PHARVACEUTI CAL DOSAGE FORMS COWPR] SI NG A LOW SCLUBI LI TY DRUG AND A POLYMER
Background The present invention relates to pharnaceutical dosage forns
conpri si ngoaodsmasalsubi 1 ity drug and a polynmer. It is kneewimBmoshe7ért that
a lowsolubility drug may be conmbined with a polymer to increase the
concentration of dissolved drug in an aquéous use environnment relative to a
conposition that does not contain the polynmer. For exanple, Curatolo et

al ., US Patent No. 6,548,555 Bl, disclose conpositions conprising a basic
drug adm xed with a pol ynmer sel ected fromthe group consi sting of
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basi ¢ drug, when aghgigibssheheshtib® rélat@asd phamesaRiticaN \dbsz08 Ieris, cantprisin@lal fgw-

di ssolves to a thg con entratl on. This high concentration is sustained by
the presefice SG¢ mS(?I”@PﬂQP Y{#en the drug enters a higher pHintestinal use
envi ronment . Cur atloisdnowt inghe art Bt pudi-peieidy grap erey tepioitibingt iwith a polymer to
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t he 20 enhanced aqueous solubility relative to the lowest-energy crystalline drug form.
Curatolo, et al., US published patent application 2003/0072801A1, disclose several

solubilized drug forms combined with various polymers. The application discloses, among
other things, such solubilized drug forms as nanoparticles and cyclodextrin complexes
combined with polymers.

25 While not wishing to be bound by a particular theory, it is believed that the polymer,
when combined with a solubilized drug, generally does not have the capacity to greétly
solubilize insoluble drugs (that is, to increase the equilibrium solubility of free drug). Instead,
it is believed the polymer primarily acts to slow the rate of precipitation or crystallization of the
drug after the drug is initially dissolved. The presence of the polymer(s) thus allows the

30 initially increased or enhanced concentration provided by the solubility-improved form of the
drug to be at least partially maintained for at least a few minutes and, in some cases, for
many hours. In addition, in cases where dissolution of the solubility-improved form of the
drug is slow and precipitation of the low-solubility drug form, in the absence of the polymer, is
fast, the presence of the polymer may result in the maximum concentration of drug observed

35  being substantially higher than that observed in the absence of the polymer.

One possible mechanism for improving the dissolved drug concentration involves the

association of the polymer and dissolved drug to form “polymer/drug assemblies.” Such
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the form of Accordingly, it is desired to combine a low-solubility drug and precipitation-inhibiting

polymer in a dosage form in a manner that facilitates reproducibly achieving concentration-
enhancement of dissolved drug in a use environment, and/or provides or sustains higher

25  concentrations of dissolved drug.
Summary of the Invention

In one aspect, a dosage form comprises a low-solubility drug and a precipitation-
inhibiting polymer. The low-solubility drug is in a solubility-improved form and in the form of
particles at least partially coated with the precipitation-inhibiting polymer.

30 The dosage forms of the present invention ameliorate the problem of variability in
performance by combining the drug and polymer together so that the drug and polymer
remain in contact with each other during formation of the dosage form, and later during
release of the drug from the dosage form. Since the polymer at least partially coats the drug,
the drug and polymer remain in contact during formation of the dosage form. Even as the

35  drug and polymer are combined with other excipients, such as binders, diluents, disintegrants,
osmagents, or other such materials, nevertheless the drug and polymer are not diluted

relative to each other during manufacture of the dosage form. Nor are the drug and polymer



particles at |east partially coated with the precipitation-inhibiting
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25 invention.
Brief Description of the Drawings

FIG. 1 shows schematically in cross section polymer coated drug particles.

FIG. 2 shows schematically in cross section polymer coated particles comprising drug

particles and polymer particles.
30 Detailed Description of the Invention

The dosage forms of the present invention comprise a low-solubility drug and a
precipitation-inhibiting polymer. The low-solubility drug is in the form of particles at least
partially coated with the precipitation-inhibiting polymer. By “particles” is meant, when the
drug is crystalline, individual crystals of the drug. When the drug is amorphous, “particles”

35 refers to individual particles comprising drug in amorphous form. In general, the particles may

range in size from about 0.1 pm to about 500 pm.



invention. Brief Description of the Drawings FIG 1 shows schematically in
cross section polyner coated drug particles. FIG 2 shows schematically in
cross secwvoanoguehomer coated particles conprising drug pertaBmiossoand

pol ynmer particles. Detailed Description of the Invention The dosage forns
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and 26 are both hydroxypropylmethyl cellulose acetate succinate. This embodiment has
particular utility when it is desired to have a relatively high weight ratio of polymer to drug
(e.g., a polymer to drug weight ratio of greater than about 0.5). The efficiency of the coating
process used to coat the precipitation-inhibiting polymer onto the drug particles is a function
25  of the amount of precipitation-inhibiting polymer that must be dissolved and coated onto the
drug particles. In this embodiment, only a portion of the precipitation-inhibiting polymer is
dissolved and coated, whereas the remainder is present as particles. Nonetheless, the
resulting composition contains drug particles at least partially coated with the precipitation-
inhibiting polymer, and also contain additional precipitation-inhibiting polymer 26, ali of which
30 are present in the composition 20.

The precipitation-inhibiting polymer coating and drug, while in contact with one
another, are in separate phases. The drug particle, when a crystalline drug form, remains
relatively pure drug, and retains its characteristic properties such as melting point or glass
transition temperature. Thus, the polymer coated drug particles are in contrast to molecular

35  dispersions or solid solutions of the drug in the polymer.
In addition, the drug particles may be either individually coated, or several drug

particles may be coated with polymer and present in a single particle. For example, returning
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25  form has an immediate release component and a sustained release component, the drug in.
the sustained release component may be in the solubility-improved form and may be at least
partially coated with the polymer, while the drug in the immediate release component may be
the lowest solubility form without any polymer coating.

The Drug

30 The term "drug" is conventional, denoting @ compound having beneficial prophylactic
and/or therapeutic properties when administered to an animal, especially humans. By "low-
solubility drug" is meant that the drug may be either "substantially water-insoluble,” which -
means that the drug has a minimum aqueous solubility at any physiologically relevant pH
(e.g., pH 1-8) of less than 0.01 mg/mL, "sparingly water-soluble," that is, has an aqueous

35  solubility up to about 1 to 2 mg/mL, or even low to moderate aqueous-solubility, having an
aqueous-solubility from about 1 mg/mL to as high as about 20 to 40 mg/mL. The invention -

finds greater utility as the solubility of the drug decreases. Thus, compositions of the present
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as either amorphous or crystalline); (5) drug particles having reduced or small particle size;
(6) drug in semi-ordered from in which the drug may have properties that lie between those of
a crystalline form of the drug and an amorphous form of the drug; and (7) drug in a

30  cyclodextrin complex. the solubility improved form may comprise a mixture of two or more of
such solubility-improved forms.

