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Pharmaceutical Compaositions

The invention relates to pharmaceutical formulations comprising aripiprazole.
More particularly, the invention relates to orally deliverable pharmaceutical

compositions for the controlled release of aripiprazole.

Aripiprazole is 7-[4-[4-(2,3-dichlorophenyl)piperazin-1-yljbutoxy}]-3 4~-dihydro-
1H-quinolin-2-one and has the following structure:

ci Cl
N N’
1 M
O N -
“
1408

Aripiprazole appears to mediate its antipsychotic eftects primarily by partial

agonism at the D2 receptor. Partial agonism at D2 receptors has been shown to
modulate dopaminergic activity in areas where dopamine activity may be high or
low, such as the mesolimbic and mesocortical areas of the schizophrenic brain,
respectively. In addition to partial agonist activity at the D2 receptor, aripiprazole
is also a partial agonist at the 5-HT1A receptor, and like the other atypical
antipsychotics, aripiprazole displays an antagonist profile at the S-H12A receptor.
Aripiprazole has moderate affinity for histamine and alpha adrenergic receptors,
and no appreciable affinity for cholinergic muscarinic receptors. Aripiprazole 1s

currently used for the treatment of schizoprenia and acute manic / mixed episodes

associated with Bipolar I Disorder.

Clinical activity is thought to be primarily due to the parent drug, aripiprazole, and
to a lesser extent, to its major metabolite, dehydro-aripiprazole, which has been
shown to have affinities for D2 receptors similar to the parent drug and represents
40% of the parent drug exposure in plasma (see ABILIFY® (aripiprazole)
prescribing information,Otsuka Pharmaceutical Co., Ltd, Tokyo, 101-8535, June

2006). The mean elimination half-lives are about 75 hours and 94 hours for

1
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aripiprazole and dehydro-aripiprazole, respectively. Steady-state concentrations

are attained within 14 days of initial dosing for both active moieties. Aripiprazole
accumulation is predictable from single-dose pharmacokinetics. At steady state,
the pharmacokinetics of aripiprazole are dose-proportional. Elimination of
aripiprazole is mainly through hepatic metabolism involving two Cytochrome
P450 isozymes, CYP2D6 and CYP3A4 (Kubo M et al Influence of itraconazole
co-administration and CYP2D6 genotype on the pharmacoldneticsh of the new
antipsychotic ARIPIPRAZOLE. Drug Metab Pharmacokinet. 2005 Feb;20(1):55-

64).

Aripiprazole is well absorbed after administration of the immediate release (IR)
tablet, with peak plasma concentrations occurring within 3 to 5 hours after dosing;
the absolute oral bioavailability of the IR tablet formulation is 87%. :
Administration of a 15-mg aripiprazole IR tablet with a standard high-fat meal
does not significantly affect the Cmax or AUC of aripiprazole or its active
metabolite, dehyéro-aﬂpiprazole, but delays Tmax by 3 hours for aripiprazole and
12 hours for dehydro-aripiprazcle. Aripiprazole is also well absorbed when
administered orally as the solution. At equivalent doses, the plasma

concentrations of aripiprazole from the solution were higher than that from an IR

tablet formulation.

' In a relative bioavailability study comparing the pharmacokinetics of 30 mg

aripiprazole as an oral solution to 30 mg aripiprazole IR tablets in healthy

subjects, the solution to tablet ratios of geometric mean Cmax and AUC values
were 122% and 114%, respectively. The steady-state volume of distribution of
aripiprazole following intravenous administration 1s high (404 L or 4.9 L/kg),
indicating extensive extravascular distribution. At therapeutic concentrations,

