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RASAGILINE FORMULATIONS, THEIR PREPARATION AND USE

The application claims Dbenefit of U.S. Provisional
Application No. 61/010,860, filed January 11, 2008, the

contents of which are hereby incorporated by reference.

Throughout this application various publications,
published patent applications, and patents are referenced.
The disclosures of these documents in their entireties are
hereby incorporated by reference into this application in
order to more fully describe the state of the art to which

this invention pertains.

Background of the Invention

United States Patents 5,532,415, 5,387,612, 5,453,446,
5,457,133, 5,599,991, 5,744,500, 5,891,923, 5,668,181,
5,576,353, 5,519,061, 5,786,390, 6,316,504, 6,630,514
disclose R(+)-N-propargyl-l-aminoindan (“R-PAI"), also
known as rasagiline. Rasagiline has been reported to be a
selective inhibitor of the B-form of the enzyme monoamine
oxidase (“MAO-B”) and is useful in treating Parkinson's
disease and various other conditions by inhibition of MAO-

B in the brain.

United States Patent 6,126,968 and PCT publication WO
95/11016, hereby incorporated by reference, disclose

pharmaceutical compositions comprising rasagiline.

PCT publication WO 2006/014973, hereby incorporated by
reference, discloses pharmaceutical compositions

comprising rasagiline.

A concern in using monoamine oxidase (“MAO”) inhibitors is
the risk of hypertensive crises, often called the '"cheese
effect." (Simpson, G.M. and White K. "Tyramine studies
and the safety of MAOI drugs." J Clin Psychiatry. 1984
Jul; 45 (7 pt 2): 59-91.) This effect 1is caused by
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inhibition of peripheral MAO. A high concentration of

peripheral MAO is found in the stomach.

A further concern in Parkinson’s disease patients is that
many patients suffer from delayed gastric emptying
(Pfeiffer, R. F. and Quigley, E. M. M. "Gastrointestinal
motility problems 1in patients with Parkinson's disease:
Epidemiology, pathophysiology, and guidelines for
management, " CNS-Drugs, 1999, 11(6): 435-448; Jost, W. H.,
"Gastrointestinal motility ©problems in patients with
Parkinson's disease: Effects of antiparkinsonian
treatment and guidelines for management", Drugs and
Aging, 1997, 10(4): 249-258). Delayed gastric emptying
(prolonged gastric residence) can be a cause of increased
inhibition of peripheral MAO, and can contribute to the

cheese effect.

AZILECT® is indicated for the treatment of the signs and
symptoms of idiopathic Parkinson's disease as initial
monotherapy and as adjunct therapy to levodopa.
Rasagiline, the active ingredient of AZILECT®, is rapidly
absorbed, reaching peak plasma concentration (Cpax) in
approximately 1 hour. The absolute biocavailability of
rasagiline is about 36%. (AZILECT® Product Label, May
2006) .

Food does not affect the Tpax ©of rasagiline, although Cpax
and exposure (AUC) are decreased by approximately 60% and
20%, respectively, when the drug is taken with a high fat
meal. Because AUC is not significantly affected, AZILECT®
can be administered with or without food. (AZILECT® Product
Label, May 2006).

The mean volume of distribution at steady-state is 87 1L,
indicating that the tissue binding of rasagiline is in
excess of plasma protein binding. Plasma protein binding
ranges from 88-94% with mean extent of binding of 61-63%



10

15

20

25

30

WO 2009/089049 PCT/US2009/000134

to human albumin over the concentration range of 1-
100ng/mL. (AZILECT® Product Label, May 2006).

Rasagiline undergoes almost complete biotransformation in
the liver prior to excretion. The metabolism of rasagiline
proceeds through two main pathways: N-dealkylation and/or
hydroxylation to yield 1l-aminoindan (AI), 3-hydroxy-N-
propargyl-1 aminoindan (3-OH-PAI) and 3-hydroxy-1-
aminoindan (3-OH-AI). In vitro experiments indicate that
both routes of rasagiline metabolism are dependent on the
cytochrome P450 (CYP) system, with CYPlA2 being the major
isoenzyme involved in rasagiline metabolism. Glucuronide
conjugation of rasagiline and its metabolites, with
subsequent urinary excretion, is the major elimination
pathway. (AZILECT® Product Label, May 2006).

After oral administration of 14C-labeled rasagiline,
elimination occurred primarily via urine and secondarily
via feces (62% of total dose in urine and 7% of total dose
in feces over 7 days), with a total calculated recovery of
84% of the dose over a period of 38 days. Less than 1% of
rasagiline was excreted as unchanged drug 1in urine.
(AZILECT® Product Label, May 2006).

Rasagiline was shown to be a potent, irreversible MAO-B
selective inhibitor. MAO-B 1inhibition results in an
increase 1in extracellular levels of dopamine in the
striatum. The elevated dopamine 1level and subsequent
increased dopaminergic activity are 1likely to mediate
rasagiline's Dbeneficial effects seen in models of
dopaminergic motor dysfunction. (Rasagiline mesylate. TVP-
1012 for Parkinson's disease. Investigator's Brochure.
Edition number 18. Teva Pharmaceuticals Ltd. September
2006.)
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Summary of the Invention

The subject invention provides a pharmaceutical composition
comprising a core comprising rasagiline mesylate and at
least one pharmaceutically acceptable excipient;
and an acid resistant pharmaceutically acceptable
coating, wherein said pharmaceutical composition
releases the following percentages of rasagiline
mesylate when placed in a basket apparatus in 500 mL of
buffered aqueous media at 37 °C at 75 revolutions per
minute for 60 minutes under the following pH conditions:
a) 0% in 0.1 N HC1l; and b) between 0 and 20% in a
phosphate buffer solution with a pH of 6.0.

The subject invention also provides a pharmaceutical
composition comprising: a core comprising <rasagiline
mesylate and at least one pharmaceutically acceptable
excipient; and an acid resistant pharmaceutically
acceptable coating, wherein the pharmaceutical composition
when ingested by a human subject provides an AUC value of
rasagiiine of 80-130% of that of the corresponding amount
of rasagiline ingested as an immediate release

formulation, over the same dosage regimen interval.

The subject invention also provides a pharmaceutical
composition comprising: a core comprising rasagiline
mesylate and at least one pharmaceutically acceptable
excipient; and an acid resistant pharmaceutically
acceptable coating, wherein the pharmaceutical composition
when ingested by a human subject provides a Cpyx of
rasagiline 80-145% of that of the corresponding amount of
rasagiline ingested as an immediate release formulation,

over the same dosage regimen interval.

The subject invention also provides a pharmaceutical
composition comprising: a core comprising rasagiline
mesylate and at least one pharmaceutically acceptable

excipient; and a coating, comprising methacrylic acid -
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ethyl acrylate copolymer (1:1) and at least one
plasticizer wherein in the <coating the ratio of
methacrylic acid - ethyl acrylate copolymer (1l:1) to

plasticizer is between 10 to 1 and 2 to 1.

The subject invention also provides a method of treating a
patient suffering from Parkinson's disease comprising
administering to the patient the above pharmaceutical

composition.
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Brief Description of the Figures

Figure 1: Plasma Concentrations (0 - 24 hours) for each

clinical test subject - Test Product A - Day 1

Figure 2: Plasma Concentrations (0 - 36 hours) for each

clinical test subject - Test Product A - Day 10

Figure 3: Plasma Concentrations (0 - 24 hours) for each

clinical test subject - Reference Product C - Day 1

Figure 4: Plasma Concentrations (0 - 36 hours) for each

clinical test subject - Reference Product C - Day 10

Figure 5: Mean Plasma Concentration (0 - 24 hours) - Day 1
Figure 6: Mean Plasma Concentration (0 - 36 hours) - Day
10

Figure 7: Mean Plasma Concentration (0 - 24 hours) - Day 1

- Semi-Logarithmic Scale

Figure 8: Mean Plasma Concentration (0 - 36 hours) - Day

10 - Semi-Logarithmic Scale

Figure 9: Percent of MAO-B inhibition (mean * sem) by
different rasagiline formulations, 6 hours post dosing on
day 1 and 10.
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Detailed Description of the Invention

The subject invention provides a pharmaceutical
composition comprising: a core comprising rasagiline
mesylate and at least one pharmaceutically
acceptable excipient; and an acid resistant
pharmaceutically acceptable coating wherein said
pharmaceutical composition releases the following
percentages of rasagiline mesylate when placed 1in a
basket apparatus in 500 mL of buffered agqueous media at
37°C at 75 revolutions per minute for 60 minutes under
the following pH conditions: a) 0% in 0.1 N HC1l; b)
between 0 and 20% in a phosphate buffer solution with a pH
of 6.0.

In an embodiment of the pharmaceutical composition,
between 80 and 100% of rasagiline mesylate releases when
placed in a basket apparatus in 500 mL of buffered aqueous
media at a pH of 6.2 at 37 °C at 75 revolutions per minute

for 60 minutes.

In another embodiment of the pharmaceutical composition,
between 80 and 100% of rasagiline mesylate releases when
placed in a basket apparatus in 500 mL of buffered aqueous
media at a pH of 6.8 at 37 °C at 75 revolutions per minute

for 20 minutes.

The subject invention also provides a pharmaceutical
composition comprising: a core comprising rasagiline
mesylate and at least one pharmaceutically acceptable
excipient; and an acid resistant pharmaceutically
acceptable coating, wherein the pharmaceutical composition
when ingested by a human subject provides an AUC value of
rasagiline of 80-130% of that of the corresponding amount
of rasagiline ingested as an immediate release

formulation, over the same dosage regimen interval.

In an embodiment of the pharmaceutical composition,
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the phérmaceutical composition upon administration to a
human subject provides an AUC value of rasagiline of 80-
125% of that of the corresponding amount of rasagiline
ingested as an immediate released formulation, over the

same dosage regimen interval.

