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ABSTRACT

The present mvention provides a composition comprising a platelet aggregation

inhibitor, for example, cilostazol, or a salt or derivative thereof, useful in the treatment and
prevention of 1schemic symptoms. The invention provides a composition which comprises
nanoparticulate particles comprising the platelet aggregation inhibitor and at least one

surface stabilizer. The nanoparticulate particles have an effective average particle size of

less than about 2000 nm. The invention provides also a composition that delivers a platelet
aggregation inhibitor, or nanoparticles comprsing the same, in a pulsatile or continuous

manner.
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Nanoparticulate and Controlled Release _
Compositions Comprising a Platelet Aggregation Inhibitor

FIELD OF INVENTION

The present invention relates to compositions and methods for the prevention and

treatment of 1schemic symptoms. In particular, the present invention relates to a

composition comprising a platelet aggregation inhibitor and methods for making and

using such a composition. In an embodiment of the invention, the composition is in
nanoparticulate form and comprises also at least one surface stabilizer. The present
invention relates also to novel dosage forms for the controlled delivery of a platelet
aggregation inhibitor. Platelet aggregation inhibitors for use in the present mvention

include cilostazol, and salts and denivatives thereof.
BACKGROUND OF INVENTION

Intermittent claudication is pain in the legs that occurs with walking and
disappears with rest. It occurs because narrowing or blockage of the arteries decreases
blood tlow to the legs resulting in insufficient levels of oxygen in leg muscles during

exercise.

Platelet aggregation inhibitors reduce the pain of ischemic symptoms by dilating
the artenies, thereby improving the flow of blood and oxygen. Specifically, in the case of

intermittent claudication, platelet aggregation inhibitors improve the flow of blood and

oxygen to the legs and enable patients to walk longer and faster before developing pain.

Cilostazol is an anti-platelet agent, a vasodilator, and a platelet aggregation
inhibitor that has been shown to be effective for use in the prevention and treatment of

1schemic symptons such as intermittent claudication. Although its mechanism of action is
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not entirely clear, cilostazol inhibits phosphodiesterase 11l and suppresses cAMP
degradation. These events result in increased levels of cAMP in platelets and blood
vessels, leading to inhibition of platelet aggregation and vasodilation, respectively. In
addition to 1ts reported vasodilator and anti-platelet effects, cilostazol reduces the ability
of blood to clot and has been proposed to have beneficial effects on plasma lipoproteins.
By inhibiting the blood platelets from coagulating or aggregating, blood flow is enhanced

and increased.

Cilostazol has been described 1n, for examplé, U.S. Pat. No. 4,277,479 for
“Tetrazolylalkoxycarbostyril Derivatives and Pharmaceutical Compositions Containing
Them”, 0,187,790 for “Use of Cilostazol for Treatment of Sexual Dysfunction”,
6,515,128 for “Processes for Preparing Cilostazol”, 6,531,603, 6,573,382, 6,531,603,

- 6,657,061, and 6,660,864 all for “Polymorphic Forms of 6-[4-1(1—Cyc]0heXyl-1H-

tetrazol-5-yl)Butoxy]-3,4-Dihydro-2(1H)-Quinolinone”, 6,525,201, 6,660,773, and

'6,740,758 all for “Processes for Preparing 6-Hydroxy-3,4-Dihydroquinolinone, Cilostazol

and N-(4-Methoxyphenyl)-3Chloropropionamide”, and 6,825,214 for “Substantially Pure

Cilostazol and Processes for Making Same”.

The empirical formula of cilostazol is C;0H27NsO5 , and its molecular weight is
369.46. The chemical name of cilostazol is 6-[4-(1-cyclohexyl-1 H -tetrazol-5-yl)butoxy]-
3,4-dihydro-2(1 H )-quinolinone, and it has the following chemical structure:

Cilostazol occurs as white to off-white crystals or as a crystalline powder that is

- freely soluble in chloroform, soluble in dimethylformamide, benzyl alcohol, and a
mixture of chloroform and methanol (1:1), slightly soluble in methanol and ethanol, and

1s practically insoluble in water and absolute ether.