aripiprazole and its major metabolite are greater than 99% bound to serum

proteins, primarily to albumin. In healthy human volunteers administered 0.5 to

30 mg/day aripiprazole for 14 days, there was dose-dependent D2 receptor

occupancy indicating brain penetration of aripiprazole in humans (Swainston

Harrison T and Perry CM. Aripiprazole: a review of its use in schizophrenia and

schizoaffective disorder. Drugs. 2004; 64(15):1715-36).
2
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Aripiprazole is metabolized primarily by three biotransformation pathways:
dehydrogenation, hydroxylation, and N-dealkylation. Based on in vitro studies,
s  CYP3A4 and CYP2D6 enzymes are responsible for dehydrogenation and
hydroxylation of aripiprazole, and N-dealkylation is catalyzed by CYP3AA4.
Aripiprazole is the predominant drug moiety in the systemic circulation. At steady

state, dehydro-aripiprazole, the active metabolite, represents about 40% of

aripiprazole AUC in plasma.

10
Approximately 8% of Caucasians lack the capacity to metabolize CYP2D6

substrates and are classified as poor metabolizers (PM), whereas the rest are
extensive metabolizers (EM). PMs have about an 80% increase in aripiprazole.
exposure and about a 30% decrease 1n exposure to the active metabolite compared
15  to EMS, resulting in about a 60% higher exposure to the total active moieties from
a given dose of aripiprazole comp ared to Ems. The mean elimination half-lives
are about 75 hours and 146 hours for aripiprazole in EMs and PMs, respectively.

Aripiprazole does not inhibit or induce the CYP2D6 pathway.

20  Following a single oral dose of [}*C]-labeled aripiprazole, approximately 25% and
559 of the administered radioactivity was recovered in the urine and feces,
respectively. Less than 1 % of unchanged aripiprazole was excreted in the urine

and approximately 18% of the oral dose was recovered unchanged in the feces.

25  The recommended starting and ‘.target dose for aripiprazole in schizoprenia is 10 or
15 mg/day administered on a once-a-dé.y schedule without regard to meals. If an
increased dosage is required it 1S recommended that this should not be made
before 2 weeks; the time needed to achieve steady state. In bipolar disease, the
starting dose is 30 mg given once a day. However, in a phase 11l clinical trials,

30 approximately. 15% of patients had their dose decreased to 15 mg based on

assessment of tolerability (Drugs at FDA; Abilify (NDA# 021436 Tablet Oral)).

—
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The listing or discussion of a prior-published document in this specification

should not necessarily be taken as an acknowledgement that that document 1s part

of the state of the art or is common general knowledge.

There are a number of disadvantages associated with the dosage regimen for
aripiprazole described above for treating schizophrenia, bipolar disease and other
CNS conditions. Market research suggests that patients much prefer oral
medications that can be taken as infrequently as possible and that are well
tolerated. The once daily oral administration dosage regime may be considered
too frequent for many patients. In addition, a significant subset of the target
population for aripiprazole is likely to be patients that are both elderly and

forgetful. Such patients often require time consuming and expensive supervised

administration.

The subject invention seeks to address one or more of the above-mentioned
deficiencies by the provision of an orally deliverable pharmaceutical composition
for the controlled release of aripiprazole. The composition comprises a
therapeutically effective amount of aripiprazole and at least one pharmaceutically
acceptable excipient. These compositions (hereinafter denoted “the compositions
of the invention” unless otherwise stated) may be used for the treatment of

schizophrenia, bipolar disease and a number of other medical indications as

described later in this specification.

The compositions of the invention are believed to have advantages such as (but

not limited to) one or more of the following advantages.

Typically, the compositions of the invention control (e.g. delay, prolong .or

sustain) the release of an aripiprazole dose so that after administration, the adverse

event profile is reduced, or at least not significantly increased, compared to the

current dosage regimen.

Put another way, the compositions of the invention allow greater quantities of
aripiprazole to be administered in one dose without significantly increasing

4
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adverse events compared to the current once daily conventional IR dosing
regimen. Any reduction in dosing frequency is thought to bring material

improvements in patient convenience and compliance.