The subject invention also provides pharmaceutical
composition comprising: a <core comprising rasagiline
mesylate and at 1least one pharmaceutically acceptable
excipient; and an acid resistant pharmaceutically
acceptable coating, wherein the pharmaceutical composition
when ingested by a human subject provides a Cpax of
rasagiline 80-145% of that of the corresponding amount of
rasagiline ingested as an 1immediate release formulation,

over the same dosage regimen interval.

In an embodiment of the pharmaceutical composition,
the pharmaceutical composition when ingested by a human
subject provides a Cpaxy of rasagiline of 80-125% of that of
the corresponding dosage of rasagiline ingested as an
immediate release formulation, over the same dosage

regimen interval.

In another embodiment of the pharmaceutical

composition, the core is in the form of a tablet.

In yet another embodiment of the pharmaceutical
composition, the core is in the form of a tablet and

further comprises at least one disintegrant.

In yet another embodiment of the pharmaceutical
composition, the acid resistant coating comprises between

5% and 12% by weight of the pharmaceutical composition.

In yet another embodiment of the pharmaceutical
composition, the acid resistant coating comprises 8% by

weight of the pharmaceutical composition.
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In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition 1is in tablet

form.

In yet another embodiment of the pharmaceutical
composition, the coating comprises methacrylic acid -

ethyl acrylate copplymer (1:1) and a plasticizer.

In yet another embodiment of the pharmaceutical
composition, the ratio of methacrylic acid - ethyl
acrylate copolymer (1l:1) to plasticizer in the coating is
between 10 to 1 and 2 to 1.

In yet another embodiment of the pharmaceutical
composition, the ratio of methacrylic acid - ethyl
acrylate copolymer (1l:1) to plasticizer in the coating 1is
5 to 1.

In yet another embodiment of the pharmaceutical

composition, the plasticizer is triethyl citrate.

In vyet another embodiment of the pharmaceutical
composition, the coating comprises methacrylic acid -

ethyl acrylate copolymer (1:1), a plasticizer and talc.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition comprises an

inner coating layer.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition comprises

an inner coating layer which comprises hypromellose.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition has a

weight of less than 150 mg.
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In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition comprises 1.56

mg of rasagiline mesylate.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition comprises 0.78

mg of rasagiline mesylate.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition comprises 1.56
mg or 0.78 mg of rasagiline mesylate, and mannitol,
colloidal silicon dioxide, starch NF, pregelatinized
starch, stearic acid, talc, hypromellose, methacrylic
acid - ethyl acrylate copolymer, talc extra fine, and

triethyl citrate.

In yet another embodiment of +the pharmaceutical
composition, the pharmaceutical composition consists of
79.84 mg of mannitol, 0.6 mg of colloidal silicon dioxide,
1.56 mg of rasagiline mesylate, 10.0 mg of starch NF, 20.0
mg of pregelatinized starch, 2.0 mg of stearic acid,
2.0 mg of talc, 4.8 mg of hypromellose, 6.25 mg of
methacrylic acid - ethyl acrylate copolymer, 1.25 mg of
triethyl citrate, and 3.1 mg of talc extra fine.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition consists of
80.62 mg of mannitol, 0.6 mg of colloidal silicon dioxide,
0.78 mg of rasagiline mesylate, 10.0 mg of starch NF, 20.0
mg of pregelatinized starch, 2.0 mg of stearic acid,
2.0 mg of talc, 4.8 mg of hypromellose, 6.25 mg of
methacrylic acid - ethyl acrylate copolymer, 1.25 mg of
triethyl citrate, and 3.1 mg of talc extra fine.

The subject invention also provides a pharmaceutical
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composition comprising:
a) a core, comprising rasagiline mesylate and

at least one pharmaceutically acceptable excipient;

and
b) a coating, comprising methacrylic acid - ethyl
acrylate copolymer (1:1) and at least one

plasticizer wherein 1in the coating the ratio of
methacrylic acid - ethyl acrylate copolymer (1:1)
to plasticizer is between 10 to 1 and 2 to 1.

In an embodiment of the pharmaceutical composition, the
ratio in the coating of methacrylic acid - ethyl acrylate

copolymer (1:1) to plasticizer is 5 to 1.

In another embodiment of the pharmaceutical composition,
the coating comprises between 5% and 12% by weight of

the pharmaceutical composition.

In yet another embodiment of the pharmaceutical
composition, the coating comprises 8% by weight of the

pharmaceutical composition.

In yet another embodiment of the pharmaceutical

composition, the plasticizer(s) are water soluble.

In yet another embodiment of the pharmaceutical
composition, the plasticizer(s) are a combination of

several water soluble plasticizers.
In yet another embodiment of the pharmaceutical
composition, the plasticizer(s) are a combination of water

soluble plasticizers and water insoluble plasticizers.

In yet another embodiment of the pharmaceutical

composition, the plasticizer is triethyl citrate.

In yet another embodiment of the pharmaceutical
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composition, the coating further comprises lubricant(s).

In yet ~another embodiment of the pharmaceutical
composition, the coating further comprises 1lubricant (s)

which is talc extra fine.

In yet another embodiment of the pharmaceutical
composition, the <coating further comprises talc extra

fine.

In yet another embodiment of +the pharmaceutical

composition, the core is in tablet form.

In yet another embodiment of the pharmaceutical
composition, the <core further comprises at least one

disintegrant.

In vyet another embodiment of the pharmaceutical
composition, the core comprises between 0.5% and 20% by

weight of disintegrant.

In yet another embodiment of the pharmaceutical
composition, the core comprises between 0.5% and 20%
by weight of disintegrant which comprises pre-gelatinized

starch.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition has a

weight of less than 150 mg.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition comprises 1.56

mg of rasagiline mesylate.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition comprises 1.56

mg of rasagiline.
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In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition comprises 0.78

mg of rasagiline.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition  further
comprises mannitol, colloidal silicon dioxide, starch NF,
pregelatinized starch, stearic acid, talc, hypromellose,
methacrylic acid - ethyl acrylate copolymer, talc extra

fine, and triethyl citrate.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition consists of
79.84 mg of mannitol, 0.6 mg of colloidal silicon dioxide,
1.56 mg of rasagiline mesylate, 10.0 mg of starch NF,
20.0 mg of pregelatinized starch, 2.0 mg of stearic
acid, 2.0 mg of talc, 4.8 mg of hypromellose, 6.25 mg of
methacrylic acid -~ ethyl acrylate copolymer, 1.25 mg of
triethyl citrate, and 3.1 mg of talc extra fine.

In yet another embodiment of the pharmaceutical
composition, the pharmaceutical composition consists of
80.62 mg of mannitol, 0.6 mg of colloidal silicon dioxide,
0.78 mg of rasagiline mesylate, 10.0 mg of starch NF,
20.0 mg of pregelatinized starch, 2.0 mg of stearic
acid, 2.0 mg of talc, 4.8 mg of hypromellose, 6.25 mg of
methacrylic acid - ethyl acrylate copolymer, 1.25 mg of
triethyl citrate, and 3.1 mg of talc extra fine.

The subject invention also provides a method of treating a
patient suffering from Parkinson's disease which comprises
administering to the patient the above pharmaceutical

composition.

In one embodiment of the method, the patient suffers from
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delayed gastric emptying.

The immediate release formulation of rasagiline 1is
defined as AZILECT® Tablets contain rasagiline (as the
mesylate), a propargylamine~-based drug indicated for the
treatment of idiopathic Parkinson's disease. It 1is
designated chemically as: lH-Inden-l-amine, 2, 3-dihydro-
N-2-propynyl-, (1R) -, methanesulfonate. Rasagiline
mesylate is a white to off-white powder, freely soluble in
water or ethanol and sparingly soluble in isopro-panol.
Each AZILECT tablet for oral administration contains
rasagiline mesylate equivalent to 0.5 mg or 1 mg of

rasagiline base.

Each AZILECT tablet also contains the following inactive
ingredients: mannitol, starch, pregelatinized starch,

colleocidal silicon dioxide, stearic acid and talc.

AZILECT is an irreversible monoamine oxidase inhibitor
indicated for the treatment of idiopathic Parkinson's dis-
ease. AZILECT inhibits MAO type B, but adequate studies to
establish whether rasagiline is selective for MAO type B

(MAO-B) in humans have not yet been conducted.

MAO, a flavin-containing enzyme, 1s classified into two
major molecular species, A and B, and is 1localized in
mitochon-drial membranes throughout the body 1in nerve
terminals, brain, liver and intestinal mucosa. MAO
regulates the the metabolic degradation of catecholamines
and serotonin in the CNS and peripheral tissues. MAO-B is
the major form in the human brain. In ex vivo animal
studies in brain, liver and intestinal tissues, rasagiline
was shown to be a potent, irreversible monoamine oxidase
type B (MAO-B) selective inhibitor. Rasagiline at the
recommended therapeutic dose was also shown to be a
potent and irreversible inhibitor of MAO-B in platelets.
The selectivity of rasagiline for inhibiting only MAO-B
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(and not MAO-A) in humans and the sensitivity to tyramine
during rasagiline treatment at any dose has not been
sufficiently characterized to avoid restriction of dietary

tyramine and amines contained in medications.

The precise mechanisms of action of rasagiline are
unknown. One mechanism is believed to be related to its
MAO-B inhibitory activity, which causes an increase in
extracellular levels of dopamine in the striatum. The
elevated dopamine level and subsequent increased
dopaminergic activity are likely to mediate rasagiline's
beneficial effects seen in models of dopaminergic motor

dysfunction.

Studies in healthy subjects and in Parkinson's disease
patients have shown that rasagiline inhibits platelet MAO-
B irreversibly. The inhibition lasts at least 1 week after
last dose. Almost 25-35% .MAO-B inhibition was achieved
after a single rasagiline dose of 1 mg/day and more than
55% of MAO-B inhibition was achieved after a single
rasagiline dose of 2 mg/day. Over 90% inhibition was
achieved 3 days after rasagiline daily closing at 2 mg/day
and this inhibition level was maintained 3 days post-dose.
Multiple doses of rasagiline of 0.5, 1 and 2 mg per day

resulted in complete MAO-B inhibition.