In one aspect of the invention, the solubility-improved form of the drug is crystalline
and is a highly soluble salt form of the drug. As used herein, “highly soluble salt form” means
that the drug is in a salt form that provides solubility improvement as described below. The

35  drug can be any pharmaceutically acceptable salt form of a basic, acidic, or zwitterionic drug
that meets this criteria. Examples of salt forms for basic drugs include the chloride, bromide,

acetate, iodide, mesylate, phosphate, maleate, citrate, sulfate, tartrate, lactate salts and the
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bromi de, In yet another separate aspect of the invention, although the drug may be capable of
existing in either the amorphous or crystalline form, in the composition it is in the amorbhous

25  form. Preferably, at least a major portion of the drug is amorphous. By "amorphous” is meant
simply that the drug is in a non-crystalline state. As used herein, the term "a major portion” of
means that at least 60 wit% of the drug in the composition is in the amorphous form, rather

than the crystalline form. Preferably, the drug is substantially amorphous. As used herein,
"substantially amorphous" means that the amount of drug in crystalline form does not exceed

30  about 25 wi%. More preferably, the drug is "almost completely amorphous,"” meaning that the
amount of drug in the crystalline form does not exceed about 10 wi%. Amounts of crystalline

drug may be measured by Powder X-Ray Diffraction (PXRD), Scanning Electron Microscope
(SEM) analysis, differential scanning calorimetry (DSC), or any other standard quantitative
measurement. The drug in its amorphous form provides in at least an in vitro test medium a

35 maximum concentration of the drug that is greater than the maximum concentration of the
drug provided by the drug in crystalline form. An example of such a drug is 5-chloro-1H-
indole-2-carboxylic acid [(1S)-benzyl -3-((3R, 4S) -dihydroxypyrroldin-1-yl-) -(2R) -hydroxy-3-



acetate, iodide, nesylate, phosphate, naleate, citrate, sulfate, tartrate,
| actate salts and thelike. Exanples of salt fornms for acidic drugs include
t he sodi WD 20@likam pot assi um zinc, nmagnesi um | it hi urcTaBoosmeemy4

megl um ne, diethanol am ne, benzathi ne, choline, and procaine salts and the
| i ke. These salts can also be used for zwittterionic drugs. An exanple of a
drug having a crystalline highly soluble salt formis ziprasidone.
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(PXRD), Scanm nzg:t Eg';r%(c:illng Or'?uIIM fﬁjr Ose%(e)r%y mill (jet mill), and centrifugal-impact pulverizers.
25  Alternatively, small particles may be formed by atomization or precipitation. A preferred
method for reducing the drug particle size is jet milling. Small drug particles can also be
formed by other means, such as dissolution in a solvent such as alcohol or water followed by
precipitation by mixing with a non-solvent. Another method to reduce particle size is by
melting or dissolving the drug in a solvent and atomizing the resulting liquid by spray

30 congealing or spray drying to form a powder. The size of the drug particles needed to
enhance drug dissolution compared with the bulk crystalline form of the drug will depend on

the particular drug. In general, however, dissolution rate tends to increase as the drug
particle size decreases. The average particle size may be less than 100 microns, less than

50 microns, or even less than 10 microns. For example, in the case of the drug ziprasidone,

35 jet-milled ziprasidone may have a mean particle size of less than about 10 microns, and more
preferably less than about 5 microns. As described above, when a solubility improved form of

the a drug, such as a salt, is dosed to a buffered solution, such as phosphate buffered saline,
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Anot her nethod to reéuce particle Y
dissolution. An appropriate PBS so utlon is an aqueous solution comprising 20 mM Na,HPOy,,
47 mM KH,PO,, 87 mMNaCl, and 0.2 mMKCI, adjusted to pH®&.5 with NaOH. An
25  appropriate MFD solution is the same PBS solution wherein there is also present 7.3 mM
sodium taurocholic acid and 1.4 mM of 1-palmitoyl-2-oleyl-sn-glycero-3-phosphocholine.
Water is a preferred dissolution media for some fast precipitating salts. In cases where the
solubility-improved form is an ionic salt of the drug it is often observed that when neutral
buffer solutions (pH 6 to 8) are used, the solubility-improved form rapidly converts to the
30 lowest energy form of the drug, typically the neutral crystalline form. In such cases it may be
preferred to use an unbuffered test medium such as distilled water as the dissolution medium.
In one method for evaluating whether the form is a solubility-improved form, the
solubility-improved form of the drug when tested in an in vitro dissolution test meets at least
one, and preferably both, of the following conditions. The first condition is that the solubility-
35 improved form provides a higher maximum dissolved drug concentration (MDC) of drug in the
in vitro dissolution test relative to a control composition consisting of the lowest solubility

crystalline form of the drug. That is, once the solubility-improved form is introduced into a use



melting or dissolving the drug in a solvent and atom zing the resulting
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25  MDC and/or aqueous AUC of the test composition in the test medium with the equilibrium
concentration, and/or with the aqueous AUC of the control composition. In conducting such a
dissolution test, the amount of test composition or control composition used is an amount
such that if all of the drug dissolved, the drug concentration would be at least 2-fold,
preferably at least 10-fold, and most preferably at least 100-fold that of the equilibrium

30  concentration.

The concentration of dissolved drug is typically measured as a function of time by
sampling the test medium and plotting drug concentration in the test medium vs. time so that
the MDC can be ascertained. The MDC is taken to be the maximum value of dissolved drug
measured over the duration of the test. The aqueous AUC is calculated by integrating the

35  concentration versus time curve over any 90-minute time period between the time of
introduction of the composition into the aqueous use environment (when time equals zero)

and 270 minutes following introduction to the use environment (when time equals 270



appropriate MFD solution is the sane PBS solution wherein there is also
present 7.3 nmM sodiumtaurocholic acid and 1.4 nmM of
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MFD solution, or distilled water. Distilled water is a preferred dissolution media for salt forms

that rapidly precipitate. The dissolution rate of the solubility-improved form is greater than the

dissolution rate of the lowest solubility form of the drug in its bulk crystalline form. Preferably,

the dissolution rate is 1.25-fold that of the lowest solubility form of the drug, more preferably at

30 least 2-fold, and even more preferably at least 3-fold that of the lowest solubility form of the
drug.

Alternatively, an in vitro membrane-permeation test may be used to determine if the

* drug is in a solubility-improved form. In this test, the solubility-improved form is placed in,

dissolved in, suspended in, or otherwise delivered to the aqueous solution to form a feed

35 solution. The aqueous solution can be any physiologically relevant solution, such as an MFD

or PBS solution, as described above. After forming the feed solution, the solution may be

agitated to dissolve or disperse the solubility-improved form therein or may be added



adding with agitation a sufficient quantity of test conposition (e.g., the
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From these data, the maximum flux of drug across the membrane is calculated by
25  multiplying the maximum slope of the concentration of drug in the permeate solution versus
time plot by the permeate volume and dividing by the membrane area. This maximum slope
is typically determined during the first 10 to 90 minutes of the test, where the concentration of
drug in the permeate solution often increases at a nearly constant rate following a short time
lag of a few minutes. At longer times, as more of the drug is removed from the feed solution,
30 the slope of the concentration versus time plot decreases. Often, the slope approaches zero
as the driving force for transport of drug across the membrane approaches zero; that is, the
drug in the two phases approaches equilibrium. The maximum flux is determined either from
the linear portion of the concentration versus time plot, or is estimated from a tangent to the
concentration versus time plot at time where the slope is at its highest value if the curve is
35 nondinear. Further details of this membrane-permeation test are presented in co-pending
U.S. Patent Application Serial No. 60/557,897, entitled “Method and Device for Evaluation of



drug nol ecul es but also a wi de range of species such as pol yner/drug
assenbl i es that have subm cron di nensions such as drug aggregates,
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the specified dissolution test. In another nethod for eval uation of whether
a drug formis a solubility-inproved form the dissolution rate of the
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duration of rang m several “m nut es
to several hdud.s or even days. The rate of transport of drug fromthe feed

