatty acid esters of glycerol), such as but
not limited to glycerol esters of fatty acids having 6 to 18 carbon atoms, where the
glycerides may be monoglycerides (i.e., a glycerol molecule covalently bonded to
one fatty acid chain through an ester linkage), diglycerides (i.e., a glycerol molecule
covalently bonded to two fatty acid chains through ester linkages), triglycerides (i.e.,
a glycerol molecule covalently bonded to three fatty acid chains through ester
linkages}, or combinations thereof, where the fatty acid components forming the
glycerides include, but are not limited to octancic acid, decanoic acid, dodecanoic
acid, tetradecanoic acid, hexadecanoic acid, octadecanoic acid (i.e., stearic acid)
and oleic acid; middle-chain fatty acid esters of polyhydric alcohols; lactic acid alkyl
esters; dibasic acid alkyl esters; acylated amino acids; pyrrolidone; pyrrolidone
derivatives: and combinations thereof.

Additional types of percutaneous absorption enhancers include, but are not
limited to lactic acid, tartaric acid, 1,2,6-hexaneiriol, benzyl alcohol, lanoline,
potassium hydroxide (KOH), and tris(hydroxymethyljaminomethane.

Specific examples of percutaneous absorption enhancers include, but are not
limited to glycerol monooleate (GMO), sorbitan monolaurate (SML), sorbitan
monooleate (SMO), laureth-4 (LTH), and combinations thereof.

In some cases, the matiix contains the percutaneous absorption enhancer in
an amount ranging from 2% to 25% (w/w), such as from 5% 10 20% (w/w), and
including from 5% to 15% {w/w). In certain cases, the matrix contains the
percutaneous absorption enhancer in an amount of about 5% (w/w}, about 10%
{w/w), about 15% (w/w)}, or about 20% (w/w). '

In some embodiments, the matrix layer is insoluble in water. By insoluble in
water is meant that that the matrix layer may be immersed in water for & period of 1
day or longer, such as 1 week or longer, including 1 month or ionger, and exhibit little
if any dissolution, e.g., no observable dissolution.

Backing

As summarized above, iransdermal compositions of interest may include a
backing (i.e., support layer). The backing may be flexible to an extent that it can be
brought into close contact with a desired topical location of a subject. The backing
may be fabricated from a material that it does not absorb the active agent, and does

12
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not allow the active agent to be released from the side of the support. The backing
may include, but is not limited o, non-woven fabrics, woven fabrics, films (including
sheets), porous bodies, foamed bodies, paper, composite materials obtained by
laminating a film on a non-woven fabric or fabric, and combinations thereof.

Non-woven fabric may include, but is not limited to, the following: polyolefin
resins such as polyethylene and polypropylene; polyester resins such as
poiyethyiene terephthalate, polybutylene terephthalate and polyethylene
naphthalate; rayon, polyamide, poly(ester ether), polyurethane, polyacrylic resins,
polyvinyt alcohol, styrene-isoprene-styrene copolymers, and styrene-ethylene-
propylene-styrene copolymers; and combinations thereof. Fabrics may include, but
are not limited to: cotton, rayon, polyacrylic resins, polyester resins, polyvinyl alcohol,
and combinations thereof. Films may include, but are not limited to the following:
polyolefin resins such as polyethylene and polypropylene; polyacrylic resins such as
polymethyl methacrylate and polyethyl methacrylate; polyester resins such as
polyethylene terephthalate, polybutylene terephthalate and polysthylene
naphthalate; and besides cellophane, polyviny! alcohol, ethyleng-vinyt alcohol
copolymers, polyvinyl chloride, polystyrene, polyurethane, polyacrylonitrile,
fluororesins, styrene-isoprene-styrene copolymers, styrene-butadiene rubber,
polybutadiene, ethylene-viny! acetate copolymers, polyamide, and polysulfone; and
combinations thereof. Papers may include, but are not limited to, impregnated
paper, coated paper, wood free paper, Kraft paper, Japanese paper, glassine paper,
synthetic paper, and combinations thereof. Composite materials may include, but
are not limited to, composite materials obtained by laminating the above-described
film on the above-described non-woven fabric or fabric.