-0
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Cilostazol may be administered as part of a dosage form offered under the
registered trademark name PLETAL?® in the United States by Otsuka Pharmaceutical Co.,
Ltd. of Japan. PLETAL® tablets are available in 50 mg triangular and 100 mg round,
white debossed tablets. The usual adult dosage of PLETAL® tablets is 100 mg twice
daily, by the oral route. High fat meals increase the absorption of PLETALP®, and thus
PLETAL® should be taken after a meal. PLETAL® is indicated for the reduction of

symptoms of intermittent claudication, as indicated by an increased walking distance.

Platelet aggregation inhibitors, such as cilostazol and the salts and denivatives

thereof, have high therapeutic value for the treatment of patients suffering from 1schemic

symptoms. However, given the need to take such inhibitors two times a day and the

further need to take such inhibitors after meals, strict patient compliance 1s a cnitical

factor in the efficacy of such inhibitors in the treatment of 1schemic symptoms.

Moreover, such frequent administration often requires the attention of health care workers
and contributes to the high cost associated with treatments involving platelet aggregation
inhibitors. Thus, there is a need 1n the art for platelet aggregation inhibitor compositions

which overcome the administration, compliance and other problems associated with their

use 1n the treatment of 1schemic symptoms.

The present invention fulfills such a need by providing a nanoparticulate
composition comprising a platelet aggregation inhibitor, for example, cilostazol, or a salt
or derivative thereof, and at least one surface stabilizer, which overcomes the poor
broavailability of platelet aggregation inhibitors and eliminates the requirement to take
the platelet aggregation inhibitor with food. The present invention provides also a
controlled release composition comprising a platelet aggregation inhibitor, for example,

cilostazol, or a salt or denivative thereof, which eliminates the need to take the platelet

aggregation inhibitor two times a day.
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SUMMARYOF THE INVENTION

The present mvention relates to a nanoparticulate composition comprising: (A) a

platelet aggregation inhibitor; and (B) at least one surface stabilizer. The composition

may optionally comprise also a pharmaceutically acceptable carrier and any desired

excipients. The surface stabilizer can be adsorbed on or associated with the surface of the
nanoparticulate particles. The nanoparticulate particles have an effective average particle
size of less than about 2,000 nm. A preferred dosage form of the invention is a solid

dosage form, although any pharmaceutically acceptable dosage form can be utilized.

One embodiment of the invention encompasses a nanoparticulate composition
comprising a platelet aggregation inhibitor wherein the pharmacokinetic profile of the
platelet aggregation inhibitor, following administration of the composition to a subject, is

not affected by the fed or fasted state of the subject.

In yet another embodiment, the invention encompasses a nanoparticulate
composition comprising a platelet aggregation inhibitor wherein administration of the
composition to a subject in a fasted state is bioequivalent to administration of the

composition to a subject 1n a fed state.

Another embodiment of the invention is directed to a nanoparticulate composition
comprsing a platelet aggregation inhibitor and comprising also one or more additional

compounds useful 1n the prevention and treatment of ischemic symptoms.

This invention further provides a method of making the inventive nanoparticulate
composition. Such a method comprises contacting nanoparticulate particles comprising a

platelet aggregation inhibitor with at least one surface stabilizer for a period of time and

under conditions sufficient to provide a stabilized nanoparticulate composition

comprising a platelet aggregation inhibitor.

The present invention 1s also directed to methods of treatment including but not

limited to, the prevention and treatment of ischemic symptoms using the novel

-4 -
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nanoparticulate compositions disclosed herein. Such methods comprise administering to
a subject a therapeutically effective amount of such a composition. Other methods of

treatment using the nanoparticulate compositions of the invention are known to those of

skill in the art.

The present invention further relates to a controlled release composition
comprising a platelet aggregation inhibitor which in operation produces a plasma profile
substantially similar to the plasma profile produced by the administration of two or more
IR dosage forms of a platelet aggregation inhibitor given SCQuentially. The platelet

aggregation inhibitor may be contained in nanoparticulate particles which comprise also

at least one surface stabilizer.

Conventional frequent dosage regimes in which an immediate release (IR) dosage

form 1s administered at periodic intervals typically gives rise to a pulsatile plasma proﬁle.