sol ution to the pespBatBorsiRhibidgOFblyners suitable for use with the present invention may be
cellulosic or non-cellulosic. The polymers may be neutral or ionizable in aqueous solution. Of
25  these, ionizable and cellulosic polymers are preferred, with ionizable cellulosic polymers
being more preferred.
A preferred class of precipitation-inhibiting polymers comprises polymers that are
"amphiphilic" in nature, meaning that the polymer has hydrophobic and hydrophilic portions.
The hydrophobic portion may comprise groups such as aliphatic or aromatic hydrocarbon -
30 groups. The hydrophilic portion may comprise either ionizable or non-ionizable groups that
are capable of hydrogen bonding such as hydroxyls, carboxylic acids, esters, amines or
amides.
One class of precipitation-inhibiting polymers suitable for use with the present
invention comprises neutral non-cellulosic polymers. Exemplary polymers include: vinyl
35 polymers and copolymers having substituents of hydroxyl, alkylacyloxy, or cyclicamido;
polyvinyl alcohols that have at least a portion of their repeat units in the unhydrolyzed (vinyl

acetate) form; polyvinyl alcohol polyvinyl acetate copolymers; polyvinyl pyrrolidone;



determ ned by nmeasuring the concentration of drug in the organic fluid in
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concent r avoaoosaf4dinug i n the feed solution as a functi orcofiBtdosre27er bot h.
This can be acconplished by nethods well known in the art, including by use
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resonance (NMR), infra red (I R) spectroscopic analysis, polarized |ight,
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It should also be noted that a polymer name such as "cellulose acetate phthalate”

(CAP) refers to any of the family of cellulosic polymers that have acetate and phthalate
groups attached via ester linkages to a significant fraction of the cellulosic polymer’s hydroxy!
groups. Generally, the degree of substitution of each substituent group can range from 0.1 to
2.9 as long as the other criteria of the polymer are met. "Degree of substitution" refers to the

30 average number of the three hydroxyls per saccharide repeat unit on the cellulose chain that
have been substituted. For example, if all of the hydroxyls on the cellulose chain have been
phthalate substituted, the phthalate degree of substitution is 3. Also included within each
polymer family type are cellulosic polymers that have additional substituents added in
relatively small amounts that do not substantially alter the performance of the polymer.

35 Amphiphilic cellulosics comprise polymers in which the parent cellulosic polymer has
been substituted at at least a portion of the hydroxyl groups present on the saccharide repeat

units of the polymer with at least one relatively hydrophobic substituent. Hydrophobic



the test conposition is at least 1.25-fold that provided by the control
conposition. A conposition is a solubility-inproved formif, when dosed to
an agueousouses/@maisr onnent, it provides a maxi mum fl ux eCTdB20gs/He2764he above
test that is at |east about 1.25-fold the maxi mum flux provided by the
control conposition. Preferably, the maximum flux provided by the
conpositions are at |east about 1.5-fold, nore preferably at |east about
2-fold, and even nore preferably at |east about 3-fold that provided by the
control conposition. Precipitation-inhibiting Polymers
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such as %% g%oxyFlc acid function h q
However, when aryl groups are included, the polymer may need to include a sufficient amount
of a hydrophilic substituent so that the polymer has at least some water solubility at any
physiologically relevant pH of from 1to 8.
Exemplary non-ionizable polymers that may be used as the polymer include:
25 - hydroxypropyl methyl cellulose acetate, hydroxypropyl methyl cellulose, hydroxypropyl
cellulose, methyl cellulose, hydroxyethyl methyl cellulose, hydroxyethyl cellulose acetate, and
hydroxyethy! ethyl cellulose.
A preferred set of neutral cellulosic polymers are those that are amphiphilic.
Exemplary polymers include hydroxypropyl methyl cellulose and hydroxypropyl methyl
30 cellulose acetate, where cellulosic repeat units that have relatively high numbers of methyl or
acetate substituents relative to the unsubstituted hydroxyi or hydroxypropyl substituents
constitute hydrophobic regions relative to other repeat units on the polymer. Neutral polymers
suitable for use in the present invention are more fully disclosed in commonly assigned
pending US Patent Application Serial No. 10/175,132, filed June 18, 2002, herein
35 incorporated by reference.
A preferred class of cellulosic polymers comprises polymers that are at least partially

ionizable at physiologically relevant pH and include at least one jonizable substituent, which
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phthalate, hydroxyethyl methyl cellulose acetate succinate, hydroxyethyl methyl cellulose
25 - acetate phthalate, carboxyethyl cellulose, carboxymethyl cellulose, carboxymethyl ethyl
cellulose, cellulose acetate phthalate, methyl cellulose acetate phthalate, ethyl cellulose
acetate phthalate, hydroxypropyl cellulose acetate phthalate, hydroxypropyl methyl! cellulose
acetate phthalate, hydroxypropyl cellulose acetate phthalate succinate, hydroxypropyl methyl
cellulose acetate succinate phthalate, hydroxypropyl methyl cellulose succinate phthalate,
30 cellulose propionate phthalate, hydroxypropyi cellulose butyrate phthalate, cellulose acetate
trimellitate, methyl cellulose acetate trimellitate, ethyl cellulose acetate trimelliitate,
hydroxypropyl cellulose acetate trimellitate, hydroxypropyl methyl cellulose acetate
trimellitate, hydroxypropyl cellulose acetate trimellitate succinate, cellulose propionate
trimellitate, cellulose butyrate trimellitate, cellulose acetate terephthalate, cellulose acetate
35 isophthalate, cellulose acetate pyridinedicarboxylate, salicylic acid cellulose acetate,

hydroxypropyl salicylic acid cellulose acetate, ethylbenzoic acid cellulose acetate,
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Another particularly desirable subset of cellulosic ionizable polymers are those that
possess a non-aromatic carboxylate substituent. Exemplary polymers include hydroxypropyl
25  methyl cellulose acetate succinate, hydroxypropyl methyl cellulose succinate, hydroxypropyl
cellulose acetate succinate, hydroxyethyl methyl cellulose acetate succinate, hydroxyethyl
methyl cellulose succinate, hydroxyethyl cellulose acetate succinate, and carboxymethyl ethyl
cellulose.
While, as listed above, a wide range of polymers may be used, the inventors have
30 found that relatively hydrophobic polymers have shown the best performance as
demonstrated in vitro dissolution tests. In particular, cellulosic polymers that are aqueous
insoluble in their nonionized state but are aqueous soluble in their ionized state perform
particularly well. A particular subclass of such polymers are the so-called "enteric" polymers, '
which include, for example, hydroxypropyl methyl cellulose acetate succinate (HPMCAS),
35  hydroxypropyl methyl cellulose phthalate (HPMCP), cellulose acetate phthalate (CAP),
cellulose acetate trimellitate (CAT), and carboxymethyl ethyl celluiose (CMEC). In addition,



pendi ng US Patent Application Serial No. 10/175,132, filed June 18, 2002,
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25 included in the above description include carboxylic acids, thiocarboxylic acids, phosphates,

phenolic groups, and sulfonates. Such functional groups may make up the primary structure

of the polymer such as for polyacrylic acid, but more generally are covalently attached to the

backbone of the parent polymer and thus are termed "substituents." Neutralized acidic

polymers are described in more detail in commonly assigned copending US Patent

30 Application Serial No. 10/175,566 entitled "Pharmaceutical Compositions of Drugs and

Neutralized Acidic Polymers" filed June 17, 2002, the relevant disclosure of which is
incorporated by reference.