The size of the backing may vary, and in some instances the backing is sized
to cover the desired topical target site. In some embodiments, the backing has a
length ranging from 2 to 100 cm, such as 4 1o 60 cm and a width ranging from 2 to
100 cm, such as 4 to 60 cm.

in some embodiments, the backing layer is insclubte in water. By insoluble in
water is meant that that the backing layer may be immersed in water for a period of 1
day or longer, such as 1 week or longer, including 1 month or fonger, and exhibit fittle
if any dissolution, e.g., no observable dissolution.

Release Liner

13



10

15

30

W 2011/139420 PCT/USI011/029238

In some embodiments, a release liner is provided on the active agent layer
(i.e., matrix), and specifically on a surface of the active agent fayer that is distal (i.e.
opposite) from the backing layer, if present. The release liner facilitates the
protection of the active agent layer. The release liner may be prepared by treating
one side of polyethylene-coated wood free paper, polyolefin-coated glassine paper,
a polyethylene terephthalaie (polyester) film, a polypropylene fiim, or the like with a
silicone freatment.

Adhesive Overlay

Optionally, one or more adhesive overlays can be used to increase the
adhesion of the composition when applied to the skin. Adhesive overlays can include
a layer of adhesive present on g backing material, such as a porous, noN-porous,
occlusive, or breathable backing material. The dimensions of the adhesive overlay
are chosen to provide the desired functionality, where in some instances the
dimensions are chose such that the adhesive overlay, when applied over the active
agent formulation, extends some distance beyond one of more of the sides of the
active agent formulation. In some instances, the area of the adhesive overlay
exceeds the area of the active agent formulation by 5% or more, such as by 10% or
maore, including by 20% or more. During use, the adhesive overlay can be applied by
the patients, by the care givers, or can be integrated in the kits.

METHODS OF LSE

Methods of using the product transdermal compositions include administering
an effective amount of the propynylaminoindan composition to a subject in order to
treat the subject for a target condition of interest, e.g., as described in the Utility
section below. By “treating” or “treatment” is meant at least a suppression or an
amelioration of the symptoms associated with the condition afflicting the subject,
where suppression and amelioration are used in a broad sense to refer to af least a
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reduction in the magnitude of a parameter, e.g., symptom, associaied with the
condition being treated. As such, treatment also includes situations where the
conditionis completely inhibited, e.g., prevenied from happening, or stopped, ¢.g.,
terminated, such that the subject no longer experiences the condition. As such,
treatment includes both preventing and managing a condition.

in practicing the methods, the transdermal compositions disclosed herein can
be topically administered to a subject, i.e., the transdermal compositions may be
administered to any convenient topical site (e.g., skin site). Topical sites of interest
include both mucosal sites and keratinized skin sites, and therefore include, but are
not limited to: mouth, nose, eyes, rectum, vagina, arms, leg, torso, head, etc. The
surface area that is covered by the topical composition following application is
sufficient to provide for the desired amount of agent administration, and in some
embodiments ranges from 1 to 200 cm?, such as from 10 o 180 cm?, and including

from 100 to 150 em?, e.g., 140 cm?.

The transdermal composition may be maintained at the topical site to which it
has been applied for a desired amount of time, e.g., 1o deliver a desired amount of
active agent delivery. In some instances, the period of time that the composition is
maintained at the site of application is 24 hours or longer, such as 48 hours or longer,
€.g., 72 hours or longer, such as 96 hours or longer.

In practicing the subject methods, a given dosage of the transdermal
composition may be applied a single fime or a plurality of times over a given time
period, e.g., the course of the disease condition being treated, where the dosing
schedule when a plurality of compositions are administered over a given time period
may be daily, weekly, biweekly, monthly, etc.

The area of skin covered by the topical composition when applied may vary.
In some instances, the area of skin covered by the topical composition upon
application ranges from 1 to 200 ¢m?, such as 10 to 180 cm? and including 100 to
150 cm?.