In this case, a peak in the plasma platelet aggregation inhibitor concentration is observed
after administration of each IR dose with troughs (regions of low platelet aggregation
inhibitor concentration) developing between consecutive administration time points.

Such dosage regimes (and their resultant pulsatile plasma profiles) have particular
pharmacological and therapeutic effects associated with them. For example, the wash out
perniod provided by the fall off of the plasma concentration of the active between peaks
has been thought to be a contributing factor in reducing or preventing patient tolerancé to

various types of platelet aggregation inhibitors.

The present invention further relates to a controlled release composition
comprising a platelet aggregation inhibitor which in operation produces a plasma profile

that eliminates the “peaks” and “troughs” produced by the administration of two or more

IR dosage forms given sequentially if such a profile 1s beneficial. This type of profile can

be obtained using a controlled release mechanism that allows for continuous delivery.
The platelet aggregation inhibitor may be contained in nanoparticulate particles which

compnse also at least one surface stabilizer.
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Multiparticulate modified controlled release compositions similar to those

disclosed herein are disclosed and claimed in the United States Patent Nos. 6,228,398 and
6,730,325 to Devane et al; both of which are incorporated by reference herein. All of the

relevant prior art in this field may also be found therein.

It is a further object of the invention to provide a controlled release composition
which 1n operation delivers a platelet aggregation inhibitor or nanoparticles containing the

same, in a pulsatile manner or a continuous manner.

Another object of the invention 1s to provide a controlled release composition
which substantially mimics the pharmacological and therapeutic effects produced by the

administration of two or more IR dosage forms given sequentially.

Another object of the invention 1s to provide a controlled release composition
which substantially reduces or eliminates the development of patient tolerance to a

platelet aggregation mhibitor.

Another object of the invention is to provide a controlled release composition
which releases an active ingredient therein in a bimodal manner. This may be
accomplished, for example, in a composition in which a first portion of the active
ingredient of the composition is released immediately upon administration and a second

portion of the active ingredient 1s released rapidly after an imitial delay period.

Another object of the invention 1s to formulate the dosage forms of a platelet

aggregation inhibitor as an erodable formulation, a diffusion controlled formulation, or an

osmotic controlled formulation.

Another object of the invention 1s to provide a controlled release composition
capable of releasing a platelet aggregation mhibitor or nanoparticles containing the same,
in a bimodal or multi-modal manner in which a first portion of the platelet aggregation

inhibitor, or nanoparticles containing the same, is released either immediately or after a

_6 -
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delay time to provide a pulse of platelet aggregation inhibitor release and one or more

additional portions of the platelet aggregation inhibitor, or nanoparticles containing the

same, 1s released, after a respective lag time, to provide additional pulses of the platelet

aggregation inhibitor release during a period of up to twenty-four hours.

Another object of the invention is to provide solid oral dosage forms comprising a

‘controlled release composition comprising a platelet aggregation inhibitor. The platelet

aggregation inhibitor may be contained in nanoparticulate particles which comprise also

at least one surface stabilizer.

Other objects of the invention include provision of a once daily dosage form of a

platelet aggregation inhibitor which, in operation, produces a plasma profile substantially

similar to the plasma profile produced by the administration of two immediate release

dosage forms thereof given sequentially and a method for prevention and treatment of
1schemic symptoms based on the administration of such a dosage form. The platelet

aggregation inhibitor may be contained in nanoparticulate particles which comprise also

at least one surface stabilizer.

The above objects are realized by a controlled release composition having a first

component comprising a first pdpulation of a platelet aggregation inhibitor or
nanoparticules containing the same, and a second component or formulation comprising a
second population of a platelet aggregation inhibitor or nanoparticulates containing the
same. The ingredient-containing particles of the second component further comprises a
modified release constituent comprising a release coating or release matrix material, or
both. Following oral delivery, the composition in operation delivers the platelet

aggregation inhibitor or nanoparticulates containing the same, in a pulsatile or continuous

manncr.