Rasagiline's pharmacokinetics are linear with doses over
the range of 1-10 mg. Its mean steady-state half life is 3
hours but there is no correlation of pharmacokinetics with
its pharmacological effect because of 1its irreversible
inhibition of MAO-B.

Rasagiline is rapidly absorbed, reaching peak plasma .
concentration (Cpax) 1in approximately 1 hour. The absolute

biocavailability of rasagiline is about 36%.

Food does not affect the Tp.x of rasagiline, although Cpax
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and exposure (AUC) are decreased by approximately 60% and
20%, respectively, when the drug is taken with a high fat
meal. Because AUC is not significantly affected, Azilect
can be administered with or without food. (Physician’ Desk
Reference, 63 Edition, 2009, p3106).

MAO inhibitors that selectively inhibit MAO-B are largely
devoid of the potential to cause the "cheese effect".
Nonetheless, the possibility exists that delayed gastric
emptying of R-PAI may contribute to this phenomenon.
Therefore, a main goal in developing the formulations of
the current invention was to develop a delayed release,
enteric coated formulation comprising rasagiline mesylate
in an amount equivalent to 1 mg of rasagiline base which
would release the active ingredient in the duodenum and

the jejunum, past the stomach.

During the development of the formulations of the current
invention, it was determined that the formulations should
meet the criteria of Dbicequivalence to the known,
immediate release rasagiline mesylate formulations (as
disclosed in example 1) in a single dose bio-equivalence
study in healthy subjects. These criteria include
similarity of Cpax and AUCp-+ (area under the curve) within
the range of 80-125% within a 90% confidence interval
between the new formulations and the known, immediate
release formulations. The difference between the two
formulations should be evident in biocequivalence studies
as a difference in  tpax- In other words, the mean
pharmacokinetic profile of the formulations of the current
invention should match the mean pharmacokinetic profile of
the formulations of the known immediate release
formulation, with the exception of the tpax which should be
greater for the delayed release formulation than for the

immediate release formulation.

The reason for attempting to match the mean Cpax and AUCy-.
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of the known immediate release formulation (i.e. to
formulate a delayed release formulation that is
bioequivalent) 1is that the efficacy of the immediate
release formulation has been proven, and it is likely that
the efficacy of the formulation relates to its mean Cpax
and/ or AUC. (Arch Neurol.. 2002; 59:1937-1943.)

In order to reach this target, development was directed
toward enteric coated tablets having a quickly
disintegrating core with an enteric coating which allows
release of the rasagiline mesylate in a very specific
range .of pH. This specific pH range would prevent the
formulation to release rasagiline mesylate in the stomach,
and would allow the formulation to release rasagiline
mesylate quickly under the physiological conditions of the

intestine.

In PCT application publication WO 2006/014973, enteric-
coated rasagiline mesylate pharmaceutical formulations
were disclosed. In the disclosed formulations (Example
1, 2 and 4) methacrylic acid - ethyl acrylate copolymer
(1:1) 30% dispersion, known as Eudragit® L-30 D-55 was
used. As evident 1in the above-mentioned publication,
these formulations were indeed delayed-release
formulations as shown by their dissolution profiles and
by the in-vivo data, however, the pharmacokinetic
profile, in terms of mean Cpax did not match the
pharmacokinetic profile of the immediate release

rasagiline mesylate formulations.

The excipient methacrylic acid - ethyl acrylate
copolymer (1:1) 30% dispersion, known as Eudragit® L-30
D-55, used in the above-mentioned publication WO
2006/014973, when applied as an aqueous dispersion
either on tablets or on spheres prevents dissolution of
the coated composition at low acidic pH. The structure

of this polymer is as follows:



10

15

20

25

30

WO 2009/089049 PCT/US2009/000134

The ratio of the free carboxyl groups to the ester
groups 1s approximately 1:1. The average molecular

weight is approximately 250, 000.

When this excipient is used in an aqueous dispersion or
in an organic solution and formed into a film coating of
a pharmaceutical formulation, it is intended to dissolve
at a pH of about 5.5. (Aqueous Polymeric Coatings for
Pharmaceutical Dosage Forms; Second Edition, Revised and
Expanded. Ed. James W. McGinity, 1997.) It is probable
that these prior art formulations began to dissolve in
the stomach, perhaps in the presence of food which can
raise the pH in the stomach, and continued to dissolve
over a prolonged period of time in the duodenum and the
jejunum. The prolonged dissolution period could explain
why the Cpax o0f these prior art formulations was
significantly 1lower than the Cpix o0f the immediate

release formulations to which they were compared.

The compositions of the current invention are intended
to withstand pH conditions of 6.0 and are intended to
release the active ingredient only above that pH. This
specific pH was chosen in order to avoid dissolution of
the pharmaceutical compositions of the invention in the
stomach and to allow rapid dissolution of the
pharmaceutical compositions of the invention 1in the
duodenum and the jejunum. The ability of a
pharmaceutical formulation to enter the duodenum before
releasing rasagiline mesylate and subsequently releasing

the rasagiline mesylate rapidly in the duodenum provides
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a pharmacokinetic profile, and specifically a Cpax and
AUCp-t, similar to that of the known immediate release

formulation.

Achieving the goal of a delayed-release pharmaceutical
formulation in which the Cpaxy 1is similar to the
corresponding immediate-release formulation is not
trivial. In general, when delayed release formulations
are compared to their immediate release counterparts in
bio-studies, the Cpax of the delayed release formulations
are lower than the Cpx in the corresponding immediate
release formulations. (Mascher, et al.
Arneimittelforschung. 2001; 51(6): 465-9. Behr, et al.
J. Clin Pharmacol. 2002; 42(7): 791-7.)

In addition, the instant invention provides a solution
to the problem of peripheral MAO inhibition by providing
pharmaceutical dosage forms comprising rasagiline which
are adapted to inhibit the release or absorption of
rasagiline in the stomach (i.e. delay the release of
rasagiline until at least a portion of the dosage form
has traversed the stomach). This avoids or minimizes
absorption of rasagiline in the stomach, thereby avoiding

or minimizing the potential cheese effect.

The pharmaceutical dosage form may be comprised of an
acid resistant excipient which prevents the dosage form
or parts thereof from contacting the acidic environment of
the stomach. The acid resistant excipient may coat the
rasagiline in the form of an enteric coated tablet,
capsule, or gelatin capsule. Enteric coating, 1in the
context of this invention, is a coating which prevents
the dissolution of an active ingredient in the stomach.
This is determined by measuring the dissolution of the
pharmaceutical dosage form in acidic solution, as defined
by USP methods. Even 1in enteric pharmaceutical dosage

forms, some of the dosage form may dissolve 1in the
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stomach; however, the dosage form may still be

considered enteric according to USP standards.

In all of its aspects, the present invention provides an
oral pharmaceutical dosage form useful for treating a
condition selected from the group consisting of:
Parkinson's disease, brain ischemia, head trauma injury,
spinal trauma injury, neurotrauma, neurodegenerative
disease, neurotoxic injury, nerve damage, dementia,
Alzheimer's type dementia, senile dementia, depression,
memory disorders, hyperactive syndrome, attention deficit
disorder, multiple sclerosis, schizophrenia, and affective
illness, but with a reduced risk of peripheral MAO
inhibition that is typically associated with

administration of rasagiline with known oral dosage forms.

Specific examples of pharmaceutically acceptable carriers
and excipients that may be used to formulate oral dosage
forms of the present invention are described, e.g., in
U.S. Pat. No. 6,126,968 to Peskin et al., issued Oct. 3,
2000. Techniques and compositions for making dosage forms

useful in the present invention are described, for

example, in the following references: 7 Modern
Pharmaceutics, Chapters 9 and 10 (Banker & Rhodes,
Editors, 1979); Pharmaceutical Dosage Forms: Tablets
(Lieberman et al., 1981) ; Ansel, Introduction to
Pharmaceutical Dosage Forms 2nd Edition (19706) ;
Remington's Pharmaceutical Sciences, 17th ed. (Mack
Publishing Company, Easton, Pa., 1985); Advances in

Pharmaceutical Sciences (David Ganderton, Trevor Jones,
Eds., 1992); Advances in Pharmaceutical Sciences Vol 7.
(David Ganderton, Trevor Jones, James McGinity, Eds.,
1995); Aqueous Polymeric Coatings for Pharmaceutical
Dosage Forms (Drugs and the Pharmaceutical Sciences,
Series 36 (James McGinity, Ed., 1989); Pharmaceutical
Particulate Carriers: Therapeutic Applications: Drugs and

the Pharmaceutical Sciences, Vol 61 (Alain Rolland, Ed.,
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1993); Drug Delivery to the Gastrointestinal Tract (Ellis
Horwood Books in the Biological Sciences. Series in
Pharmaceutical Technology; J. G. Hardy, S. S. Davis, Clive
G. Wilson, Eds.); Modern Pharmaceutics Drugs and the
Pharmaceutical Sciences, Vol 40 (Gilbert S. Banker,
Christopher T. Rhodes, Eds.).

Tablets may contain suitable binders, lubricants,
disintegrating agents, coloring agents, flavoring agents,
flow-inducing agents, melting agents, and plasticizers.
For instance, for oral administration in the dosage unit
form of a tablet or capsule, the active drug component can
be combined with an oral, non-toxic, pharmaceutically
acceptable, inert carrier such as xylose, gelatin, agar,
starch, methyl cellulose, dicalcium phosphate, calcium
sulfate, mannitol, sorbitol, microcrystalline cellulose
and the 1like. Suitable binders include starch, gelatin,
natural sugars such as corn starch, natural and synthetic
gums such as acacia, tragacanth, or sodium alginate,
povidone, carboxymethylcellulose, polyethylene glycol,
waxes, and the like. Lubricants used in these dosage forms
include sodium oleate, sodium stearate, sodium benzoate,
sodium acetate, stearic acid, sodium stearyl fumarate,
talc and the 1like. Disintegrators include, without
limitation, starch, methyl cellulose, agar, bentonite,
xanthan gum, croscarmellose sodium, sodium starch
glycolate and the 1like, suitable plasticizers include
triacetin, triethyl citrate, dibutyl sebacate,

polyethylene glycol and the like.