After the transdermal active agent composition has been applied 1o the skin
site for the desired amount of itme (i.e., an amount of time sufficient to deliver a
target dose of the active agent to the subject over a period of time), the composition
may be removed from the skin site. A new transdermai composition may be applied
at the same or at a different skin site. The new transdermal composition may be
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applied to a different skin site to reduce the possible occurrence of skin irritation
and/or skin sensitization at the prior site of application.

In certain embodiments, the subject methods include a diagnostic step.
Individuals may be diagnosed as being in need of the subject methods using any
convenient protocoi. In addition, individuals may be known o be in need of the
subject methods, e.g., they are suffering from Parkinson's disease. Diagnosis or
assessment of target condition can be performed using any convenient diagnostic
protocol.

Methods of the invention may further include assessing the efficacy of the
treatment proiocol that includes administration of the local anesthetic emulsion
composition. Assessing the efficacy of treatment may be performed using any
convenient protocol.

In some instances, transdermal compositions may be administered in
conjunction with one or more additional therapies specific for the target condition of
interest. As such, the transdermal compositions may be used alone 1o treat the
target disorder, or alternatively, as in the case of Parkinson's disease, for example,
they may be used as an adjunct to the conventional L-DOPA treatmenis.

Transdermal compositions of the invention may be administered to a variety
of different types of subjects. Subjects of interest include, but are not limited {o:
mammals, both human and non-human, including the orders camivore (e.g., dogs
and cats}, rodentia (e.g., mice, guinea pigs, and rats), lagomorpha (e.g. rabbits) and
primates (e.g., humans, chimpanzees, and monkeys). In certain embodiments, the
subjects, e.g., patienis, are humans.

UTiuTy

The transdermal compositions of the invention find use in any application
where a subject would benefit from being transdermally administered a
propynylaminoindan, such as rasagiline. Rasagiline and/or its salts find use in the
treatment of a variety of different disease conditions, such as but not iimited to:
Parkinson's disease, Alzheimer's Disease, memory disorders, stroke and other
disorders, e.g., as described in U.S. Pat. Nos.: 5,387,612; 5,453,446; 5,457,133;
5,668,181; 5,576,353, 5,532,415, 5,590,091; 5,786,380; 5,510,061; 5,891,923,
5,744 500 and 6,316,504, the contenis of which are hereby incorporated by
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reference. By treatment is meant that at least an amelioration of the symptoms
associated with the condition afflicting the subject is achieved, where amelioration is
used in a broad sense to refer to at ieast a reduction in the magnitude of a
parameter, e.g., symptom, associated with the condition being treated. As such,
treatment also includes situations where the pathological condition, or at least
symptoms associated therewith, are compiletely inhibited, e.q., prevented from
happening, or stopped, e.g., terminated, such that the subject no longer suffers from
the condition, or at least the symptoms that characterize the condition.

Kits

Kits for use in practicing certain methods described herein are also provided.
In certain embodiments, the Kits include one or more iransdermal compositions as
described above. In certain embodiments, the kits include an adhesive overlay as
described above. In some embodiments, the kits include multilayers such as a layer
containing drug and a layer that may or may not contain any drug and other
excipients. In a given kit that includes two or more compositions, the compositions
may be individually packaged or present within a common container.

In certain embodiments, the kits will further include instructions for practicing
the subject methods or means for obtaining the same (e.g., a website URL directing
the user 1o a webpage which provides the instructions), whare these instructions
may be printed on a substrate, where substrate may be one or more of: a package
insert, the packaging, reagent containers and the like. In the subject kits, the one or
more components are present in the same or different containers, as may be
convenient or desirable.