The present invention utilizes controlled release delivery of a platelet aggregation

inhibitor or nanoparticulates containing the same, from a solid oral dosage formulation, to

allow dosage less frequently than before, and preferably once-a-day administration,

_7-
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increasing patient convenience and compliance. The mechanism of controlled release
would preferably utilize, but not be limited to, erodable formulations, diffusion controlled
formulations and osmotic controlled formulations. A portion of the total dose may be
released immediately to allow for rapid onset of etfect. The invention 1s useful 1n
improving patient compliance and, therefore, therapeutic outcome for all treatments
requiring a platelet aggregation inhibitor including but not limited to, the prevention and

treatment of 1schemic symptoms. This approach can replace conventional platelet

aggregation inhibitor tablets and solutions, which are administered two times a day as

adjunctive therapy in the prevention and treatment of 1schemic symptoms.

The present invention also relates to a controlled modified release composition for

the controlled release of a platelet aggregation mhibitor or nanoparticles containing the

ame. In particular, the present invention relates to a controlled release composition that in
operation delivers a platelet aggregation inhibitor or nanoparticles containing the same, in

a pulsatile or continuous manner, preferably during a period of up to twenty-four hours.

The present invention further relates to solid oral dosage forms containing a

controlled release composition.

Preferred controlled felease formulations are erodable formulations, diffusion
controlled formulations and osmotic controlled formulations. According to the invention,
a portion of the total dose may be released immediately to allow for rapid onset of effect,
with the remaining portion of the total dose released over an extended time period. The
invention 1s usefui in improving compliance and, therefore, therapeutic outcome for all
treatments requiring a platelet aggregation inhibitor including but not limited to,

prevention and treatment of 1schemic symptoms.

The mvention relates further to nanoparticulate compositions of the type described
above and controlled release compositions of the type descnibed above in which the

platelet aggregation ihibitor 1s cilostazol, or a salt or denivative thereof.
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 The present invention relates also to multiparticulate compositions of the type

described above 1 which the nanoparticulate particies themselves form the particles of

the multoparticulate.

Both the foregoing general description and the following detailed description are
exemplary and explanatory and are intended to provide further explanation of the
invention as claimed. Other objects, advantages, and novel features will be readily

apparent to those skilled in the art from the following detailed description of the

invention.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s descnibed herein using several definitions, as set forth

below and throughout the application.

As used herein, “about” will be understood by persons of ordinary skill in the art
and will vary to some extent on the context in which it i1s used. If there are uses of the
term which are not clear to persons of ordinary skill in the art given the context in which

it is used, “about” will mean up to plus or minus 10% of the particular term.

As used herein, the phrase “therapeutically effective amount” shall mean the
platelet aggregation inhibitor dosage that provides ‘the specific pharmacological response
tor which the platelet aggregation inhibitor is administered in a significant number of
subjects in need of the relevant treatment. It is emphasized that a therapeutically effective
amount of a platelet aggregation inhibitor that is administered to a particular subject in a
particulaf instance will not always be effective in treating the conditions/diseases

described herein, even though such dosage is deemed to be a therapeutically effective

amount by those of skill in the art.

The term “particulate” as used herein refers to a state of matter which is

charactenized by the presence of discrete particles, pellets, beads or granules irrespective

of their size, shape or morphology.

The term “multiparticulate” as used herein means a plurality of discrete, or
aggregated, particles, pellets, beads, granules or mixture thereof irrespective of their size,

shape or morphology. A composition comprising a multiparticulate is described herein as

a “multiparticulate composition”.

The term “nanoparticulate” refers to a multiparticulate in which the “effective

average particle size” (see below) of the particles therein is less than about 2000 nm (2

microns) in diameter. A composition comprising a nanoparticulate is described herein as

a “nanoparticulate composition”.
- 10 -
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The phrase “effective average particle size” as used herein to describe a
multiparticulate (e.g., a nanoparticulate) means that at least 50% of the particles therein
are of a specified size. Accordingly, “effective average particle size of less than about

2000 nm 1n diameter” means that at least 50% of the particles therein are less than about

2000 nm in diameter.

“D50” refers to the particle size below which 50% of the particles in a
multiparticulate fall. Similarly, “D90” is the particle size below which 90% of the

particles 1n a multiparticulate fall.

The term "modified release” as used herein includes a release which is not

mmmediate and includes controlled release, extended release, sustained release and

delayed release.