The basket-type apparatus used in this invention is the
apparatus 1 described in the United States Pharmacopeia,
29*" Edition, chapter 711. The apparatus is constructed as
follows:

The assembly consists of the following: a covered vessel

made of glass or other inert, transparent material; a



10

15

20

25

30

35

WO 2009/089049 PCT/US2009/000134

- 22 -

motor; a metallic drive shaft; and a cylindrical basket.
The vessel is partially immersed in a suitable water bath
of any convenient size or placed in a heating jacket. The
water bath or heating Jjacket permits holding the
temperature inside the vessel at 37 = 0.5 during the test
and keeping the bath fluid in constant, smooth motion. No
part of the assembly, including the environment in which
the assembly 1is placed, contributes significant motion,
agitation, or vibration beyond that due to the smoothly
rotating stirring element. Apparatus that permits
observation of the specimen and stirring element during
the test is preferable. The vessel 1s cylindrical, with a
hemispherical bottom and with one of the following
dimensions and capacities: for a nominal capacity of 1 L,
the height is 160 mm to 210 mm and its inside diameter 1is
98 mm to 106 mm; for a nominal capacity of 2 L, the height
is 280 mm to 300 mm and its inside diameter is 98 mm to
106 mm; and for a nominal capacity of 4 L, the height is
280 mm to 300 mm and its ‘inside diameter is 145 mm to 155
mm. Its sides are flanged at the top. A fitted cover may
be used to retard evaporation. The shaft is positioned so
that its axis is not more than 2 mm at any point from the
vertical axis of the vessel and rotates smoothly and
without significant wobble. A speed-requlating device is
used that allows the shaft rotation speed to be selected
and maintained at the rate specified in the individual
monograph, within +4%. Shaft and basket components of the
stirring element are fabricated of stainless steel type

316 or equivalent.

Unless otherwise specified in the individual monograph,
use 40-mesh cloth. A basket having a gold coating 0.0001
inch (2.5 pm) thick may be used. The dosage unit is placed
in a dry basket at the beginning of each test. The
distance between the inside bottom of the vessel and the

basket is maintained at 25 * 2 mm during the test.
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Within the context of this invention, dissolution is
measured as an average measurement of 6 pharmaceutical

dosage forms, for example, capsules or tablets.

This invention will be better understood from the
experimental details which follow. However, one skilled
in the art will readily appreciate that the specific
methods and results discussed are merely illustrative of
the invention as described more fully in the claims which

follow thereafter.
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Example 1: Rasagiline Immediate Release Tablets

Rasagiline immediate release tablets were prepared using

the ingredients listed in Table 1.

Table 1

Ingredients mg/tablet
Rasagiline mesylate 1.56
Mannitol USP 78.84
Colloidal Silicon Dioxide 0.6
Starch NF 10.0
Pregelatinized Starch NF/EP [10.0
Stearic Acid NF/EP 2.0

Talc USP/EP 2.0

Rasagiline mesylate, mannitol, half of the colloidal
silicon dioxide, starch and pregelatinized starch were
mixed in a Diosna P-800 mixer for about 5 minutes. Water
was added and the mixture was mixed further. The granulate
was dried and the remainder of the colloidal silicon
dioxide was added. The granulate was ground in a Frewitt
mill and stearic acid and talc were added. The granulate

was mixed for five minutes in a tumbler and was tableted.

Example 2: Rasagiline capsules containing enteric coated
particles

Rasagiline capsules were prepared according to example 3
in PCT application publication WO 2006/014973.

These capsules were tested for dissolution in 500 ml of
various aqueous acidic media made from phthalate buffer
adjusted to the target pH from 2.4 to 3.6 using HC1
solution and adjusted to the target pH of 4.2 to 5.2 using
NaOH solution.
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Table 2: Dissolution of capsules, in different pH media,

in percent

Time pH 2.4 pH 3.0 pH 3.6 PH 4.2 pH 5.2
(min)

30 0 0 0 0 0

60 0 0 0 0 22

90 0 0 0 0 48

120 0 0 0 0 66

The capsule formulation begins to dissolve after 60
minutes in medium with a pH of 5.2. This may explain the
lower Cpaxy value in a single dose, crossover comparative
pharmacokinetic study in 12 healthy male volunteers in the
fasting state attributed to this formulation when compared
to the immediate release formulation of example 1. It is
likely that the dissolution of this formulation occurs
slowly from the time the formulation enters the duodenum
until the formulation proceeds in the intestine to the
jejunum. Without being bound by theory, this may be
attributed to the fact that the capsule disintegrates in
the stomach and the coated pellets travel at different
speeds through the intestine, releasing the rasagiline
over a longer period of time, over a larger intestinal

surface area.

Example 3: Rasagiline Tablet Cores

An attempt was made to formulate tablet cores which would
have a pharmacokinetic profile (Cnax and AUC) resembling

that of the immediate release formulation of example 1.

A series of tablet core formulations based on tablet
formulations disclosed in US 6,126,968 was manufactured

using the amounts of excipients in Table 1.

The tablets were prepared using wet granulation technology

and the amount of disintegrant was varied.
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‘Table 3a: Composition of the cores of the enteric coated

tablets - All tablets included the following ingredients

in the following amounts, in mg/tablet core:

Ingredient Amount

Mannitol USP/EP 159.24

Colloidal Silicon Dioxide [ 1.2
(Aerosil® 200)

Rasagiline Mesylate 1.56
Starch NF/EP 20.0
Stearic Acid 4.0
Talc 4.0

Table 3b: 8 different formulations were prepared using the
ingredients in Table 1la while varying the excipients

below.

Ingredient A B C D E F G H

Pregelatinized [20.0 | 40.0[20.0]40.0|20.0(40.0(20.0]40.0
Starch (STA-
RX® 1500)

Croscarmellose | -—— | --—=-15.0 5.0 -——==|-=--=-15.0 5.0
Sodium (Ac-Di-|--- _ ——ee | e
Sol®, within

granulate)

Croscarmellose | -——-—~~-|-—-———f>--—=== | -—-—=[5.0 5.0 5.0 5.0
Sodium (Ac-Di-|--- RN N I
Sol®, extra

granular)

The tablet cores were manufactured as follows:

Mannitol, half of the colloidal silicon dioxide,
rasagiline mesylate, starch NF, pre-gelatinized starch,
and croscarmelose sodium (where applicable) were mixed in
a high shear granulating mixer. Purified water was added,

and mixing continued. The granulate was dried in a fluid
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bed drier and cooled to about 25° C. The remainder of the
colloidal silicon dioxide was further added and the
granulate was milled in an oscillating granulator with a
0.6 mm screen. Stearic acid and talc were added and the
granulate was mixed in a Y-cone mixer. The granulate was

then pressed into tablets.

Tablet cores manufactured using the excipients disclosed
above were tested and were determined to have fast

disintegration and dissolution release.

Tablet cores according to formulation B were chosen for
continued development because they gave better
compressibility properties and a higher hardness value
compared to the other formulations, while maintaining a

fast disintegration.

The dissolution percentage of tablet cores according to
formulation B was tested using 0.1N HC1l, paddle apparatus
operated at 50 rpm, in 500 ml of dissolution media. The

results are listed in table 3c.

Table 3c

Time Percent Dissolution
5 0

10 97

15 97

20 97

This example shows that the dissolution of rasagiline

mesylate tablet cores according to formulation B is rapid.
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Example 4: Rasagiline Mesylate Coated Tablets

Tablets were prepared using the tablet cores prepared

according to example 3, formulation B, using the following

excipients:
Table 4a

Enteric coated Formulation F

Tablet cores B 235.0 mg
Methacrylic Acid - Methyl |[14.1 mg
Methacrylate Copolymer

[1:1] (Eudragit® L-100)

Triethyl citrate 4.9 mg

*this formulation can also contain talc extra-fine.

Eudragit® L-100 (Methacrylic Acid - Methyl Methacrylate
Copolymer [1:1]) and triethyl citrate were added to
ethanol to attain a solution. The tablets were sprayed
with the solution in an Ohara coater coating pan. The
inlet air temperature was between 30°C to 40°C, the outlet
air temperature was in range of 30-35°C. The pan speed was
set to 7 rpm, and the spraying rate was 10-20 rpm. The
nozzle diameter was O0.8mm to 1.2 mm. The tablets were
dried for 2 hours at the same conditions in the coating

pan, on minimum pan speed.

The dissolution profile of the coated tablets in 0.1N HCI1
was acceptable according to United States Pharmacopeia
specification for delayed release (enteric coated)
articles, 29" edition, Chapter 724, showing less than 10%

release after 120 minutes.

The dissolution profiles of the product in 500 ml of
different pH media (5.4-6.8) in basket apparatus at 75 rpm
at 37°C are presented in table 4b. The media with a pH
from 6.0 to 6.8 were potassium phospate buffer media
adjusted to the target pH with NaOH solution. The media
with a pH from 5.4 to 5.6 were phthalate buffer media
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adjusted to the target pH with NaOH solution.

Table 4b: Dissolution results (in percent) for formulation

F in various phospate buffer media

' Time pH 5.4 pPH 5.6 pH 6.0 pH 6.2 pH 6.8
15 0 0 0 0 5

20 0 0 0 4 23

30 0 0 0 14 88

60 0 0 35 477 94

120 0 0 88 108 94

As evident in table 4b, there was no release at pH 5.4 or
5.6, but from pH 6.0 and above, a slow release of

rasagiline was observed.