Reduction in dosing frequency offers significant pharmacoeconomic advantages

over the current dosing regimen by reducing the indirect human cost of drug

treatment (e.g: by reducing medical practitioners’ time required for supervised

drug administration).

The compositions of the invention also provide a once daily dosage regimen in
which the release of aripiprazole is controlled. It is thought that this could reduce

the adverse event profile compared to currently available once daily dosage

regimens and/or provide a more efficient once daily dose regimen.

Unless otherwise indicated herein, the term “aripiprazole” refers to 7-[4-[4-(2,3-

dichlorophenyl)piperazin-1-yl]butoxy|-3 4-dihydro-1H-quinolin-2-one, its
~ pharmaceutically acceptable salts, and mixtures thereof.  “Pharmaceutically
acceptable salts” includes derivatives of aripiprazole, wherein aripiprazole 18
modified by making non-toxic acid or base salts thereof, and further refers to
pharmaceutically acceptable solvates (including hydrates) of such salts. Examples
of pharmaceutically acceptable salts include, but are not limited to, mineral or
organic acid salts of the amine functionality of aripiprazole. The pharmaceutically
acceptable salts include non-toxic salts and the quaternary ammonium salts of
aripiprazole formed, for example, from organic and inorganic acids. Such salts
include those derived from inorganic acid such hydrochloric, hydrobromic,
hydroiodic, sulphuric, phosphoric, nitric, metal salts such as sodium salt,
- potassium salt and cesium salt, alkaline earth metal salts such as calcium salt and
magnesium salt and combinations of the foregoing. Pharmaceutically acceptable
organic salts include salts prepared from organic acids such as acetic,
trifluoroacetic propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic,  glutamic, benzoic,
salicylic, mesylic, esylic, besylic, sulfanilic, 2-acetoxybenzoic, fumaric,
toluenesulfonic, methanesulfonic, ethanedisulfonié, oxalic, .isethionic, HO,C-
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(CH,)y-CO,H (where n = 0-4) and salts prepared from amino acids such as
arginate, asparginate and glutamate. Preferred pharmaceutically acceptable
organic salts include salts prepared irom organic acids such as acetic,
trifluoroacetic propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic,
mesylic, esylic, besylic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic,
methanesulfonic, ethanedisulfonic, oxalic, isethionic, HO,C-(CH,),-CO2H (where
n = 0-4) and salts prepared from amino acids such as arginate, asparginate and

glutamate. The term “pharmaceutically acceptable salts” also includes mixtures of

any of the foregoing derivatives of aripiprazole.

By. the term “orally deliverable”, we include the meaning suitable for oral,
including peroral and intra-oral (e.g. sublingual or buccal) administration.
Preferably, the compositions of the invention are designed for peroral

administration to a patient, i.e. by swallowing (e.g. eating or drinking).

By the term “controlled release™, we include the meaning that after administration,
release of the aripiprazole is controlled so that a dosage regimen in which
aripiprazole can be administered less frequently than the current dosage regimen,
for example less frequently than once daily can be provided (however, improved
release profiles ~-jfor once daily administration are also included in this regard).
This may include delaying and/or prolonging and/or sustaining the release of
aripiprazole so that the time between doses of aripiprazole can be increased. Such
delayed/prolonged/sustained release may also be accompanied by a highe; single

dose of aripiprazole in the compositions of the invention compared to the currently

used once daily IR formulations.

The compositions of the invention are suitable for a controlled release once daily
(OD) dose regimen, and dose regimens less frequent than OD. By dose regimens
less frequent than OD, we include once every 2.3, 4, 5 or 6 days, thrice weekly,
twice weekly (TW), once weekly (OW) and combinations thereof. A preferred
group of dose regimens are OD, once every 2 days (i.e. every other day), TW and

OW, for example once every 2 days, TW and OW.
| 6
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The controlled release characteristics of the compositions of the invention may be

~ -defined in relation to their in vitro or in vivo release profile or related values such

as Cinax, Tinax and AUC, as described in more detail below.