The term "time delay" as used herein refers to the period of time between the
administration of a dosage form comprising the composition of the invention and the

release of the active ingredient from a particular component thereof.

The term "lag time" as used herein refers to the time between the release of the
active ingredient from one component of the composition and the release of the active

ingredient from another component of the composition.

The term “erodable” as used herein refers to formulations which may be womn

away, diminished, or deteriorated by the action of substances within the body.

The term “diffusion controlled” as used herein refers to formulations which may

spread as the result of their spontaneous movement, for example, from a region of higher

to one of lower concentration.

- 11 -
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The term “osmotic controlled” as used herein refers to formulations which may

spread as the result of their movement through a semi-permeable membrane into a

solution of higher concentration that tends to equalize the concentrations of the

formulation on the two sides of the membrane.

L. Nahoparticulate Compositions Comprising a Platelet Aggregation Inhibitor

The present invention provides a nanoparticulate composition comprnising particles
which comprise: (A) a platelet aggregation inhibitor; and (B) at least one surface
stabilizer. Examples of platelet aggregation inhibitofs for use in the present invention
include cilostazol, and salts and derivatives thereof. Nahoparticualte compositions were
first described in U.S. Patent No. 5,145,684. Nanoparticulate active agent compositions
are described also in, for example, U.S. Patent Nos. 5,298.262; 5,302,401; 5,318,767; |
5,326,552; 5,328,404; 5,336,507; 5,340,564; 5,346,702; 5,349,957: 5,352,459; 5,399,363;
5,494,683; 5,401,492; 5,429,824; 5,447,710; 5,451,393; 5,466,440; 5,470,583; 5,472.683:

5,500,204; 5,518,738; 5,521,218; 5,525,328; 5,543,133; 5,552,160: 5,565,188; 5,569,448;

5,571,536; 5,573,749; 5,573,750; 5,573,783; 5,580,579; 5,585,108; 5,587,143; 5.591.456:
5,593,657, 5,622,938; 5,628,981; 5,643,552; 5,718,388; 5,718,919; 5,747,001; 5,834,025
6,045,829; 6,068,858; 6,153,225; 6,165,506; 6,221,400; 6,264,922; 6,267,989: 6 270.806:
6,316,029; 6,375,986, 6,428,814; 6,431,478; 6,432,381; 6,582,285; 6,592,903; 6,656,504:
0,742,734; 6,745,962; 6,811,767; 6,908,626; 60,969,529; 6,976,647; and 6,991,191; and
U.S. Patent Publication Nos. 20020012675; 20050276974; 20050238725; 20050233001
20050147664; 20050063913; 20050042177; 20050031691; 20050019412; 20050004049;
20040258758; 20040258757; 20040229038; 20040208833; 20040195413; 20040156895:
20040156872, 20040141925; 20040115134; 20040105889; 20040105778; 20040101566
20040057905; 20040033267; 20040033202; 20040018242; 20040015134; 20030232796:
20030215502; 20030185869; 20030181411; 20030137067; 20030108616; 20030095928:

20030087308; 20030023203; 20020179758; and 20010053664. None of the above
documents describe nanoparticulate compositions comprising a platelet aggregation

inhibitor Amorphous small particle compositions are described, for example, in U.S.

Patent Nos. 4,783,484; 4,826,689; 4,997,454; 5,741,522; 5,776,496,

- 12 -
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As stated above, the effective average particle size of the particles in the
nanoparticulate composition of the present invention is less than about 2000 nm (i.e, 2
microns) in diameter. In embodiments of the present invention, the effective average
particle size may be, for example, less than about 1900 nm, less than about 1800 nm, less
than about 1700 nm, less than about 1600 nm, less than about 1500 nm, less than about
1400 hm, less than about 1300 nm, less than about 1200 nm, less than about 1100 nm,
less than about 1000 nm, less“than about 900 nm, less than about 800 nm, less than about
700 nm, less than about 600 nm, less than about 500 nm, less than about 400 nm, less
than about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150
nm, less than about 100 nm, less than about 75 nm, or less than about 50 nm in diameter,

as measured by light-scattering methods, microscopy, or other appropnate methods.