Example 5: Additional Rasagiline Mesylate Coated Tablets

In order to make tablets which would not dissolve in a pH
of 6.0-6.4 in a Dbasket apparatus after 60 minutes, but
would dissolve in a pH of 6.6-6.8, the amount of the water
soluble plasticizer triethyl citrate was decreased to 20%
of the coating while the percent of the coating layer
relative to the core was increased. The excipients used

for formulation G are described in table 5a.

Table 5a

Enteric coated Formulation G

Tablet cores B 235.0 mg
Methacrylic Acid - Methyl |23.5 mg
Methacrylate Copolymer
(1:1] (Eudragit® L-100)
Triethyl citrate 4.7 mg

Tablets according to formulation G were manufactured as
follows. Cores were coated as in Example 4, with the
exception of adjusting the amount of coating and of
plasticizer.
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The dissolution profile of the coated tablets in 0.1N HCl
was acceptable according to United States Pharmacopeia
specifications for delayed release (enteric coated)
articles, 29" edition, Chapter 724, showing less than 10%

release after 120 minutes.

The dissolution profiles of the formulation G in different
pH media (6.2-6.8) in basket apparatus at 75 rpm at 37°C
are presented in table 5a. The media were made using
potassium phospate buffer media adjusted to the target pH
with NaOH solution.

Table 5b: Dissolution results (in percent) for formulation

G in various phosphate buffer media

Time pH 6.2 pH 6.4 pH 6.8
15 0 0 No Data
20 0 0 5

30 0 0 44

40 0 0 80

50 0 0 98

60 0 0 No Data

As is evident from table 5b, no dissolution was observed
between pH 6.2-6.6 over 60 minutes. In pH 6.8 a full fast

release was obtained as required.

Example 6: Additional Rasagiline Mesylate Coated Tablets

Formulation G from example 5 was modified by reducing the
core size. The motivation in reducing the core size was to
allow for a smaller tablet which would pass into the
intestine quicker, thereby reducing tablet erosion. 1In
addition to this modification, an additional coating (pre-
coat) was added to prevent any possible interaction
between the rasagiline mesylate 1in the core and the

Eudragit L polymer.

Coated tablets according to formulation H were prepared
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using the ingredients listed in table 6.

Table 6a
Ingredient mg/tab
Mannitol 79.84
Colloidal Silicon Dioxide 0.6
Rasagiline mesylate 1.56
Starch NF 10.0
Pregelatinized Starch (STA-]20.0
RX® 1500)
Stearic Acid
Talc
Hypromellose (Pharmacoat®
606G)
Methacrylic Acid - Methyl |12.58
Methacrylate Copolymer
[1:1] (Eudragit® L-100)
Triethyl citrate 2.516

The manufacture of coated tablets according to formulation

H proceeded as follows:

Mannitol USSP, half of the Colloidal Silicon Dioxide,
Rasagiline Mesylate, and Starch NF, and Pregelatinized
starch were mixed. Water was measured were mixed and

granulated with water and compressed into tablets.

Tablet cores were first coated with hypromellose
(Pharmacoat® 606G) as a pre-coating, followed by
Methacrylic Acid - Methyl Methacrylate Copolymer ([1:1]
(Eudragit® L-100) to prevent any possible interaction
between the rasagiline mesylate in the core and the

Eudragit L polymer.

Pharmacoat® 606G (hypromellose USP) solution was prepared
using 156 g of Pharmacoat® 606G, in 1,000 g of isopropyl
alcohol and 500 g of purified water.
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The tablet cores were sprayed with the solution in an
Ohara Coater coating pan. The inlet air temperature was
between 30°C to 40°C, the outlet air temperature was in
range of 30-35°C. The pan speed was set to 7 rpm, spraying
rate was 10-20 rpm. The tablets were dried for 1 hour.

Eudragit® L-100 and triethyl citrate were added to
isopropyl alcohol to form a solution. The tablets were
sprayed with the solution in Ohara Coater coating pan at
the same conditions as the Pharmacoat® 606G intermediate
coat with the exception that the drying lasted 2 hours

instead of 1 hour.

The dissolution profile of the coated tablets in 0.1N HC1
was acceptable according to United States Pharmacopeia
specification for delayed release (enteric coated)
articles, 29*" edition, Chapter 724, showing less than 10%

release after 120 minutes.

The dissolution in pH 6.8 buffer is disclosed in table 6b.

Table 6b

Time Dissolution
20 1

30 2

50 61

90 97
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Example 7 - Rasagiline Mesylate Delayed Release Tablets

Table 7

Ingredient mg/tab Percentage of total
welght

Mannitol 79.84 60.8

Colloidal Silicon | 0.6 0.457

Dioxide

Rasagiline mesylate 1.56 1.19

Starch NF 10.0 7.61

Pregelatinized 20.0 15.2

Starch {STA-RX®

1500)

Stearic Acid 2.0 1.52

Talc 2.0 1.52

Hypromellose 4.8 3.65

(Pharmacoat® 606G)

Methacrylic Acid | 6.250 4.76

Ethyl Acrylate

copolymer (Eudragit®

L 100-55)

Triethyl citrate 1.25 0.951

Talc USP Extra Fine 3.1 2.36

EUDRAGIT® L 100-55 contains an anionic copolymer based on
methacrylic acid and ethyl acrylate. It is also known as
methacrylic acid copolymer, type C. The ratio of the free
carboxyl groups to the ester groups 1is approx. 1l:1. The

average molecular weight is approx. 250,000.

CH;
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Mannitol, half of the colleoidal silicon dioxide,
rasagiline mesylate, starch, and pregelatinzed starch were
mixed. Purified water was added to form a granulate. The
granulate was dried (input temperature 55°C, output
temperature 37°C.) The remainder of the colloidal silicon
dioxide was added to the granulate and the granulate was
milled (0.6 mm mesh.) Stearic acid and talc were than

added and the granulate was then compressed into tablets.

Tablet cores were first coated with hypromellose
(Pharmacoat® 606G) as a pre-coating, followed by EUDRAGIT®
L 100-55 methacrylic acid and ethyl acrylate to prevent
any possible interaction between the rasagiline mesylate
in the core and the Eudragit L polymer.

Pharmacoat® 606G (hypromellose USP) solution was prepared
using 155 g of Pharmacoat® 606G, in 1,000 g of isopropyl
alcohol and 500 g of purified water.

The tablet cores were sprayed with the solution in an
Ohara Coater coating pan. The inlet air temperature was
between 35°C to 40°C, the outlet air temperature was in
range of 30-35°C. The pan speed was set to 8-12 rpm,
spraying rate was 10-20 g/min. The tablets were dried for

2 hours.

Eudragit® L-100-55 (236.5 g) was added to 1.250 kg
isopropanol, and 119 g purified water, and was mixed until
a clear solution was formed. Triethyl citrate (47.3 g) in
637 g of isopropanol were added. 117.304 g of talc USP
extra fine and 500 g of isopropanol were mixed together
for 10 minutes, then added to the above solution. The
tablets were sprayed with the solution in Ohara Coater
coating pan. The inlet air temperature was between 35°C to
38°C, the outlet air temperature was in range of 30-35°C.
The pan speed was set to 14-18 rpm, spraying rate was 5-20
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g/min. The tablets were dried for 2 hours.

The dissolution profile of the coated tablets in 0.1N HCI
was acceptable according to United States Pharmacopeia
specification for delayed release (enteric coated)
articles, 29 edition, Chapter 724, showing less than 10%

release after 120 minutes.

Example 8 - Dissolution Results of Tablets According to

Example 7

The tablets prepared according to example 7 from 4

different batches lettered A-D were tested for dissolution
profile in various media according to USP procedures. The
data below represents average for 6 tablets. The apparatus
used was a Basket apparatus at 75 rpm, with 500 mL of
buffered phosphate solution at various pH 1levels. The
tablets were transferred into the buffered phosphate
solution after being in a similar apparatus for 2 hours in
0.1N HC1. '

Table 8a. % Rasagiline released -~ Phosphate Buffer, pH of
5.8

Time Batch A Batch B Batch C Batch D

20

30

40

50

60

70

80

O O] Of O O ©Of O O
Ol O] ©OfF ©Of O] O O O
O O] O O O O O ©
Rl O] O O O o o O

90
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Table 8b. % Rasagiline released - Phosphate Buffer, pH of
6.0
Time Batch A Batch B Batch C Batch D
20 0 0 0 0
30 0 0 0 0
40 0 0 0 0
50 0 0 0 0
60 0 0 1 0
70 0 0 5 2
80 0 1 18 9
90 0 2 35 24
Table 8c. % Rasagiline released - Phosphate Buffer, pH of
6.2
Time Batch A Batch B Batch C Batch D
20 0 0 0 0
30 0 2 20 13
40 25 19 6l 55
50 86 64 84 87
60 100 86 96 99
70 100 93 96 99
80 100 94 96 99
90 100 94 96 100
Table 8d. % Rasagiline released - Phosphate Buffer, pH of
6.8
Time Batch A Batch B Batch C Batch D
10 0 1 14 12
20 106 91 97 92
30 106 92 o8 93
40 106 93 99 94
50 106 94 99 94
70 No Data 95 99 94
80 No Data 95 99 No Data
90 106 95 99 94
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Discussion:

The tablets prepared according to Example 7 do not begin
the release of rasagiline at a pH lower than 6.0. At a pH
of 6.8, there is a rapid release of rasagiline and within
20 minutes, above 90% of the rasagiline is released from

the formulation.

During the development of the formulations of the current
invention, it was determined that the formulations should
meet the criteria of Dbioequivalence to the known,
immediate release rasagiline mesylate formulations (as
disclosed in example 1) in a single dose bio~equivalence
study in healthy subjects. These <criteria include
similarity of Cpax and/ or AUCo-+ (area under the curve)
within the range of 80-125% within a 90% confidence
interval between the new formulations and the known,
immediate release formulations. The difference between the
two formulations should be evident 1in Dbiocequivalence
studies as a difference in tpax. In other words, the mean
pharmacokinetic profile of the formulations of the current
invention should match the mean pharmacokinetic profile of
the formulations of the known immediate release
formulation, with the exception of the tn.x which should be
greater for the delayed release formulation than for the

immediate release formulation.