In addition, the preferred polymers listed above, that is amphiphilic cellulosic

polymers, tend to have greater precipitation-inhibiting properties relative to the other polymers

35 of the present invention. Generally those precip'itation-inhibiting polymers that have ionizable

substituents tend to perform best. In vitro tests of compositions with such polymers tend to

have higher MDC and AUC values than compositions with other polymers of the invention.
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25 the drug in solubility-improved form but no polymer. (The calculation of an AUC is a well-
known procedure in the pharmaceutical arts and is described, for example, in Welling,
"Pharmacokinetics Processes and Mathematics,” ACS Monograph 185 (1986).) More
specifically, in the environment of use, the composition of low-solubility drug and polymer
provides an AUC for any 90-minute period of from about 0 to about 270 minutes following

30  introduction to the use environment that is at least 1.25-fold that of the control composition
described above. Preferably, the AUC provided by the composition is at least 2-fold, more
preferably at least 3-fold that of the control composition.

A typical in vitro test to evaluate enhanced drug concentration in aqueous solution
can be conducted by (1) adding with agitation a sufficient quantity of control composition, that

35 s, the solubility-improved form of the drug alone, to the in vitro test medium, such as an MFD
or a PBS solution, to achieve equilibrium concentration of drug; (2) in a separate test, adding

with agitation a sufficient quantity of test composition (e.g., the composition comprising
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25  maximum flux provided by the test composition is at least about 1.5-fold, more preferably at

least about 2-fold, and even more preferably at least about 3-fold that provided by the control
composition.

Alternatively, dosage forms containing the polymer coated solubility-improved drug

form particles, when dosed orally to a human or other animal in the fasted state, provide an

30 AUC in drug concentration in the blood that is at least about 1.25-fold, preferably at least

about 2-fold, preferably at least about 3-fold, preferably at least about 5-fold, and even more

preferably at least about 10-fold that observed when a control dosage form is dosed. By drug

concentration in the blood is meant the concentration of drug in blood, in serum, or in plasma.

The control dosage form is identical to the test dosage form, except with no precipitation-

35 inhibiting polymer. It is noted that such dosage forms can also be said to have a relative

bioavailability of from about 1.25-fold to about 10-fold that of the control dosage form.
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MDC 25  precipitation-inhibiting polymer directly onto at least a portion of the surface of the drug

particles. ‘This allows the drug and precipitation-inhibiting polymef to be in direct contact with
one another, and not to be diluted relative to each other by other excipients. The coating
process also coats the drug particles without creating large (e.g., >500 um) aggregates of -
drug and polymer. The resulting polymer coated drug particles should have a mean diameter

30  of less than about 500 um, and should be free flowing so as to facilitate blending of the
polymer coated particles with other excipients.

A preferred method to coat the drug particles with precipitation-inhibiting polymer is to
spray dry the drug and precipitation-inhibiting polymer together. The term “spray drying” is
used conventionally and broadly refers to processes involving breaking up liquid mixtures or

35  suspensions into small droplets (atomization) and rapidly removing solvent from the droplets
in a container where there is a strong driving force for evaporation of solvent. This method

has particular utility when the drug particles are small (such as less than 200 microns).
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25  total solids content of the spray solution is preferably sufficiently high so that the spray
solution results in efficient production of the coated particles. The total solids content refers to
the amount of solid drug, dissolved precipitation-inhibiting polymer and other excipients
dissolved in the solvent. For example, to form a spray solution having a 5w_t% dissolved
solids content and which results in a particle having a 25 wt% drug loading, the spray solution

30° would comprise 1.25 wt% drug, 3.75 wt% precipitation-inhibiting polymer and 95 wt% solvent.
To achieve good yield, the spray solution preferably has a solids content of at least 3 wi%, -
more preferably at least 5 wt%, and even more preferably at least 10 wt%. Given the wide
range of precipitation-inhibiting polymer molecular weights that may be chosen, the best
solids content can vary widely from less than 1 wt% to more than 30 wt%. However, the

35  solids content should not be too high, or else the spray solution may be too viscous 1o

atomize efficiently into small droplets.
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25 simply the drug and polymer, the dosage form may include one or more excipients.

Excipients may be utilized to formulate the drug and polymer into tablets, capsules,
suspensions, powders for suspension, creams, transdermal patches, depots, and the like.

One very useful class of excipients is surfactants. Suitable surfactants include fatty

acid and alkyl sulfonates; commercial surfactants such as benzethanium chloride

30 (HYAMINE® 1622, available from Lonza, Inc., Fairlawn, N.J.); DOCUSATE SODIUM

(available from Mallinckrodt Spec. Chem., St. Louis, MO); polyoxyethylene sorbitan fatty acid

esters (TWEEN®, available from ICl Americas Inc., Wilmington, DE); LIPOSORB® P-20

(available from Lipochem Inc., Patterson NJ); CAPMUL® POE-0 (available from Abitec Corp.,

Janesville, W), and natural surfactants such as sodium taurocholic acid, 1-palmitoyl-2-oleoyl-

35  sn-glycero-3-phosphocholine, lecithin, and other phospholipids and mono- and diglycerides.

Such materials can advantageously be employed to increase the rate of dissolution by

facilitating wetting, thereby increasing the maximum dissolved concentration, and also to
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Examples of disintegrants include sodium starch glycolate, sodium carboxymethyl
25 cellulose, calcium carboxymethyl cellulose, croscarmellose sodium, crospovidone
(polyvinylpolypyrrolidone), methyl cellulose, microcrystalline cellulose, powdered cellulose,
starch, pregelatinized starch, and sodium alginate.
Examples of tablet binders include acacia, alginic acid, carbomer, carboxymethyl
cellulose sodium, dextrin, ethylceilulose, gelatin, guar gum, hydrogenated vegetable oil,
30 hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, methyl
cellulose, liquid glucose, maltodextrin, polymethacrylates, povidone, pregelatinized starch,
sodium alginate, starch, sucrose, tragacanth, and zein.
Examples of lubricants include calcium stearate, glyceryl monostearate, glyceryl
palmitostearate, hydrogenated vegetable oil, light mineral oil, magnesium stearate, mineral
35 oil, polyethylene glycol, sodium benzoate, sodium lauryl sulfate, sodium stearyl fumarate, .
stearic acid, talc, and zinc stearate.
Examples of glidants include silicon dioxide, talc and cornstarch.



For exanple, if the spray solution contains 10 wt % drug, the drug
preferably has a solubility of less than 0.5 W% nore preferably | ess than
0.1 wt % wodoevwemsore preferably | ess than 0.05 wt % i npCiraBz05v@m64
Preferred solvents include al cohols such as nethanol, ethanol, npropanol,

i so- propanol, and butanol; ketones such as acetone, nethyl ethyl ketone and
met hyl 1so- butyl ketone; esters such as ethyl acetate and propyl acetate;
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25 Alternatively, the drug and polymer may be delivered using a coated osmotic
controlled release dosage form. This dosage form has two components: (a) the core which
contains an osmotic agent and the coated drug particles; and (b) an outer coating surrounding
the core, the outer coating controlling the influx of water to the core from an aqueous
environment of use so as to cause drug release by extrusion of some or all of the core to the

30 environment of use. The osmotic agent contained in the core of this device may be an
aqueous-swellable hydrophilic polymer, hydrogel, osmogen, or osmagent. The outer coating
surrounding the core is preferably polymeric, aqueous-permeable, and has at least one
delivery port.