~The nanoparticulate particles may exist in a crystalline phase, an amorphous

phase, a semi-crystalline phase, a semi amorphous phase, or a mixture thereof.

In addition to allowing for a smaller solid dosage form size, the nanoparticulate
composition of the present invention exhibits increased bioavailability, and requires
smaller doses of the platelet aggregation inhibitor as compared to prior conventional, non-
nanoparticulate compositions which comprise a platelet aggregation inhibitor. In one
embodiment of the invention, the platelet aggregation inhibitor, when administered in the

nanoparticulate composition of the present invention, has a bioavailability that is about

- 50% greater than the platelet aggregation inhibitor when administered in a conventional

dosage form. In other embodiments, the platelet aggregation inhibitor, when
adminustered in the nanoparticulate composition of the present invention, has a

bioavailability that is about 40% greater, about 30% greater, about 20% or about 10%

greater than the platelet aggregation inhibitor when administered in a conventional dosage

form.

The nanoparticulate composition preferably also has a desirable pharmacokinetic
profile as measured following the initial dosage thereof to a mammalian subject. The

desirable pharmacokinetic profile of the composition includes, but is not limited to: (1)a

- 13-
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Chax for the platelet aggregation mhibitor, when assayed in the plasma of a mammalian
subject following administration, that 1s preferably greater than the C, for the same
platelet aggregation mhibitor delivered at the same dosage by a non-nanoparticulate
composition; and/or (2) an AUC for the platelet aggregation inhibitor, when assayed in
the plasma of a mammalian subject following administration, that is preferably greater
than the AUC for the same platelet aggregation inhibitor delivered at the same dosage by
a non-nanoparticulate composition; and/or (3) a Tiax for the platelet aggregation inhibitor,
when assayed 1n the plasma of a mammalian subject following administration, that is
preferably less than the Ty, for the same platelet aggregation inhibitor delivered at the

same dosage by a non-nanoparticulate composition.

In an embodiment of the present invention, a nanoparticulate composition of the

present invention exhibits, for example, a Ty, for a platelet aggregation inhibitor
contained therein which 1s not greater than about 90% of the Tmax for the same platelet
aggregation inhibitor delivered at the same dosage by a non-nanoparticulate composition.
In other embodiments of the present invention, the nanoparticulate.composition of the
present invention may exhibit, for example, a Ty, for a platelet aggregation inhibitor

contained therein which is not greater than about 80%, not greater than about 70%, not
greater than about 60%, not greater than about 50%, not greater than about 30%, not
greater than about 25%, not greater than about 20%, not greater than about 15%, not
greater than about 10%, or not greater than about 5% of the Ty, for the same platelet

aggregation mhibitor delivered at the same dosage by a non-nanoparticulate composition.

In an embodiment of the present invention, a nanoparticulate composition of the
present invention exhibits, for example, a C,,,« for a platelet aggregation inhibitor
contained therein which 1s at least about 50% of the C,,., for the same platelet aggregation
ihibitor delivered at the same dosage by a non-nanoparticulate composition. In other
embodiments of the present invention, the nanoparticulate composition of the present
invention may exhibit, for example, a Cy,, for a platelet aggregation inhibitor contained
therein Which 1s at least about 100%, at least about 200%, at least about 300%, at least
about 400%, at least about 500%, at least about 600%, at least about 700%, at least about

- 14 -
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800%, at least about 900%, at least about 1000%, at least about 1100%, at least about
1200%, at least about 1300%, at least about 1400%, at least about 1500%, at least about
1600%, at least about 1700%, at least about 1800%, or at least about 1900% greater than

the C,,.x for the same platelet aggregation inhibitor delivered at the same dosage by a non-

nanoparticulate composition.