For example, the compositions of the invention may exhibit an in vitro release
profile wherein on average no more than about 60% of the aripiprazole, preferably

no more than about 50%, more preferably no more than about 40% 1s dissolved

within 3 hours after placement in a standard dissolution test.

Unless otherwise indicated, as used herein, the term ‘“‘standard dissolution test”,

means a test conducted according to the “Paddie Method” at 100 rpm in 500 ml of

a dissolution medium of aqueous physiological pH range between 1 and 7 at 37°C,

as described in the United States Pharmacopoeia, or other test conditions
substantially equivalent thereto, e.g. 0.1 M hydrochloric acid and pH 4.0
phosphate buffer. |

As noted above, the subject invention is concerned with providing dosage
regimens with either less frequent dosing than the current once daily dosage
regimen or controlled delivery of the daily dose. Compositions having the in vitro
release profile defined above may be suitable for both OD administration and dose

regimens requiring even less frequent administration of the drug containing

composition than OD, as explained in more detail below.

For the avoidance of doubt, by the phrase “dose regimens requiring even less

- frequent administration of the drug containing composition than OD”, as used

herein in relation to the compositions of the invention having the controlled
release characteristics described herein (e.g. in vitro release profile), we include
once every 2, 3, 4, 5 or 6 days, thrice weekly, twice weekly (TW), once weekly
(OW) and combinations thereof.

The compositions of the invention which may be suitable for OD administration
may typically exhibit an in vitro release profile wherein on average from about 10

7
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to about 50%, such as from about 15 to about 45%, for example from about 15 to

about 30% of the aripiprazole is dissolved within 3 hours after placement n a

standard dissolution test.

The compositions of the invention which may be suitable for dose regimens

requiring even less frequent administration of the drug containing composition

* than OD may typically exhibit an in vitro release profile wherein on average from

about 2 to about 40% (e.g. about 2 to about 30 or 35%), such as from about 5 to
about 25%, for example from about 10 to about 20% of the aripiprazole 1s

dissolved within 3 hours after placement in a standard dissolution test.

The compositions of the invention which may be suitable for OD administration
may typically exhibit an in vitro release profile wherein on average from about 25

to about 100%, such as from about 30 to about 100%, for example from about 40
to about 100% or about 50 to about 100% of the aripiprazole is dissolved within &

hours after placement in a standard dissolution test.

The compositions of the invention which may be suitable for dose regimens

requiring even less frequent administration of the drug containing composition
than OD may typically exhibit an in vitro release profile wherein on average no
more than about 70% of the aripiprazole, preferably no more than about 60%,
more preferably no more than about 50%, for example no more than about 40% 1s
dissolved within 8 hours after placement 1n a standard dissolution test. Typically,
such compositions exhibit an in vitro release profile wherein on average from
about 10 to about 65%, such as from about 15 to about 55%, for example from
about 20 to about 45% of the aripiprazole is dissolved within 8 hours after

placement in a standard dissolution test.

The compositions of the invention may exhibit an in viiro dissolution rate after

placement in a standard dissolution test wherein:
from about 2 to about 50 % of the aripiprazole is released after 2 hours;

" from about 5 to about 80% of the of the aripiprazole is released after 4

hours:

PCT/GB2007/003677
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25 % or more of the aripiprazole is released after 8 hours; and
40 % or more of the aripiprazole is released after 12 hours.

Preferably, the in vitro release rate is independent of pH between 1 and 7.

Compositions having the in vitro release profile defined above may be suitable for
both OD administration and dose regimens requiring even less frequent

administration of the drug containing composition than OD, as explained in more

detail below.