Alternatively, the drug and polymer may be delivered via a coated hydrogel controlled

35 release dosage form having three components: (a) a drug-containing composition containing
the coated drug particles, (b)a water-swellable composition wherein the water-swellable

composition is in a separate region within a core formed by the drug-containing composition
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EXAMPLES

25 Coated Crystals 1 (CC-1)
In this example, ziprasidone hydrochloride monohydrate crystals were coated with the

precipitation-inhibiting polymer hydroxypropyl methyl cellulose acetate succinate (HPMCAS)
to form particles of a solubility-improved drug form at least partially coated with a
brecipitation—inhibiting polymer.

30 A microcentrifuge dissolution test was performed to verify that ziprasidone
hydrochloride monohydrate is a solubility-improved form of ziprasidone. For this test, a
'sufficient amount of ziprasidone hydrochloride monohydrate was added to a microcentrifuge
test tube so that the concentration of ziprasidone would have been 200 pgA/mL, if all of the
ziprasidone had dissolved. The tests were run in duplicate. The tubes were placed in a 37°C

35 temperature-controlled chamber, and 1.8 mL MFD solution at pH 6.5 and 290 mOsm/kg was
added to each respective tube. The samples were quickly mixed using a vortex mixer for

about 60 seconds. The samples were centrifuged at 13,000 G at 37°C for 1 minute prior to



mechani sms such as conpl exation, formation of inclusion conpl exes,
formation of mcelles or adsorbing to the surface of solid drug; These
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cal cium stearate, glycer%l npnostearate, gllyceryl : 120
‘ 1200 2 2000
0 0 0
4 14 30
Ziprasidone 10 15 110
hydrochloride 20 20 280
monohydrate 40 22 700
90 18 1,700
1200 9 16,400
16 ‘ The concentrations of ziprasidone obtained in these tests were used to determine the

maximum dissolved concentration of ziprasidone (“MDCg") and the area under the

concentration-versus-time curve (“AUCg") during the initial ninety minutes. The resuits are

shown in Table 2.
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20  polymer/acetone solution. Next, a re-circulation pump (Yamada air actuated diaphragm pump
model NDP-5FST) was used to move the suspension to a high-shear in-line mixer (Bematek
mode! LZ-150-6-PB multi-shear in-line mixer) equipped with a series of rotor/stator shear
heads to break up any remaining drug crystal agglomerations. The high shear mixer was
operated with a setting of 3500 + 500 rpm, for 45-60 minutes per 20 kg solution. The re-

25  circulation pump preésure was 35 £ 10 psig.

The suspension was then pumped using a high-pressdre pump to a spray dryer (a
Niro type XP Portable Spray-Dryer with a Liquid-Feed Process Vessel (“PSD-1"), equipped
with a pressure nozzle (Spraying Systems Pressure Nozzle and Body) (SK 74-20). The PSD-
1 was equipped with a 5-foot 9-inch chamber extension. The chamber extension was added

30 tothe spray dryer to increase the vertical length of the dryer. The added length increased the
residence time within the dryer, which allowed the product to dry before reaching the angled
section of the spray dryer. The spray dryér was also équipped with a 316 SS circular diffuser

plate with 1/16-inch drilled holes, having a 1% open area. This small open area directed the
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a diameter that is smaller than Dgg.

In Vitro Dissolution Test

This describes an in vitro membrane permeation test, used to demonstrate that the

coated crystals CC-1 provided concentration-enhancement of ziprasidone in vitro. An

15  Accurel® PP 1E micreporous polypropylene membrane was obtained from Membrana GmbH
(Wuppertal, Germany). The membrane was washed in isopropyl alcohol and rinsed in
methanol in a sonicating bath for 1 minute at ambient temperature, and then allowed to air dry

at ambient temperature. The feed side of the membrane was then plasma-treated to render it
hydrophilic by placing a sample of the membrane in a plasma chamber. The atmosphere of

20 the plasma chamber was saturated with water vapor at a pressure of 550 mtorr. A plasma
was then generated using radio frequency (RF) power inductively coupled into the chamber

via annular electrodes at a power setting of 50 watts for 45 seconds. The contact angle of a

drop of water placed on the surface of the plasma-treated membrane was less than about

40°. The contact angle of a drop of water placed on the permeate side of the same

25  membrane was greater than about 110°.



In this exanpl e, ziprasidone hydrochl oride nonohydrate crystals were coated
with the precipitation-inhibiting polynmer hydroxypropyl nethyl cellul ose
acet at e swociessakessg HPMCAS) to form particles of a sol ubipcirtig2dospr2osed dr ug
format |east partially coated with a precipitation-inhibiting polynmer. A
m crocentrifuge dissolution test was pergarmed to verify that ziprasidone
hydr ochl ori de nonohydrate is a solubility-inproved form of ziprasidone. For
this test, a 'sufficient anount of ziprasidone hydrochl ori de nonohydrate
was added to a microcentrifuge test tube so that the concentration of

zi prasi done_woul d,hay . heedsef waé/faamedl by allingot wﬁpmznqartaélmﬂ% tharkd

di ssol ved. The tests were run in du t The %zgil_{ dSljnn a 37C
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concentrations ,of zipr SIdO e obt.ai pe

det er ni né® thg eﬂé?ﬁe%'& PSEB1V ereP % geg ?”&tré"%e&%?ﬁ Zi p‘?ga}gl% r?:aég s bOa'jS()e’
the area undeon-sdrkefomomo&hvdf@tﬁldﬂm méllegl!ﬁl t foniscygsyadded AU(‘LQG’ e dif7 sgutioe

initial ni netpyevmj E&%nbea—h&n&@%' &f PRAr RILGEHO¥Shtdikingl 2B IntM 2odlBlaarozhdi h%&ﬂ
results show t hat 7zjpras

that was 1 12p%I'¢ PMagf b?%m%lf}x'ﬁ SPWgc?rP'géDhB%Ds m/c’a?lecl Ogsn A%&%%Cit was
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is.a sol léB N Idmé HaHEfch}(\%q f'lﬂé 'f@egfso%h&hr \ﬁa%' rﬁ'Q&?usmg a vortex mixer for 1 minute. Before

the membrane contacted the feed solution, 5 mL of 60 wt% decanol in decane was placed

and

into the permeate reservoir. Time zero in the test was when the membrane was placed in
contact with the feed solution. A 50 mL aliquot of the permeate solution was collected at the
times indicated. Samples were then diluted in 250 mL IPA and analyzed using HPLC. The
25  results are shown in Table 4.
Control 1A
Control 1A consisted of crystalline jet-milled ziprasidone hydrochloride monohydrate
(Control 1A) alone, in MFD solution, and a sufficient amount of material was added so that the
concentration of drug would have been 100 ugA/mL, if all of the drug had dissolved.
30 Control 1B
Control 1B consisted of crystalline ziprasidone free-base alone, in MFD solution, and
a sufficient amount of material was added so that the concentration of drug would have been

100 pgA/mL, if all of the drug had dissolved
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The maximum flux of drug across the membrane (in units of pgA/em?-min) was

determined by performing a least-squares fit to the data in Table 4 from O to 60 minutes to