In an embodiment of the present invention, a nanoparticulate composition of the
present invention exhibits, for example, an AUC for a platelet aggregation inhibitor
contained therein which is at least about 25% greater than the AUC for the same platelet
aggregation inhibitor delivered at the same dosage by a non-nanoparticulate composition.
In other embodiments of the present inv.ention; the nanoparticulate composition of the
present invention may exhibit, for example, an AUC for a platelet aggregation inhibitor
contained therein which 1s at least about 50%, at least about 75%, at least about 100%, at
least about 1.25%, at least about 150%, at least about 175%, at least about'ZO'O%, at least
about 225%, at least about 250%, at least about 275%, at least about 300%, at least about
350%, at least about 400%, at least about 450%, at least about 500%, at least about 550%,
at least about 600%, at least about 750%, at least about 700%, at least about 750%, at
least about 800%, at least about 850%, at least about 900%, at least about 950%, at least

~ about 1000%, at least about 1050%, at least about 1100%, a.t least about 1150%, or at

least about 1200% greater than the AUC for the same platelet aggregation mhibitor

delivered at the same dosage by a non-nanoparticulate composition.

The invention encompasses a nanoparticulate composition whereirj the
pharmacokinetic profile of the platelet aggregation inhibitor following administration is
not substantially attected by the fed or fasted state of a subject ingesting the composition.
This means that there is no substantial difference in the quantity of platelet aggregation
mhibitor absorbed or the rate of platelet aggregation inhibitor absorption when the
nanoparticulate composition 1s administered in the fed versus the fasted state. In
conventional cilostazol formulations, i.e., PLETAL®, the absorption of cilostazol 1s

increased when administered with food. This difference in absorption observed with
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conventional cilostazol formulations i1s undesirable. The composition of the invention

overcomes this problem.

Benefits of a dosage form which substantially eliminates the effect of food include

an increase 1n subject convenience, thereby increasing subject compliance, as the subject
does not need to ensure that they are taking a dose either with or without food. This is
significant, as with poor subject compliance an increase in the medical condition for
which the platelet aggregation inhibitor is being prescribed may be observed, i.e.,

1schemic symptoms for poor subject compliance with platelet aggregation inhibitor.

The mnvention encompasses also a nanoparticulate composition comprising the
platelet aggregation inhibitor in which administration of the composition to a subject in a

fasted state 1s bioequivalent to administration of the composition to a subject in a fed

state.

The difference 1n absorption of the composition of the invention, when
administered 1n the fed versus the fasted state, preferably is less than about 60%, less than
about 55%, less than about 50%, less than about 45%, less than about 40%, less than
about 35%, less than about 30%, less than about 25 %, less than about 20%, less than

about 15%, less than about 10%, less than about 5%, or less than about 3%.

In one embodiment of the invention, the invention encompasses a composition
comprising the platelet aggregation inhibitor wherein the administration of the
composition to a subject in a fasted state is bioequivalent to administration of the
composition to a subject in a fed state, in particular as defined by C,,.x and AUC
guidelines given by the U.S. Food and Platelet aggregation inhibitor Administration and
the corresponding European regulatory agency (EMEA). Under U.S. FDA guidelines,
two products or methods are bioequivalent if the 90% Confidence Intervals (CI) for AUC

and Cpax are between 0.80 to 1.25 (Tr,.x measurements are not relevant to bioequivalence

tor regulatory purposes). To show bioequivalency between two compounds or
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admimstration conditions pursuant to Europe’s EMEA guidelines, the 90% CI for AUC
must be between 0.80 to 1.25 and the 90% CI for C,,,,, must between 0.70 to 1.43.

The nanoparticulate composition of the invention is proposed to have an
unexpectedly dramatic dissolution profile. Rapid dissolution of an administered platelet
aggregation mhibitor 1s preferable, as faster dissolution generally leads to faster onset of
action and greater bioavailability. To improve the dissolution profile and bioavailability
of the platelet aggregation inhibitor, 1t would be useful to increase the platelet aggregation

inhibitor’s dissolution so that it could attain a level close to 100%.

The compositions of the invention preferably have a dissolution profile in which
within about 5 minutes at least about 20% of the composition is dissolved. In other
embodiments of the invention, at least about 30% or at least about 40% of the
composition is dissolved within about 5 minutes. In yet other embodiments of the
invention, preferably at least about 40%, at least about 50%, at least about 60%, at least

about 70%, or at least about 80% of the composition is dissolved within about 10

munutes. Finally, in another embodiment of the invention, preferably at least about 70%,

at least about 80%, at least about 90%, or at least about 100% of the composition is

dissolved within about 20 minutes.