The compositions .of the invention which may be suitable for OD administration

may typically exhibit an in vitro dissolution rate after placement in a standard

dissolution test wherein:

from about 5 to about 40 % (e.g. from 10 to 30 %) of the aripiprazole 1s

released after 2 hours;
from about 15 to about 70 % (e.g. from 20 to 50 %) of the aripiprazole 1s

released after 4 hours; and

50 % or more (e.g. 60 % or more) of the aripiprazole 1s released after 8

hours.

Preferably, the in vitro release rate is independent of pH between 1 and 7.

The compositions of the invention which may be suitable for dose regimens

requiring even less frequent administration of the drug containing composition

than OD may typically exhibit an in vitro dissolution rate after placement 1n a

standard dissolution test wherein:
from about 2 to about 35%, such from about 2 to about 25% (e.g. from 5 to
15%) of the aripiprazole is released after 2 hours;

from about 5 to about 50% (e.g. from 10 to 40)of the aripiprazole is

released after 4 hours;
from about 25 to about 80% (e.g. from 30 to 60) of the aripiprazole is

released after 8 hours; and

40 % or more (e.g. 50 % or more) of the aripiprazole 1s released after 12
hours.
Preferably, the in vitro release rate is independent of pH between 1 and 7.

9
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The compositions of the invention may exhibit an in vivo aripiprazole plasma

absorption profile following single dose oral administration wherein the time for
50% of the aripiprazole to be absorbed into the plasma (of a human or animal

patient) is at least 2 hours, preferably at least 3 hours, more preferably at least 4

hours (e.g. at least about 5 or 6 hours).

The phrase “aripiprazole plasma absorption profile” is intended to refer to the
plasma concentration of aripiprazole over time following administration to a
human or animal patient. As known to those skilled in the art, the plasma

absorption profile may be measured by deconvolution of contmuous release

pharmacokinetics versus an immediate release reference.

Compositions having the in vivo release profile defined above may be suitable for
both OD administration and dose regimens requiring even less frequent

administration of the drug containing composition than OD, as explained in more

detail below.

The compositions of the invention which may be suitable tor OD administration

may typically exhibit an in vivo aripiprazole plasma absorption profile following

single dose oral administration wherein the time for 50% of the aripiprazole to be

- absorbed into the plasma is from about 2 to about 12 hours, such as from about 3

to about 10 hours, for example from about 4 to about 9 hours or from about 5 to

about 7 hours (e.g. about 6 hours).

The compositions of the invention which may be suitable for dose regimens
requiring even less frequent administration of the drug containing composition
than OD may typically exhibit an in vivo aripiprazole plasma absorption profile
following single dose oral administration wherein the time for 50% of the
aripiprazole to be absorbed into the plasma is from about 6 to about 24 hours, such

as from about 7 to about 20 hours, for example from about 8 to about 18 hours or

from about 10 to about 16 hours.

10
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The compositions of the invention may also be defined in terms of the amount of
aripiprazole which is released from the compositions in vivo at specified periods

of time following oral administration. For example, compositions of the invention

may typically exhibit a release profile wherein:
from about 2 to about 50% of the aripiprazole is released within 2 hours

following administration;
from about 5 to about 80% of the aripiprazole is released within 4 hours

following administration;

25% or more of the aripiprazole is released within 8 hours following

administration; and

40% or more of the aripiprazole is released within 12 hours following

administration.

Compositions having the in vivo release profile defined above may be suitable for
both OD administration and dose regimens requiring even less irequent

administration of the drug containing composition than OD, as explained in more

detail below.

The compositions of the invention which may be suitable for OD administration
may typically exhibit an in vivo aripiprazole plasma absorption profile wherein:
from about 5 to about 40% (e.g. from 10 to 30%) of the aripiprazole is

released within 2 hours following administration; -

from about 15 to about 70% (e.g. from 20 to 50%) of the aripiprazole is

released within 4 hours following administration; and

50% or more (e.g. 60% or more) of the aripiprazole 1s released within &

hours following administration.