5  obtain the slope (CC-1: 0.26 pgA/mL-min; Control 1A: 0.13 pgA/mL-min; Control 1B: 0.07



coated crystals fornmed by this process were collected in a cyclone, then
post-dried using a Guenberg single-pass convection tray dryer operating at
400C f or wWohoawmr494The properties of the coated crystal spaftiBrooseomdary
drying were as follows: TABLE 3 In Vitro Dissolution Test This describes an
in vitro menbrane perneation test, used 39 denonstrate that the coated
crystals CC-1 provided concentration-enhancenent of ziprasidone in vitro.
An Accurel (r) PP 1E m croporous pol ypropyl ene menbrane was obtai ned from
Menbrana GrbH (Wippertal, Germany). The menbrane was washed in isopropyl

al cohol and j}, A‘@E%.h)n n{ﬁﬁ@#)ﬁa%e kidpét b Qi gamea@ WAl {50mLf i I’c]iWicﬁ*gakby awbi ent
t enperature, t hen al

ient te f eed
ST b of the MeMBrRERLe ch TP aitie o s e P SHmRTRE iR 178 by
pl aci ng a sampt teQhaxinhen fiendsrziprasidone aquﬂgaéhrmmrmanabeproquihbbxaﬂﬁmﬁ@fmh@h@ of the
plasma chambes. pas. iﬁowtgét%ﬂovwe& By BB 14, 3RQB. 78bid thaPhBRa S Rhr&2B. ntorr. A
pl asma was then genérated using radio frequency (RF) power "i nductively
coupled ifato the chanber via annular elBBLEZdes at a power setting of 50
watts for 45 seconds.[ The contact angl e of a drop [oMaauerFiyl aced on t he
surface of the plasnmg-treated penbrane . | ess than 0f The contact
angl e of a drop of er?pPced on tEBW%%VW%ate sidgﬂglggﬁgésane menbr ane
was greater than about 110.A pnrneate reservoi r was(Hfodfoméehidy| gl ui ng a
sanpl e of the plasna- |?“Ma Anflegss tjube havinmg—an i nside
di anmeter of about 1 ijnch (2.54|c ing an epoxy-ibased gl ue {LOCTI TE(r)
E-30CL HYSOL(r) from Henkgl, L0"tﬂ?@$€%F%WmRHH%VmH|II, gognect { cut). The
feed-side of the menbfang was D FrioRéHy@teSdystdadoated was on the putside of the
perneate reservoir, ile the Jern%ﬁgg@®k9%4$% t he menbrane was oriented so
that it was on the inside of the reservoir. e_eflfective nenprane area of
the menbrane on the perneate reser@Qustelingst-maillesut 4. 9 cn2. The| perneat e
reservoir was placed | Qu@ 18! RSSipl886he' IBaRENMGde: [The beagd reservoir was
equi pped with a magnetic stir bar and the reservoijr was placed on a stir
plate and the stir rate was setf to 16@”?%W?ﬁurlng the test. The apparatus
was placed into a chapber nmai nt atrpediiretzipgas@ohefred e duration of the test.
Further details of the Gog%e Bpparatus apg, protocolls ar@%resented in
co-pending U S. Patent Application Serial No. 60/557 897 entitled "Method
and Device for Evaluation of Pharmaceutical Conpositions,” filed March 30

2004 (attorney DocdgteqNpystaR@2@268) . i ncor porat ed hereln by reference.
formthe feed soluflon 1. 429 e of Y=Y
into a feed reser6ISas ?f@f%fécéae Hgyéﬁq‘f?f'd%&“hygra TITiIC87 8 4 %'th\,\%g a%\?lg?e dr ug,

reported as tohBPMCAS (BAGAT-HF, Shin Etsu) using the procedures outhned for CC-1, except that the
10  ziprasidone hydrochloride monohydrate was not jet milled prior to coating. The coated

crystals contained 39.7 wt% ziprasidone hydrochloride monohydrate. The properties of CC-2

are given in Table 6.

TABLE 6
Parameter Value
Morphology Irregular spheres with evidence of crystalline
particles
Mean particle diameter (um) 42
*Dvyo, DVsg, DVgo (HM) , 13, 38,76
Span (Dgs-D10)/Dso 1.6
Bulk specific volume (cc/g) 3.3
Tapped specific volume (cc/g) 2.2
Hausner ratio 15
15 An in vitro membrane permeation test was performed using the procedures outline for

. CC-1 to demonstrate that the coated crystals CC-2 provided concentration-enhancement of



non-salt form non-hydrate drug nolecule.) To this was added 5 nL of the
MFD sol ution previously described, consisting of PBS solution containing
7.3 mM sostoemdiawsechol i c acid and 1.4 nM of PCT/IB2005/002704

1- pal m toyl - 2- ol eyl - sn-gl ycer o- 3- phosphochol i ne (0.5% NaTC/ POPC). The
concentration of ziprasidone in the feedssolution would have been 100
nmg/mL, if all of the drug had dissolved. The feed solution was m xed usi ng
a vortex mxer for 1 minute. Before the nenbrane contacted the feed
solution, 5 nL of 60 wt% decanol in decane was placed into the perneate
reservoir. Ti, s ol BEnik @Showsaite WREEhtileh GRIKY iABR paRteaR SNGth disus
contact with feed solution. A 50 nL aliquot of the perneate solution
was col | ect eélmat the tines indicated. Sanples were then diluted in 250 nL
| PA and anal yzed gwshtigg2HPLC. The results are shown in Table 4. Control 1A
o O 2 COnS! St cBhSLAL d A EEL Db R RhRRAIRORN MY acblel sre

nmonohydrate (Contr sol ution d a sufficient anpunt of

materi al fas aldeledd MEDt prittiophand @né‘é‘f*ﬁ‘-‘r”éﬁ”&ﬂﬁ'“bf’f draiRyialviEe Paded §°pBah thFoo

mgA L, i f o alol, Qb diBe o Pl AhaIE 884 108 dgARRNI BIObS tHSIG®RAT dMsolldd. consi st ed
of crystalline ziprasidone free-base a QREE 7 N MFD sol ution, and a

sufficient anount of material was adde hat the concentration of drug
woul d have been 100 ngfmicmulatonal ITired (miihe dDogcdmadhodl(Wdhv)edTABLE 4 The
maxi mum flux of drug agress—the—frembrane (T unrtsggf —gATnR-mn) was

determ ned by performng a | eastysquares fit to thp data in [Table 4 fromO
to 60 minutes to obtaim the slope (C&1: 0.26 ngA/ht-nin; Control 1A: 0.13
ngA/ mL-mi n; Control 1Bi 0. 07ngA/ fC-mig), (Ul ti pl yiqa@ t he sl ope by the
perneate volume (5 nL),| and divi ding_by the-perbrage—-area—(4. 9 cn). The
results of this analysiis are sunpari 5¢d ip Table g §nd show it hat the

maxi mum f | ux of zi prasi d,onecizhrmgh the m=nbrane p‘a5(2w ded by t he
formulation of CC-1 was 2.0-fold L..afz oyi-ded—byggntrot—iA, and 3.7-fold
t hat provided by Contr¢l 1B. TABLE 5 8:0 pd Crystals 2 (CC-2) Crystals of
zi prasi done hydrochl orijde nonohydr at‘EBO\Nere coated 4% h the "HF" grade of
HPMCAS ( AQOAT- HF, Shin|Etsu) usi g t33@ procedures sgut i ned fjor CC- 1, except
that the ziprasi done hydrochl ori gde_mpnohydrate was_not jet-njilled prior to
coating. The coated crystals contai n@& 39 7 wt%2|5[§ra5| done hydrochl ori de
nonohydrate. The propenires of CC-2 are given in Table 6. TABLE 6

20 52
: 40 8.1
60 10.0
Control 2 90 114
120 12.9
180 18.1
240 20.9
360 22.6

The maximum flux of drug across the membrane was determined by performing a

10  least-squares fit to the data in Table 7 from 0 to 60 minutes to obtain the slope (CC-2: 0.32

pgA/mL-min; Control 2: 0.16 pgA/mL-min), multiplying the slope by the permeate volume (5

mL), and dividing by the membrane area (4.9 cm?). The results of this analysis are

summarized in Table 8. These data show that the maximum flux of ziprasidone through the
membrane provided by the formulation of CC-2 was 2.0-fold that provided by Control 2.