The reason for attempting to match the mean Cpax and AUCq-¢
of the known immediate release formulation (i.e. to
formulate a delayed release formulation that is
bioequivalent) 1is that the efficacy of the immediate
release formulation has been proven, and it is likely that
the efficacy of the formulation relates to its mean Cpax
and/or AUC. (Arch Neurol. 2002; 59:1937-1943.)

In order to reach this target, development was directed
toward enteric coated tablets having a quickly

disintegrating core with an enteric coating which allows
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release of the rasagiline mesylate in a very specific
range of pH. This specific pH range would prevent the
formulation to release rasagiline mesylate in the stomach,
and would allow the formulation to release rasagiline
mesylate quickly under the physiological conditions of the

intestine.

Although the tablets of example 7 were coated with an
enteric coating comprising Methacrylic Acid Ethyl
Acrylate copolymer, as were the compositions in PCT
application publication WO 2006/014973, the tablets
according to example 7 were capable of withstanding pH
of 6.0 and Dbelow, whereas the composition in WO
2006/014973 were not.

The difference in dissolution profiles stems from the
fact that a lower ratio of polymer to plasticizer 1is
used in the compositions of the invention. The ratio of
between 10:1 and 2:1, and specifically 5:1 allows for

enhanced in vitro dissolution profiles.

The dissolution profile of the formulation of Example 7
allows the composition to have enhanced pharmacokinetic
properties, similar to the currently marketed immediate

release formulations.
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Example 9 - Rasagiline Mesylate Delayed Release Tablets

Prepared Using Water Only as Solvent

As detailed above, the - preparation of the coating
suspension in Example 7 emplyed isopropanol as a solvent.
Additincal formulations according to Example 7 have been
prepared without using isopropanol, i.e. “water
formulation.” Rasagiline mesylate enteric coated
formulation Batch X and Batch Y are examples of such

“water formulation”.

Table 9a - Batch X

Component F . Reference to Per Tablet (mg )
ction Quality Standard

Core tablets

Rasagiline Drug Substance In house 1.56
Mesylate standard

Mannitol Filler USP, BP, Ph.Eur. 79.84

Aerosil Flowing Agent USP/NF 0.6

Starch, Disintegrant NF, Ph.Eur. 20.0
Pregelatinized
(Starch STA-RX

1500)

Starch NF Binder USP, BP, Ph.Eur. 10.

Talc Lubricant USP, Ph.Eur.

2
Stearic Acid Lubricant USP, Ph.Eur. 2.
Total core Tablet 11

Weight

Supcoating
Suspention

Pharmacoat Coating Agent 4.8 mg
606G (Hypromellose
USP) Granules

Purified Water Processing USP/Ph.Eur./Jp
Agent

Coating
Suspention

Eudragit L-30 D-55 Coating Agent 6.25** mg

Talc USP Extra Lubricant USP, Ph.Eur. 3.1 mg
Fine

Triethyl citrate Plasticizer 1.25 mg
NF

Purified Water USP/Ph.Eur./Jp

Theoretical Batch
Size

* Equivalent to 1.0 mg of Rasagiline (N-propargyl-1(R) -
Aminoindan Base)

**Solids remaining on the tablets
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Table 9 -

Batch Y

PCT/US2009/000134

Component

Function

Reference to
Quality Standard

Per Tablet (mg)

Core tablets

Rasagiline
Mesylate

Drug Substance

In house
standard

Mannitol

Filler

USP, BP, Ph.Eur.

Aerosil

Flowling Agent

USP/NF

Starch,
Pregelatinized
(Starch STA-RX

1500)

Disintegrant

NF, Ph.Eur.

Starch NF

Binder

USP, BP, Ph.Eur.

Talc

Lubricant

USP, Ph.Eur.

Stearic Acid

Lubricant

USP, Ph.Eur.

Total core
Tablet Weight

Supcoating
Suspention

Pharmacoat 606G
(Hypromellose
USP) Granules

Coating Agent

4.8 mg

Purified Water

Processing Agent

USP/Ph.Eur./Jp

Coating
Suspention

Eudragit L-30 D-
55

Coating Agent

6.25** mg

Talc USP Extra
Fine

Lubricant

USP, Ph.Eur.

3.1 mg

Triethyl citrate
NF

Plasticizer

1.25 mg

Purified Water

USP/Ph.Eur./Jp

Theoretical
Batch Size

Dissolution Results with Batches X and Y

The dissolution profile of the coated tablets in 0.1N HCI1
was acceptable according to USP specification for delayed
29th edition,

showing less than 10% release after 120 minutes.

release (enteric coated) articles,

724,

Chapter

in 500 ml of
in basket apparatus at 75 rpm
The media with

pH from 6.0 to 6.8 were potassium phosphate buffer media

The dissolution profiles of the product
different pH media (6.0-6.8)

at 37°C are presented in the tables below,

adjusted to the target pH with NaOH solution,
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Table 9c. % Rasagiline released - Phosphate buffer pH 5.8.

10 min 20 30 40 60 90

min min min min min

Batch Y Mean 0 0 0 0 0
Batch X Mean 0 0 0 0 0

Table 9d. % Rasagiline released - Phosphate buffer pH 6.8.

10 min 20 30 40 60 90

min min min min min

Batch Y Mean 3 95 98 99 99 99
Batch X Mean 2 85 89 89 90 90
These dissolution results of the “water formulation”

correlate well with the dissolution results in Example 8.

Example 10 - Clinical Study Based on Tablets According to
Example 7

This study assessed the relative biocavailability and the
extent of peripheral MAO-B inhibition of Rasagiline
Delayed Release Tablets (1 mg Rasagiline base) and
Rasagiline Mesylate EC SGC (1 mg Rasagiline base) compared
to that of AZILECT® Tablets following an oral dose once
daily for 10 consecutive days (1 x 1 mg tablet or 1 x 1 mg
capsule) in healthy adult subjects.

1. Study Design

This study was an open-label, randomized, multiple-dose,
three-period, three-sequence, comparative crossover study.
The total duration of the study, screening through study
exit, 1is approximately 12 weeks with at least a 21 day
washout between periods. At study check-in, the subjects
reported to the clinical site at least 10.5 hours prior to
Day 1 and Day 10 dosing and were required to stay for 24
hours after Day 1 and Day 10 dosing. Subjects were
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required to comply with an at home dosing portion of the
study and report to the clinical site on three separate
occasions each study period to complete study related

activities.

2. SUBJECT SELECTION

A total of twelve healthy male and female subjects (4 per
sequence) were selected 18-55 years of age. Sufficient
numbers of subjects were screened to enroll twelve
subjects. Subjects are selected from non-institutionalized
subjects consisting of members of the community at large.
The subjects maintained a low-tyramine diet during the

study.

3. STUDY PRODUCTS AND RANDOMIZATION

Test Product (A)

1 tablet of test product prepared according to Example 7
with approximately 240 mL (8 fluid ounces) of room
temperature water [Rasagiline Delayed Release Tablets (1
mg Rasagiline base) by Teva Pharmaceutical 1Industries
Ltd.]

Test Product (B)

1 capsule of test product (B) [Rasagiline Mesylate
Enteric-Coated Soft Gelatin Capsules (1 mg Rasagiline
base)] with approximately 240 mL (8 fluid ounces) of room
temperature water once in the morning on study Days 1
through 10

Reference Product (C)

1 tablet of reference product with approximately 240 mL (8
fluid ounces) of room temperature water [AZILECT® Tablets
(1 mg Rasagiline base) by Teva Pharmaceutical Industries
Ltd.; marketed by Teva Neuroscience, Inc.]
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Randomization Sequence
Sequence 1 = A B C
Sequence 2 = B C A
Sequence 3 = C A B

Dose administration on study Days 1 and 10 occurred after

an overnight fast of at least 10 hours.

Both test products are enteric-coated, delayed release
formulations of rasagiline containing 1 mg rasagiline base
(as the mesylate). The terms "enteric-coated (EC)" and
"delayed release (DR)" are interchangeable for the
purposes of this study. The abbreviation SGC is used to
indicate soft gelatin capsules for the purposes of this

study.

Safety assessment of subjects during study was performed

as needed.

4. Sample Collection and Handling Procedures

Pharmacokinetic sampling (depending on randomization)

occurred on the following days at the corresponding

timepoints:
a) Test Products A and B:
. Day 1 within 90 minutes prior to dosing (0 hour) and

after dose administration at 0.5, 1, 1.33, 1.67, 2, 2.33,
2.7, 3, 3.33, 3.67, 4, 4.5, 5, 6, 7, 8, 9, 12, and 24
hours

. Day 8 and Day 9 prior to dosing (0 hour)

. Day 10 prior to dosing (0 hour) and after dose
administration at 0.5, 1, 1.33, 1.67, 2, 2.33, 2.67, 3,
3.33, 3.67, 4, 4.5, 5, 6, 7, 8, 9, 12, 24, and 36 hours

b) Reference Product C:

. Day 1 within 90 minutes prior to dosing (0 hour) and



10

15

20

25

30

35

WO 2009/089049 PCT/US2009/000134

- 44 -

after dose administration at 0.25, 0.5, 0.75, 1, 1.5, 2,
3, 4, 5, 6, 7, 8, 12, and 24 hours

. Day 8 and Day 9 prior to dosing (0 hour)

. Day 10 prior to dosing (0 hour) and after dose
administration at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6,
7, 8, 12, 24, and 36 hours

A total of 76 blood samples [43 for Test Product A and
Test Product B and 33 for Reference Product C] were

collected for pharmacokinetic sampling.