The following examples are offered by way of illusiration and not by way of
limitation. Specifically, the following examples are of specific embodiments for
carrying out the present invention. The examples are for iliustrative purposes only,
and are not intended to limit the scope of the present invention in any way.
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EXAMPLES

I. Materials and Methods
A, Preparation of Active Agent Reservoir Layer

Formulations were prepared by mixing stock solutions of each of the mixiure
components in organic solvents (typically 30-60 wt% solid content in ethyl acetate,
methanol and/or ethanol), followed by a mixing process. Once a homogeneous
mixture was formed, the solution was cast on a release liner (siliconized polyester
sheet of 2-3 miis) and dried at 65° - 80°C for 10-90 minutes. The adhesive films
were laminated to a PET backing.

B. Transdermal Flux Tests

Human cadaver skin was used and epidermal layers (stratum corneum and
epidermis) were separated from the full-thickness skin as skin membrane. Samples
were die-cut with an arch punch to a final diameter of about 2.0 cm?. The release
liner was removed and the system was placed on top of the epidermis/stratum
corneum with the drug adhesive layer facing the stratum corneum. Gentle pressure
was applied to effect good contact between the adhesive layer and stratum corneum.
The donor and receptor sides of the Franz cell were clamped together and the
receptor solution containing a phosphate buffer at pH 6.5 was added to the Franz
cell. The cells were kept at 33°C for the duration of the experiment. Samples of the
receptor solution were taken at regular intervals and the active agent concentration
was measured by HPLC. The removed receptor solution was replaced with fresh
solution to maintain the sink conditions. The flux was calculated from the slope of
cumulative amounts of the drug in the receiver compartment versus time plot.

C. SPECIFIC EXAMPLES

C.1 FLUX OF RASAGILINE BASE IN ACRYLATE ADHESIVE: LOADING EFFECT
Using the general method described previously, a series of transdermal
systems containing different rasagiline base loadings in Duro-tak® 87-4287 were

18



10

15

WO 2011/139426 PCT/IS2011/029238

prepared with details shown in following table. The flux through human cadaver skin
was measured and the resuits are graphically presented in FIG. 2. Significant
rasagiline base loading efiect was observed. There is also a burst flux at the
beginning followed by significant decrease in flux. Since rasagiline is a potent drug
with 1mg daily dosage, burst flux with high flux rate is not desirable.

Table 1
, Drug
Sample | Adhesive joading
1 Duro-tak® 87-4287 5%
2 Duro-tak® 87-4287 10%
Duro-tak® 87-4287 15%

C.2 FLUX OF RASAGILINE BASE IN PiB ADHESIVE: LOADING EFFECT

Using the general method described previously, a series of transdermal
systems containing different rasagiline base loadings in a PIB adhesive were
prepared with details shown in following table. The fiux through human cadaver skin
was measured and ihe resuits are graphically presenied in FIG. 3. The PiB adhesive
is formulated with P1B Oppanol B10, Oppanol B30, and polybutylens H1900 with
ratio of 6:6:1.

Table 2
. Drug
Sample Adhesive ioading
1 PiB 1%
2 PIB 3%
3 PIB 5%

C.3 FLUX OF RASAGILINE BASE IN SILICONE

Using the general method described previously, transdermal systems
containing rasagiline base in a silicone adhesive (Bio-PSA 7-4101) were prepared
with details shown in following tabie. The flux through human cadaver skin was
measured. The steady state fiux was found to be around 0.1 pg/hr.cm?. Bio-PSA 7-
4101 is supplied by Dow Corning. It is amine-compatible pressure sensitive adhesive
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with 85/35 resin to polymer ratio. It is supplied as a 60% solid content solution in

heptane,
Table 3 '
Sample | Adhesive excipient Drug loading Steady staie ,
flux {(ug/hr.cm®)
y 95% Bio-PSA7- | none 5% rasagiline 0.1
4101 base '
o 80% Bio-PSA 7- 15% silicone oil | 5% rasagiline 0.1
4101 base )

C.4 FLUX OF RASAGILINE MESYLATE IN ACRYLATE ADHESIVE: EUSRAGIT E100 LOADING
EFFECT

Using the general method described previously, a series of transdermal
systems containing different Eudragit E100 loadings in acrylate adhesive were
prepared with details shown in the following 1able. The flux through human cadaver
skin was measured and the resulis are graphically presented in FIG. 4. The data
here illustrated the interaction between rasagiline mesylate and weak base Eudragit.
The use of Eudragit E100 plays significant role to increase flux across skin when
rasagiline mesylate is used in the patch system.