Dissolution is preferably measured in a medium which is discriminating. Such a
dissolution medium will produce two very different dissolution curves for two products
having very different dissolution profiles in gastric juices; i.e., the dissolution medium is
predictive of in vivo dissolution of a composition. An exemplary dissolution médium 1S
an aqueous medium containing the surfactant sodium lauryl sulfate at 0.025 M.

Determination of the amount dissolved can be carried out by spectrophotometry. The

rotating blade method (European Pharmacopoeia) can be used to measure dissolution.

An additional feature of the nanoparticulate composition of the invention is that
particles thereof redisperse so that the particles have an effective average particle size of

less than about 2000 nm in diameter. This is significant because, if the particles did not
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redisperse so that they have an effective average particle size of less than about 2000 nm
in diameter, the composition may lose the benefits afforded by formulating the platelet
aggregation mhibitor therein 1into a nanoparticulate form. This 1s because nanoparticulate
compositions benefit from the small size of the particles compnising the platelet '
aggregation 1nhibitor. If the particles do not redisperse into small particle sizes upon
administration, then “clumps” or agglomerated particles are formed, owing to the
extremely high surface free energy of the nanoparticulate system and the thermodynamic
driving force to achieve an overall reduction in free energy. With the formation of such
agglomerated particles, the bioavailability of the dosage form may fall well below that

observed with the liquid dispersion form of the nanoparticulate composition.

In other embodiments of the invention, the redispersed particles of the invention
(redispersed 1n water, a brorelevant media, or any other suitable hquid media) have an
effective average particle size of less than about less than about 1900 nm, less than about
1800 nm, less than about 1700 nm, less than about 1600 nm, less than about 1500 nm,

less than about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than

about 1100 nm, less than about 1000 nm, less than about 900 nm, less than about 800 nm,

less than about 700 nm, less than about 600 nm, less than about 500 nm, less than about
400 nm, less than about 300 nm, less than about 250 nm, less than about 200 nm, less

than about 150 nm, less than about 100 nm, less than about 75 nm, or less than about 50

nm 1n diameter, as measured by hght-scattering methods, microscopy, or other

“appropriate methods. Such methods suitable for measuring effective average particle

s1ze are known to a person of ordinary skill in the art.

Redispersibility can be tested using any suitable means known in the art. See e.g.,

the example sections of U.S. Patent No. 6,375,986 for “Solid Dose Nanoparticulate
Compositions Comprising a Synergistic Combination of a Polymeric Surface Stabilizer

and Dioctyl Sodium Sulfosuccinate.”

The nanoparticulate composition of the present invention exhibits dramatic

redispersion of the particles upon administration to a mammal, such as a human or
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animal, as demonstrated by reconstitution/redispersion in a biorelevant aqueous media,
such that the effective average particle size of the redispersed particles 1s less than about
2000 nm. Such biorelevant aqueous media can be any aqueous media that exhibits the
desired 1onic strength and pH, which form the basis for the biorelevance of the media.
The desired pH and 1onic strength are those that are representative of physiological
conditions found in the human body. Such biorelevant aqueous media can be, for
example, aqueous electrolyte solutions or aqueous solutions of any salt, acid, or base, or a

combination thereof, which exhibit the desired pH and i1onic strength.

Biorelevant pH 1s well known in the art. For example, in the stomach, the pH
ranges from slightly less than 2 (but typically greater than 1) up to 4 or 5. In the small
intestine the pH can range from 4 to 6, and in the colon 1t can range from 6 to 8.
Biorelevant 1onic strength 1s also well known 1n the art. Fasted state gastric fluid has an
ionic strength of about 0.1M while fasted state intestinal fluid has an ionic strength of
about 0.14. See.e.g., Lindahl et al., “Characterization of Fluids from the Stomach and
Proximal Jejunum in Men and Women,” Pharm. Res., 14 (4): 497-502 (1997). Itis
believed that the pH and 1onic strength of the test solution 1s more critical than the

specific chemical content. Accordingly, appropnate pH and 10onic strength values can be

- obtained through numerous combinations of strong acids, strong bases, sa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>