Pharmacodynamic Sample Collection Schedule

. Day 1 within 90 minutes prior to dosing (0 hour) and
6 hours after dose administration

. Day 10 at 6 hours after dose administration

Three (3) blood samples per period x 2 study periods
(total of 6 samples) were collected for pharmacodynamic

sampling.
5. Sample Analyses
a) The rasagiline and aminoindan plasma concentrations

was measured using a validated bicanalytical method and
according to the Bioanalytical Laboratory's Standard

Operating Procedures and FDA Guidelines.

b) The determination of the MAO-B activity in platelets
was performed with a non-validated method in laboratories
that are GLP certified and in accordance with the

principles of GLP.

c) Samples from subjects who withdraw consent or were

dropped from the study were not analyzed.

For every subject, the platelet MAO-B activity obtained

before the start of each period was considered the control
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value. Platelet MAO-B activity during drug exposure was
expressed as % of control. The determination of the MAO-B
activity in platelets was performed according to SOPs in

laboratories that are GLP certified.

Pharmacokinetic and statistical analyses were performed
for rasagiline and aminoindan plasma data. Data from
subject Nos. 1-12 were analyzed if the subject completed
at least two periods and was dosed with the reference

product in one of the periods.

Analyses were provided separately for each formulation and
each administration day. Pharmacokinetic parameters for
rasagiline and aminoindan plasma concentration were
calculated using standard noncompartmental approaches as
indicated below for the Day 1 comparison (Gibaldi M,
Perrier D., Pharmacokinetics, 2nd edition, New York:
Marcel Dekker Inc., 1982):

AUCq-¢ Area under the concentration-time
curve from time zero to the time of
the last quantifiable concentration
(t), calculated using the linear

trapezoidal rule.

AUCq-ins Area under the concentration-time

curve from time zero extrapolated to

infinity.

AUCO—t/AUCO-inf The ratio of AUCo_t to AUCp-inf (lI’l
percentage) .

Chax Maximum or peak concentration,

obtained by inspection.

Thax Time of maximum or peak concentration,

obtained by inspection.
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T1ag The time prior to the time
corresponding to the first measurable

(non-zero) concentration.

Kel Terminal elimination rate constant,
estimated by linear regression on the
terminal phase of the semi-logarithmic

concentration versus time curve.

Ty, Half life of the product.

Pharmacokinetic parameters for rasagiline and aminoindan
plasma concentration were calculated using standard
noncompartmental approaches as indicated below for the Day
10 comparison (Gibaldi M., Perrier D., Pharmacokinetics,
2nd edition, New York: Marcel Dekker Inc., 1982):

AUCq-¢ Area under the concentration-time
curve from time zero to the time of
the 1last quantifiable concentration
(t), calculated using the linear

trapezoidal rule.

AUCp-1(ss) The area under the concentration
versus time curve over the dosing
interval (1) at steady state;
calculated using the linear

trapezoidal method.

Cmax (ss) Maximum or peak measured plasma

concentration at steady state.

Crin(ss) Minimum or trough measured plasma

concentration at steady state.
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Cav(ss)

Fluctuation Index

Tmax (ss)

Tlag (ss)

% Peak to Trough

Fluctuation

Peak to Trough

Swing

Kel

Ty

PCT/US2009/000134
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The average plasma concentration at
steady state obtained by the
calculation: AUCy-./1, where 1 1is the
dosing interval.
The fluctuation at steady state,

calculated as: [ (Crax(ss)-Cmin(ss)) /

Cav(ss)] .

Time of maximum or peak measured
plasma concentration at steady state,
obtained by inspection.

The time prior to the time
corresponding to the first measurable
(non-zero) concentration.
Calculated as:

100+ [ (Cmax(ss)_cmin(ss)) /cmin(ss)] .

Calculated as: (Cpax(ss)=Cnmin(ss)) «

Terminal elimination rate constant,
estimated by linear regression on the
terminal phase of the semi-logarithmic

concentration versus time curve.

Half life of the product.

Relative Bioavailability at Day 1 is defined as:
AUCp-inf (test) /AUCy-ins (reference) .

Relative Biocavailability at Day 10 is defined as:
AUCy-. (test) /AUCqy-. (reference) .

Plasma concentrations below the limit of quantitization
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(LOQ) was labeled as 'BLQ' in the plasma concentration
data listings and set to zero, if recorded prior to the
first measurable value of each period. If a concentration
was BLQ post-dose and was followed by a concentration
above L0OQ, this wvalue was set to *» LOQ for descriptive
statistics. Elsewhere, BLQ values were excluded from the
PK analysis. Actual sampling time was wused in the

pharmacokinetic analysis.

No value of Kel, AUCqo.inr Oor T, were reported for cases that
do not exhibit a terminal 1log-linear phase 1in the
concentration versus time profile for Day 1 or Day 10

comparison.

Other pharmacokinetic parameters are calculated if deemed

necessary.

Statistical analyses were performed for rasagiline and
aminoindan plasma concentration data at Day 1 and Day 10.
Data from Subject Nos. 1-12 were analyzed for single dose
(Day 1) analyses if the subject received a first dose of
reference product and at least one test product. Data from
subject Nos. 1-12 were analyzed for multiple dose (Day 10)
analyses if the subject completed at least two periods and
was dosed with the reference product in one of the

periods.

Individual and mean MAO-B inhibition percentages were
tabulated following multiple dose administration at 6
hours after the first and last dose of each treatment and
summarized by N, arithmetic mean, standard deviation, and

coefficient of variation (CV%).

Individual and mean plasma concentrations of rasagiline
and aminoindan were tabulated following single and
multiple dose administration at each scheduled time-point

during each treatment and summarized by N, arithmetic
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mean, standard deviation, and coefficient of wvariation
(CV%) . Concentrations BLQ were taken as Zero for

descriptive statistics, except for values set to 1/2LOQ.

Graphical displays were generated for each subject and
each period as measured and after log-transformation. Mean
(xSD) concentration-time curves are plotted based on

scheduled sampling times relative to drug intake.

Arithmetic means, standard deviations and coefficients of
variation were calculated for the parameters listed above.
Additionally, geometric means were calculated for AUCy-¢,
AUCq-ins (Day 1 only), AUCp-; and Cpix for Day 1 and Day 10.
Data from all completed periods were included in these

analyses.

RAnalyses of variance (ANOVA) was performed separately at
Day 1 on the I1n-transformed pharmacokinetic parameters
AUCqg-t, AUCp-in¢ and Cpax and Day 10 on the In-transformed
pharmacokinetic parameters AUCg.; and Cpax. The ANOVA model
included sequence, formulation and period as fixed effects
and subject nested within sequence as a random effect.
Sequence was tested using subject nested within sequence
as the error term. A 5% level of significance was used to
test the sequence effect. Each analysis of variance
included calculation of least-squares means, the
difference between adjusted formulation means and the
standard error associated with this difference. The above
statistical analyses were done using the MIXED procedure
(SAS®) .

Tnax Were analyzed using nonparametric analysis (the

Wilcoxon Signed Rank Test).

In agreement with the two one-sided test for
bioequivalence (Schuirmann DJ., A comparison of the two

one-sided tests procedure and the power approach for
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assessing the equivalence of average bioavailability, J
Pharmacokinet Biopharm 1987; 15:657-80), 90% confidence
intervals for the difference between the tests and
reference formulation least-squares means (LSM) were
calculated for the parameters AUCg-r, AUCp-in¢ and Cpax using
In-transformed data for Day 1 and AUCy-; and Cpax for Day
10. Confidence intervals for the ratio between means were
calculated using back-transformation of the confidence
intervals for the 1ln-transformed data. The confidence
intervals were expressed as a percentage relative to the

ILLSM of the reference formulation.

Ratios of means of the tests to reference were calculated
using the LSM for Iln-transformed AUCy-t, AUCp-ins and Cpax
(Day 1) and AUCyp-; and Cpax (Day 10). The geometric mean
values were reported. Ratios of means were expressed as a

percentage of the LSM for the reference formulation.

Results
The results of the c¢linical trial are summarized in the

summary table below.

Table 10a. Cpax and AUC Result Summary Table

Day 1 Day 10
Cmax% (DR vs IR) "89.86—141.55 84.41-121.31
AUC% (DR vs IR) "101.55—122.54 91.04-126.23

The above Results Summary table shows that the delayed
release formulation tested (Example 7) met the criteria
for bicequivalence to the known immediate release

formulation.

The tables which follow show the detailed results.
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MAO assay:

The standard method was used for the enzymatic
determination of MAO, IRD-MB-051: “Determination of

monoamine oxidase (MAO) by an extraction method using

radiolabelled substrate in various tissues”.

Briefly, fifty (50) pl of homogenate were added to 100 pl
0.1 M phosphate buffer (pH-7.4). After preincubation of 20
minutes at 37 °C, 50 nl of !C-phenylethylamine
hydrochloride (10 uM final concentration) were added and
incubation continued for next 20 minutes. The reaction was

then stopped by addition of citric acid 2 M.

Radiocactive metabolites were extracted into toluene/ethyl
acetate (1l:1 v/v.), a solution of 2,5-diphenyloxazole was
added to a final concentration of 0.4 % and the metabolite
content estimated by liquid scintillation counting.

Activity of rat brain homogenate served as standard

(positive control) to the assay.

Protein determination was performed by the Lowrey method.
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Table 10p. Percent of MAO-B inhibition by different
rasagiline formulations, 6 hours after single and 10 days
dosing.

MAO-B MAO-B MAO-B
subject % inhibition % inhibition % inhibition
number DR Tablets EC capsules AZILECT

day 1

day 10 |day 1 day 10 |day 1 day 10
1 * * 8 98 46 99
2 31 99 53 99 * *
3 41 100 * * 44 99
4 30 97 46 94 * *
5 46 99 * * 36 98
) ND ND 32 92 ND ND
7 31 99 46 98 * *
8 * * 44 100 60 100
9 * * 53 97 39 o8
10 30 99 * * 43 98
11 31 99 44 100 * *
12 65 100 * * 40 99
average 38.1 99.0 40.8 97.3 44.0 98.7
sd 12.4 0.9 14.8 2.9 7.8 0.8
N 8 8 8 8 7 7
sem 4.4 0.3 5.2 1.0 3.0 0.3
$ CV 32.5 0.9 36.2 2.9 17.8 0.8

* blood withdrawal with lithium heparin (omitted from
analysis)

Table 10p and Figure 9 present the percent of MAO-B

inhibition compared to baseline.