The compositions of the invention which may be suitable for dose regimens
requiring even less frequent administration of the drug containing composition

than OD typically exhibit an in vivo aripiprazole plasma absorption profile

wherein:
from about 2 to about 35%, such from about 2 to about 25% (e.g. from 5 to

15%) of the aripiprazole is released within 2 hours following administration;

11
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from about 5 to about 50% (e.g. from 10 to 40%) by weight of the
aripiprazole is released within 4 hours following administration;

from about 25 to about 80% (e.g. from 30 to 60%) of the aripiprazole 18

released within 8 hours following administration; and

40% or more (e.g. 50% or more) of the aripiprazole is released within 12

hours following administration.

The controlled release characteristics of the compositions of the invention which

may be suitable for OD administration may be defined in relation to the peak

plasma concentration (Cmax) value of aripiprazole when administered to human or
animal patients. For example, the compositions of the invention which may be
suitable for OD administration typically exhibit a aripiprazole Cuax value
following oral administration of from about 10 to about 99 %, such as from about
20 to about 80 %, for example from about 25 to about 70 % (e.g. from about 30 to
about 60 %) of the Cpax value achieved using a conventional immediate release

(IR) dosage form of aripiprazole when administered orally at an identical dose.

The phrase “conventional immediate release (IR) dosage form of aripiprazole™
includes the meaning that the dosage form releases substantially all of the
aripiprazole contained therein immediately, for example within 30 minutes of
administration. In other words, such IR dosage forms typically have substantially
no component which acts to delay and/or prolong and/or sustain the release of
aripiprazole.  This definition is intended to include the compositions of
aripiprazole described in the introductory pages of this specification which are

currently typically used for the treatment of schizophrenia and bipolar disease

The controlled release characteristics of the compositions of the invention which

may be suitable for OD administration may be defined by the ratio of the peak

plasma concentration (Cmax) of aripiprazole to the plasma concentration of

aripiprazole 24 hours following administration (Cp4) when administered to human
or animal patients and prior to the administration pf any further doses. The
compositions of the invention typically exhibit a Cpax t0 Co4 ratio, preferably
under steady state conditions, that is less than about 3:1, preferably less than about
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2:1, more preferably less than about 1.5:1, such as from 1.1:1 to about 1.5:1 (e.g.
about 1:1).

The compositions of the invention may exhibit one or more of the controlied

release profiles defined above.

The compositions of the invention comprise a therapeutically effective amount of
aripiprazole and at least one pharmaceutically acceptabie excipient. In order to
achieve one or more of the controlled release profiles described above, the

therapeutically effective amount of aripiprazole may be formulated in numerous

different ways, including, but not limited to diffusion-controlled formulations
(such as wax matrices or pellets), dissolution-controlled formulations (such as
press-coated formulations), dissolution/diffusion-controlled formulations, easily
administrable formulations (such as chewable, fast dissolving, sprinkle or taste-

masked formulations), enteric-coated formulations, osmotic pump technology

formulations, tamper-resistant formulations, ero sion-controlled formulations, ion

exchange resins and combinations of the foregoing. The above formulations will

be described in more detail below.

The formulations described herein for the compositions of the invention are
designed primarily for oral administration. Suitable oral dosage forms include,
but are not limited to capsules, tablets, liquids, powders, granules, suspensions,
matrices, microspheres, seeds, pellets and/or beads of the foregoing formulations.
Combinations of these dosage forms may also be used in the invention. For
example, an oral dosage form containing aripiprazole may be in the form of
microtablets enclosed inside a capsule, e.g. a hydroxypropylmethylcellulose
(HPMC) capsule or a gelatin capsule. Any suitable gelatin capsule may be used,
for example the hard gelatin capsule known as CAPSUGEL.