Table 4

Sample Adhesive Excipient Rasagiiine mesylate
loading

1 Duro-tak® 87-4287 0% E100 8%

2 Duro—tak‘f’ 87-4287 3% E100 8%

3 Duro-tak® 87-4287 5% E100 8%

4 Duro-tak® 87-4287 8% E100 8%

C.5 FLUX OF RASAGILINE MESYLATE IN AGRYLATE ADHESIVE: ADHESIVE EFFECT

Using the general method described previously, a series of transdermal
systems containing different acrylate adhesive was prepared with details shown in
the following table. The flux through human cadaver skin was measured and the
results are graphically presented in FIG. 5. One major difference between these 3
acrylate adhesives is the content of COOH functionality. Duro-tak® 87-4287 contains
no COOH groups while Duro-tak® 87-2100 and Duro-tak® 87-2852 contain different
amounts of COOH groups. The data here iilustrated the interaction between
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rasagiline mesylate, Eddragit E100, and COOH groups in adhesive. For the system
with adhesive without COOH group, there is also a burst delivery at the beginning

although it is not as significant as the sysiem containing rasagiline base. This burst
delivery can be significantly reduced with using adhesive containing COOH groups.
Sample #3 has the highest COOH concentration and presents the flattest delivery. A
close to zero order delivery profile is ofien desirabie in controlied delivery.

Table 5 (#12)

Sample Adhesive Excipient Rasagiline mesyiate
loading

1 Duro-tak® 87-4287 | 4% E100 8%

2 Duro-tak”® 87-2100 4% E100 8%

3 Duro-tak® 87-2852 4%, E100 8%

C.68 FLUXINACRYLATE ADHESIVE: ADHESIVE EFFECT

Using the general method described previously, a series of transdermal
systems coniaining different acrylate adhesive was prepared with detalis shiown in
the following table. The flux through human cadaver skin was measured and the
results are graphically presented in FIG. 6. The data here illustrated the interaction
between rasagiline mesylate, Eudragit E100, and COCH groups in adhesive.

Tabie 6

Sample Adhesive Excipient Drug loading

1 Gelva 2495 4% E100 10% rasagiline
mesylale

2 Gelva 2999 4% E100 10% rasagiline
mesylaie

3 Duro-tak® 87-2852 4% E100 10% rasagiiine
mesylate

4 Duro-tak® 87-2852 | none 10% rasagiline base

C.7 FLUXN AGRYLATE ADHESIVE: MULTI-LAYER DESIGN

Using the general method described previously, a series of ransdermal
systems containing different acrylate adhesives and different design was prepared
with details shown in the foliowing table. The fiux through human cadaver skin was
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measured and the resulis are graphically presented in FIG. 7. Both rasagiline
mesylate and E100 were loaded in drug layer. The use of adhesive Jayer can serve
the purpose to control skin adhesion.

Table 7
Sample | Formuiation Rasagiline
Drug tayer Adhesive layer | Excipient | mesylate loading
1 Duro-tak® 87-2100 none 8% E100 | 14%
2 Duro-tak® 87-2100 Gelva 2999 8% E100 | 14%
3 Duro-tak® 87-2852 Gelva 2999 8% E100 | 14%
4 Durc-tak® 87-2852 (50%) | none 6% E100 | 10%
Gelva 2999 (50%)

C.8 FLUXIN ACRYLATE ADHESIVE; ADHESIVE AND EXCIPIENT EFFECT

Using the general method described previously, a series of transdermal
systems coniaining different acrylate adhesive and different basic excipients was
prepared with details shown in the following tabte. The flux through human cadaver
skin was measured and the resulis are graphically presented in FiG. 8. The data
here showed that Eudragit E100 can be replaced with other weak bases with similar

properties.