After single administration, all three formulations caused
abut 40% inhibition of platelets MAO-B (38% by DR tables,
41% by EC capsules and 44% by AZILECT). Full MAO-B
inhibition was observed with all treatment drug
administration for 10 days. Baseline activities were
similar in most subjects, indicating sufficient wash out

period.
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What is claimed is:

1. A pharmaceutical composition comprising: a core
comprising rasagiline mesylate and at least one
pharmaceutically acceptable excipient; and an acid
resistant pharmaceutically acceptable coating,
wherein said pharmaceutical composition releases the
following percentages of rasagiline mesylate when
placed in a basket apparatus in 500 mL of buffered
aqueous media at 37°C at 75 revolutions per minute
for 60 minutes under the following pH conditions:

a) 0% in 0.1 N HC1;
b) between 0 and 20% in a phosphate buffer solution
with a pH of 6.0.

2. The pharmaceutical composition of claim 1, which
releases between 80 and 100% of rasagiline mesylate
when placed in a basket apparatus in 500 mL of
buffered aqueous media at a pH of 6.2 at 37°C at 75

revolutions per minute for 60 minutes.

3. The pharmaceutical composition of claim 1, which
releases between 80 and 100% of rasagiline mesylate
when placed in a basket apparatus in 500 mL of
buffered aqueous media at a pH of 6.8 at 37°C at 75

revolutions per minute for 20 minutes.

4. A pharmaceutical composition comprising: a core
comprising rasagiline mesylate and at least one
pharmaceutically acceptable excipient; and an acid
resistant pharmaceutically acceptable coating,
wherein the pharmaceutical composition when ingested
by a human subject provides an AUC value of
rasagiline of 80-130% of that of the corresponding
amount of rasagiline ingested as an immediate release

formulation, over the same dosage regimen interval.
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11.
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The pharmaceutical composition of claim 4, which upon
administration to a human subject provides an AUC
value of rasagiline of 80-125% of that of the
corresponding amount of rasagiline ingested as an
immediate released formulation, over the same dosage

regimen interval.

A pharmaceutical composition comprising: a core
comprising rasagiline mesylate and at least one
pharmaceutically acceptable excipient; and an acid
resistant pharmaceutically acceptable coating,
wherein the pharmaceutical composition when ingested
by a human subject provides a Cpax 0f rasagiline 80-
145% of that of the corresponding amount of
rasagiline ingested as an immediate release

formulation, over the same dosage regimen interval.

The pharmaceutical composition of claim 6, which when
ingested by a human subject provides a Cpax of
rasagiline of 80-125% of that of the corresponding
dosage of rasagiline ingested as an immediate release

formulation, over the same dosage regimen interval.

The pharmaceutical composition of any one of claims

1-7, wherein said core is in the form of a tablet.

The pharmaceutical composition of any one of claims
1-8, wherein said core further comprises at least one

disintegrant.

The pharmaceutical composition of any one of claims
1-9, wherein the acid resistant coating comprises
between 5% and 12% by weight of the pharmaceutical

composition.

The pharmaceutical composition of claim 10 wherein

the acid resistant coating comprises 8% by weight of
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20.

21.
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the pharmaceutical composition

The pharmaceutical composition of claim 1, in tablet

form.

The pharmaceutical composition of any one of claims
1-12, wherein said coating comprises methacrylic acid

- ethyl acrylate copolymer (1l:1) and a plasticizer.

The pharmaceutical composition of claim 13, wherein
in the coating the ratio of methacrylic acid - ethyl
acrylate copolymer (1l:1) to plasticizer by weight is
between 10 to 1 and 2 to 1.

The pharmaceutical composition of claim 14, wherein
in the coating the ratio of methacrylic acid -~ ethyl
acrylate copolymer (1l:1) to plasticizer by weight is
5 to 1.

The pharmaceutical composition of any one of claims

13-15, wherein said plasticizer is triethyl citrate.

The pharmaceutical composition of any one of claims
13-15, wherein the coating further comprises talc.

The pharmaceutical composition of any one of claims

13-17 further comprising an inner coating layer.

The pharmaceutical composition of claim 18 wherein

said inner coating layer comprises hypromellose.

The pharmaceutical composition of any one of claims
1-19, having a weight of less than 150 mg.

The pharmaceutical composition of any one of claims

1-20, comprising 1.56 mg of rasagiline mesylate.
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The pharmaceutical composition of any one of claims

1-20, comprising 0.78 mg of rasagiline mesylate.

The pharmaceutical composition of claim 21 or 22,
further comprising mannitol, colloidal silicon
dioxide, starch NF, pregelatinized starch, stearic
acid, talc, hypromellose, methacrylic acid ethyl
acrylate copolymer, talc extra fine, and triethyl

citrate.

The pharmaceutical composition of claim 21,
consisting of 79.84 mg of mannitol, 0.6 mg of
colloidal silicon dioxide, 1.56 mg of rasagiline
mesylate, 10.0 mg of starch NF, 20.0 mg of
pregelatinized starch, 2.0 mg of stearic acid, 2.0 mg
of talc, 4.8 mg of hypromellose, 6.25 mg of
methacrylic acid - ethyl acrylate copolymer, 1.25 mg
of triethyl citrate, and 3.1 mg of talc extra fine.

The pharmaceutical composition of claim 22,
consisting of 80.62 mg of mannitol, 0.6 mg of
colloidal silicon dioxide, 0.78 mg of rasagiline
mesylate, 10.0 mg of starch NF, 20.0 mg of
pregelatinized starch, 2.0 mg of stearic acid, 2.0 mg
of talc, 4.8 mg of hypromellose, 6.25 mg of
methacrylic acid - ethyl acrylate copolymer, 1.25 mg

of triethyl citrate, and 3.1 mg of talc extra fine.

A pharmaceutical composition comprising:
a) a core comprising rasagiline mesylate and at

least one pharmaceutically acceptable excipient;

and
b) a coating, comprising methacrylic acid - ethyl
acrylate copolymer (1:1) and at least one

plasticizer, wherein in the coating the ratio of
methacrylic acid - ethyl acrylate copolymer

(1:1) to plasticizer by weight is between 10 to
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

1 and 2 to 1.

The pharmaceutical composition of claim 26, wherein
in the coating the ratio of methacrylic acid - ethyl

acrylate copolymer (1l:1) to plasticizer is 5 to 1.

The pharmaceutical composition of claim 26 or 27,
wherein the coating comprises between 5% and 12% by

weight of the pharmaceutical composition.

The pharmaceutical composition of claim 28 wherein
the coating comprises 8% by weight of the

pharmaceutical composition.

The pharmaceutical composition of any one of claims
26-29, wherein said plasticizer(s) are water soluble.

The pharmaceutical composition of c¢laim 30, wherein
said plasticizer(s) are a combination of several

water soluble plasticizers.

The pharmaceutical composition of any one of claims
26-29, wherein said plasticizer(s) are a combination
of water soluble plasticizers and water insoluble

plasticizers.

The pharmaceutical composition of any one of claims

26-29, wherein said plasticizer is triethyl citrate.
The pharmaceutical composition of any one of claims
26-33, wherein said coating further comprises

lubricant (s).

The pharmaceutical composition of claim 33, wherein

the lubricant is talc extra fine.

The pharmaceutical composition of any one of claims
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44.
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26-35, wherein said core is in tablet form.

The pharmaceutical composition of any one of claims
26-36, wherein the core further comprises at least

one disintegrant.

The pharmaceutical composition of claim 37, wherein
the core comprises between 0.5% and 20% by weight of

disintegrant.

The pharmaceutical composition of claim 38, wherein

said disintegrant comprises pre-gelatinized starch.

The pharmaceutical composition of any one of claims

26-39, having a weight of less than 150 mg.

The pharmaceutical composition of any one of claims

26-40, comprising 1.56 mg of rasagiline mesylate.

The pharmaceutical composition of any one of claims

26-40, comprising 0.78 mg of rasagiline mesylate.

The pharmaceutical composition of claim 41 or 42,
further comprising mannitol, colloidal silicon
dioxide, starch NF, pregelatinized starch, stearic
acid, talc, hypromellose, methacrylic acid - ethyl
acrylate copolymer, talc extra fine, and triethyl

citrate.

The pharmaceutical composition of claim 41,
consisting of 79.84 mg of mannitol, 0.6 mg of
colloidal silicon dioxide, 1.56 mg of rasagiline
mesylate, 10.0 mg of starch NF, 20.0 mg of
pregelatinized starch, 2.0 mg of stearic acid, 2.0 mg
of talc, 4.8 mg of hypromellose, 6.25 mg of
methacrylic acid - ethyl acrylate copolymer, 1.25 mg
of triethyl citrate, and 3.1 mg of talc extra fine.



WO 2009/089049 PCT/US2009/000134

45,

46.

47.

The pharmaceutical composition of claim 42,
consisting of 80.62 mg of mannitol, 0.6 mg of
colloidal silicon dioxide, 0.78 mg of rasagiline
mesylate, 10.0 mg of starch NF, 20.0 mg of
pregelatinized starch, 2.0 mg of stearic acid, 2.0 mg
of talc, 4.8 mg of hypromellose, 6.25 mg of
methacrylic acid - ethyl acrylate copolymer, 1.25 mg
of triethyl citrate, and 3.1 mg of talc extra fine.

A method of +treating a patient suffering from
Parkinson's disease comprising administering to the
patient a pharmaceutical composition of any one of

claims 1 to 45.

The method of claim 46, wherein said patient suffers

from delayed gastric emptying.
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