An in vitro nmenbrane perneation test was performed using the procedures
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ziprasidone tosylate, corresponding to a weight ratio of HPMCAS to ziprasidone tosylate of

10  0.92.

An in vitro membrane permeation test was performed using the procedures outline for

CC-1 to demonstrate that the coated crystals CC-3 provided concentration-enhancement of

ziprasidone in vitro. Table 9 shows the concentration of drug in the permeate solution versus

time.
15

Control 3

Control 3 consisted.of crystalline ziprasidone tosylate (Control 3) alone, in MFD

solution, and a sufficient amount of material was added so that the concentration of drug

would have been 100 pgA/mt, if all of the drug had dissolved.

TABLE 9
Formulation | Time (min) Concentration (pgA/ml)
CC-3 0 0.0
20 14.4
40 23.9
60 28.3
90 31.7 .
120 349
180 384




ngA/ mL.-m n; Control 3: 0.04 nmgA/nL-min), multiplying the slope by the
pernmeate volune (5 nL), and dividing by the nenbrane area (4.9 cnR). The
resul ts oWot2bicp2agaal ysis are summari zed in Tabl e 10 andpshmaBedoked27éshe

maxi mum fl ux of zi prasidone through the nenbrane provided by the

formul ation of CC-3 was 12-fold that prayt.ded by Control 3. TABLE 10 Coated
Crystals 4 (CC-4) In this exanple, sildenafil citrate, a

sol ubi l'ity-inproved formof sildenafil, was coated with the

preci pitation-inhibiting poI ymer HPMCAS to formparticles of a

sol ubi I'ity-inproved dr gt bRt *rﬁ%s(hm‘?ar[&éﬂcieb(tré?@@&@ﬂ/n\!mtI” a

preci pitation-inhibitipg polynmer sprayl drying process-wasg used to form
particles of sildenafi] citrate coa?é@ vvlth HPI\/CAéZBas foll gws. The CC-4
formul ati on contained /5 w % si ||{dengba | CI trate cwsed vvltht he
precipitation-inhibiting pol yrrer—HP%"’"‘S HG \nwﬂ. H&S—ranufgct ured by Shin
Etsu). First, a spray suspensi on or ned cont ai ?u ng 50 g isil denafil
citrate, 16.65 g HPMCAS-HG and |266.6 ¢ ajcetone THe acet ong and HPMCAS- HG
were conbined in a confainer and—m Fwith—atopgwunted Tixer, dissol ving
the HPMCAS in the acetpne. Sildenafil citirate was added tao tlhe pol yner
solution to forma suspension of| thet®rug| crystal s;6 and ni xijng conti nued
with a top-nounted m xpr as describegh forf CC-1. AZzm-circuldtion punp was
used to nove the suspension to hi r1h shelar—in '-nnmxer. The hi gh shear

m xer was operated wWith a sgfiti ng of Q5000 rpm for 67 m nut e§. The

suspensi on was then pupped usi ng a negh- pressure puep to theg spray drier
described in CC-1. The| PSD-1 was 'BUpcu w-th—a—8~nch—chanber extension.
The suspension was del|vered to [a Spraying Systens pressure [nozzle SK 76-16
at -about 160 g/min at A pressure of 24bout| 200 psi 10-brying gds (e.g.,
nitrogen) was delivered througha}zhe aghffuser pratgzegWw th an |i nl et

tenperature of 105C. The evaporated solvent and wet _drying-gas exited the
spray drier at a tenpefature of W8C3%he toated criyétals forjmed by this
process were collected Th a cycl one, then post-dried using a G uenberg

si ngl e- pass convection tray. dr f : :
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TABLE 10

Maximum Flux of

Sample Formulation Ziprasidone

(ng/cm-min)

52 wt% ziprasidone tosylate

CC-3 crystals coated with 0.48
HPMCAS-HF
Crystalline ziprasidone
Control 3 ¥ 0.04
tosylate
10 Coated Crystals 4 (CC-4)

In this example, sildenafil citrate, a solubility-improved form of sildenafil, was coated
with the precipitation-inhibiting polymer HPMCAS to form particles of a solubility-improved
drug form at least partially coated with a precipitation-inhibiting polymer.

A spray drying process was used to form particles of sildenafil citrate coated with .

15 HPMCAS, as follows. The CC-4 formulation contained 75 wt% sildenafil citrate coated with



tubes were placed in a 370C tenperature-controll ed chanber, and 1.8 nL of
deuterated PBS solution at pH 6.5 and 290 ng sm kg, with

3- (tri metwgl2sedoghdspr opi oni c-2, 2, 3,3-d 4 acid, sodi um salPCT{Z8H0027¢4
deuterated NWR reference standard), was added. The sanples were quickly

m xed using a vortex m xer for 60 secondsgg. The suspension was then

imedi ately transferred to an 8 mm gl ass NMR tube and acqui sition was
started as soon as possible. Proton spectra of the sanple were recorded at
300. 070 MHz on a Varian Gem ni 2000, 300 MHz NMR equi pped with a Nalorac 8
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r

stearate and mnutes in a 16 quart V- bl ender . Next, the
i ngredi ents were imVireDiseelttiondestd using a Vector T F nmini roller- corrpact or,
then mlled using e Fiohig®ahd é‘r%stﬁ@%f rad-h.. alﬁl B@J;tblyne g dldrieg(Coaind! 4)Niveig
conposition was bl ended an addl tional 10 nin I}O sho”at'né]c' 0884 gpge%l um
st ear at e200. PEAIYReR USRS 2 GET mﬁ?&?“? KRRVt 1S W r OB 8 % g'?}al nfor 5
m nut es. concentration-enhancement. In this test, 3.276 mg of the coated crystals CC 4, or 2. 542 mg
of Control 4 (sildenafil citrate alone), was added to microcentrifuge tubes in duplicate. The
tubes were placed in a 37°C temperature-controlled chamber, and 1.8 mL of deuterated PBS
solution at pH 6.5 and 290 mOsm/kg, with 3-(trimethylsilyl)propionic-2,2,3,3-d, acid, sodium
25  salt (“TSP”"; a deuterated NMR reference standard), was added. The samples were quickly
mixed using a vortex mixer for 60 seconds. The suspension was then immediately
transferred to an 8 mm glass NMR tube and acquisition was started as soon as possible.
Proton spectra of the sample were recorded at 300.070 MHz on a Varian Gemini
2000, 300 MHz NMR equipped with a Nalorac 8 mm indirect detection probe. The sample
30 temperature was maintained at 37°C in the probe and the spectra acquired using a 90° pulse
width and 14 second pulse delay (delay > 5™ gng or standara)- 1€N consecutive free induction
decay signals (FIDs) were collected to determine the concentration, with each FID consisting
of 120 pulses (30 minutes per FID). The listed time for each concentration result (i.e., FID)
was calculated from the time the PBS solution was added to the solid sample until half of the
35  time the FID had been acquired. For example, when the second FID was recorded for a
sample that was started 5 minutes after the addition of PBS, the time listed for the NMR result