Table 8

Sample Adhesive Excipient Drug loading

1 Durp-tak® 87-2100 | 6% E100 10% rasagiline
mesylale

2 Duro-tak® 87-2196 | 6% E100 10% rasagiline
mesylate

3 Duro-tak® 87-2852 6% E100 10% rasagiline
mesylaie

4 Duro-tak® 87-2196 4.4% triethanol amine | 10% rasagiline
mesylate

5 Geiva 2999 4.4% triethanol amine | 10% rasagiline
mesylate

Although the foregoing invention has been described in some detail by way of
ilustration and example for purposes of clarity of understanding, it is readily apparent
to those of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing from the
spirit or scope of the appended claims.

Accordingly, the preceding merely illusirates the principles of the invention. It
will be appreciated that those skilled in the art will be able to devise various
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arrangements which, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope. Furthermore,
all examples and conditional language recited herein are principally intended to aid
the reader in understanding the principles of the invention and the concepts
contributed by the inventors to furthering the art, and are to be construed as being
without limitation 1o such specifically recited exampies and conditions. Moreover, all
statements herein reciting principles, aspects, and embodiments of the invention as
well as specific examples thereof, are intended to encompass both structural and
functional equivalents thereof. Additionally, it is intended that such equivalents
include both currently known equivalenis and equivalents developed in the future,
i.e., any elements developed that perform the same function, regardiess of structure.
The scope of the present invention, therefore, is not intended to be limited to the
exemplary embodiments shown and described herein. Rather, the scope and spirit of
present invention is embodied by the appended claims.
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WHAT IS CLAIMED IS:

1. A transdermal composition, the composition comprising:
a matrix comprising:
a propynylaminoindan;
a weak base; and
a pressure sensitive adhesive comprising a carboxylated polymer comprising
—COOH functional groups; and

a backing.

2. The transdermal composition according to Claim 1, wherein the propynylaminoindan

is N-propargyl-1-aminoindan.

3. The transdermal composition according to Claim 1, wherein the carboxylated

poiymer is an acrylic carboxylated polymer.

4. The transdermal composition according to Claim 3, wherein the acrylic carboxylated

polymer comprises an acrylate-vinyl acetate copolymer,

5. The transdermal composition according to Claim 1, wherein the weak base is a

cationic acrylic copolymer.

6. The transdermal composition according to Claim 5, wherein the cationic acrylic
copolymer is an aminated methacryiate copolymer which is a copolymer of diethylamincethyl

methacrylate, butyl methacrylate and methyl methacrylate.

7. The transdermal composition according to Claim 1, wherein the weak base is

triethanoclamine.
8. The transdermal composition according fo Claim 1, wherein the matrix consists of:

(a) R(+)-N-propargyl-1-aminoindan free base, triethanolamine and an acrylate-

vinyl aceiate copolymer; or
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(b}  R(+}-N-propargyl-1-aminoindan mesylate, an aminated methacrylate

copolymer and an acrylate-vinyl acetate copolymer.

9. The transdermal composition according to any of Claims 1 to 8, wherein the

matrix comprises an enhancet.

10.  The transdermal composition according to any of Claims 1 - 9, wherein the
transdermal composition exhibits a constant flux of the propynylaminoindan over a

period of time.

11.  The use of a transdermal composition according to any of Claims 1 to 10 in
the manufacture of a medicament wherein the medicament is to be applied to a skin
surface of a subject in a manner sufficient to achieve a constant flux of the

propynylaminoindan over a period of fime.

12.  The use according to Claim 11, wherein the period of time is 72 hours or

longer.

13. A kit comprising:

two or more transdermal compositions according to any of Claims 1 to 10.

14.  The fransdermal composition according to any of Claims 1 to 9, wherein the

propynylaminoindan comprises an N-propargyl-1-aminoindan salt.
15.  The transdermal composition according to any of Claims 1 to 9, wherein the

transdermal composition exhibits a flux of the propynylaminoindan that varies by

30% or less over a period of time.
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