The solid oral dosage forms described above may typically utilise drug substance
which may have an average particle size of greater than 100nm, preferably greater

than 500nm, 1000nm or 2000nm (e.g. greater than 2500nm).
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The compositions of the invention may be diffusion controlled fonnulatioﬁs. By
the term “diffusion controlled formulations”, we include formulations in which
diffusion of dissolved aripiprazole from the formulation has a significant role in
the rate of controlled release of aripiprazole from that formulation. However,
dissolution processes may also be involved. Typical diffusion controlled
formulations include so-called “reservoir systems”, in which a core of aripiprazole
is coated with a polymer (typically a water-insoluble polymer), and so-called
“matrix systems”, in which the aripiprazole 1s dispersed throughout a matrix (e.g.
a swellable matrix), which may optionally be coated. In either system, flow and

egress of the dissolved drug 1s controlled so as to achieve one or more of the

release profiles defined above.

The compositions of the invention may be based on matrix technology. In this
technology, aripiprazole is embedded m an excipient that makes a non-

disintegrating core called a matrix. Diffusion of (dissolved) aripiprazole occurs

through the core.

Preferably, the controlled release compositions of the invention are formulated so
there is at least some time-delay before significant plasma concentrations of
aripiprazole are achieved. In other words, the compositions of the invention may
have a delayed and/or sustained and/or prolonged release component. Such
compositions may avoid an initial burst of aripiprazole, or may be formulated so
that release of aripiprazole in a particular part of the gastrointestinal tract (e.g. the

stomach) is retarded. This may be useful for minimizing the adverse event

profiles associated with aripiprazole.

composition that is non-toxic and includes a pharmaceutically acceptable enteric

polymer, which is predominantly soluble in the intestinal fluid, but substantially

insoluble in the gastric juices.
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Typically, the compositions of the invention extend the aripiprazole release, €.g.

by several hours, compared to aripiprazole release in the known immediate release

dosage form.

The compositions of the invention may comprise a release-retarding material. The
release-retarding material can be, for example, n the form of a matrix or a
coating. The compositions of the invention may comprise, for example, a particle
of aripiprazole that is combined with a release-retarding material. The release-
retarding material is typically a material that permits release of aripiprazole at a
sustained rate in an aqueous medium. The release-retarding material can be

selectively chosen so as to achieve, n combination with the other stated

properties, a desired release rate.

Release-retarding materials may be hydrophilic and/or hydrophobic polymers
and/or materials. Suitable release-retarding materials include but are not limited
to acrylic polymers, alkylcellulose, shellac, zein, hydrogenated vegetable oil,
hydrogenated caster oil, and combinations comprising one or more of the
foregoing materials. The compositions of the invention typically may contain

between about 1% and about 80% (by weight) of the release-retarding material.

Suitable acrylic p.olymers include, for example, acrylic and methacrylic acid
copolymers, methyl methacrylate copolymers, ethoxyethyl methacrylates,
cyanoethyl methacrylate, aminoalkyl methacrylate copolymer, poly(acrylic acid),
poly(methacrylic acid), methacrylic acid -alkylamide copolymer, poly(methyl
methacrylate), poly(methacrylic acid anhydride), methyl methacrylate,
polymethacrylate, poly(methyl methacrylate) copolymer, polyacrylami de,
aminoalkyl methacrylate copolymer, glycidyl methacrylate copolymers, and

combinations comprising one or more of the foregoing polymers.

Suitable alkylcelluloses include, for example, ethylcellulose. Those skilled in the
art will appreciate that other cellulosic polymers, including other alkyl cellulosic

polymers, can be substituted for part or all of the ethylcellulose.
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Other suitable hydrophobic materials are typically water-insoluble and may have a

melting point of from about 30°C to about 200°C, preferably from about 45°C to
about 90°C. The hydrophobic material may include neutral or synthetic waxes,
fatty alcohols (such as lauryl, myristyl, stearyl, cetyl or preferably cetostearyl
alcohol), fatty acids, including fatty acid esters, fatty acid glycerides (<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>