was 50 minutes (5 min + 30 min [time for the first FID result] +1/2 of 30 min [time of second
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anounted to 7.8 wt% of the core weight. Each tablet of DF-3 contained 40
ngA of zi prasi done. Dosage Form DF-4 Dosage Form DF-4 was prepared using
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10.2 wt % of the core weight. Each tablet of DF-4 contained 40 ngA of

zi prasi done. Dosage Form DF-5 . Dosage Fogpm DF-5 consisted of a matrix
sust ai ned-rel ease tabl et nmade using coated crystals CC-2. The matrix

tabl ets consisted of 42 wt% of the coated crystals CC-2, 42 w% sorbitol,
15 wt % HPMC ( K100LV), and 1 wt % nagnesi um stearate. The tablets were
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sust ai ned- r eli®psdents were blended an additional 10 minutes, the magnesium stearate was added, and

2

20  the mixture was blended again for 5 minutes.

Preparation of Tablet Cores

Bilayer tablet cores were manufactured using an Elizabeth-Hata trilayer press
combining 453 mg of the drug-containing composition and 227 mg of the water-swellable
composition using 7/16-inch standard. round concave (SRC) plain-faced tooling. The tablet

25  cores were compressed to a hardness of about 8 kiloponds (kp). The resulting bi-layer tablet
core had a total weight of 680 mg and contained a total of 40 mg active ziprasidone.

Application of the Coating

Coatings for the tablet cores were applied in a Vector LDCS-20 pan coater. The

coating solution for DF-1 contained cellulose acetate (CA 398-10 from Eastman Fine

30  Chemical, Kingsport, Tennessee), polyethylene glycol (PEG 3350, Union Carbide), water, and
acetone in a weight ratio of 6.8/1.2/4/88 (wt%). The flow rate of the inlet heated drying gas of

the pan coater was set at 40 ft*/min with the outlet temperature set at 25°C. Nitrogen at 20

psi was used to atomize the coating solution from the spray nozzle, with a nozzle-to-bed
distance of 2 inches. The pan rotation was set to 20 rpm. The so-coated tablets were dried

35 16 hr at 40°C in a tray-drier. The final dry coating weight amounted to about 8.1 wt% of the

tablet core. One 900 pm diameter hole was laser-drilled in the coating on the drug-containing



matri x tablet contained at total of 40 ng active ziprasidone. Dosage Form
DF-8 A bilayer osnotic dosage form containing coated crystals of
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dried 16 hr ‘atystd®Cd-n aAh¢ malietdbiets consisted of 42 wt% of the coated crystals CC-2, 42 wi%
' 20  sorbitol, 15 wit% HPMC (K100LV), and 1 wt% magnesium stearate. The tablets were

prepared by first blending the coated crystals, sorbitol, and HPMC in a twin-shell blender for

20 minutes, milling using a Fitzpatric M5A mill, and then blending in the twin-shell blender for

an additional 20 minutes. The magnesium stearate was then added and the mixture blended

again for 5 minutes. The tablets were manufactured using an F press using 555.5 mg of the |
25  mixture using 11-mm SRC plain-faced tooling. The tablet cores were compressed to a

hardness of about 11 kp. The resulting sustained-release matrix tablet contained a total of 80

mg aclive ziprasidone.

Dosage Form DF-6

Dosage Form DF-6 consisted of a matrix sustained-release tablet made using coated

30 crystals CC-2. The matrix tablets consisted of 30 wi% of the coated crystals CC-2, 29 wt%
spray-dried lactose, 40 wt% PEO WSRN-10 (100,000 daltons), and 1 wt% magnesium
stearate. The tablets were prepared by first blending the coated crystals, lactose, and PEO in

a twin-shell blender for 20 minutes, milling using a Fitzpatric M5A mill, and then blending in

the twin-shell blender for an additional 20 minutes. The magnesium stearate was then added

35 and the mixture blended again for 5 minutes. The tablets were manufactured using an F

press using 381 mg of the mixture using caplet-shaped tooling with dimensions 0.30 inches.



The final dry coating weight anobunted to about 10.35 wt % of the tabl et
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f or m of the ingredients were blended again for4 mlnutes

Preparation of the Water-Swellable Composition

To form the water-swellable composition, the following materials were blended: 65.0

wi% PEO WSR coagulant, 34.3 wt% sodium chloride, 0.5 wt% magnesium stearate, and 0.2

25  wi% Blue Lake #2. All ingredients except magnesium stearate were combined and blended

for 20 minutes, passed through a 20 mesh sieve, and blended again for 20 minutes. The
magnesium stearate was added, and the mixture was blended for 4 minutes.

Preparation of Tablet Cores

Bilayer tabiet cores were manufactured using an F press combining 453 mg of the
30 drug-containing composition and 227 mg of the water-swellable composition with 7/16-inch
SRC tooling. The tablet cores were compressed to a hardness of about 11 kp. The resuiting
bi-layer tablet core had a total weight of 680 mg and contained a total of 40 mg active
ziprasidone.
Application of the Coating

35 Coatings for the tablet cores were applied in a Vector LDCS-20 pan coater. The
coating solution contained CA 398-10, PEG 3350, water, and acetone in a weight ratio of

4.25/0.75/2.5/92.5 (wt%). The flow rate of the inlet heated drying gas of the pan coater was
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additional 3 minutes. The dry blend was then roller compacted using a Vector Feund TF Mini

roller compactor with “S” rolls, using a roll pressure of 390 to 400 psi, a roller speed of 3-4

20  rpm, and a screw speed of 4-6 rpm. The roller compacted ribbons were then milled using the

Fitzmill M5A. The milled material was then returned to a twin-shell blender and blended for

10 minutes, at which time the remaining magnesium stearate was added and the mixture

blended for an additional 3 minutes. The tablet cores were then formed using a Killian T100

tablet press using 0.2838-inch by 0.5678-inch modified oval tooling. A coating was applied to

25  the tablet core using the procedures outlined for DF-1, except that the coating solution

contained CA 398-10, PEG 3350, water, and acetone in a weight ratio of 4.5/1.5/5/89 (wt%),

and amounted to 7.5 wt% of the core weight. Each tablet of DF-9 contained 40 mgA of
ziprasidone.

The terms and expressions which have been employed in the foregoing specification

30 are used therein as terms of description and not of iimitation, and there is no intention, in the

use of such terms and expressions, of excluding equivalents of the features shown and

described or portions thereof, it being recognized that the scope of the invention is defined

and limited only by the claims which follow.



and(d) a maxi num concentration of said conpound in the bl ood plasm or
serumthat is at least 1.25-fold that of said control conposition. 10. The
dosage f owonede/hbaism 1 wherein said particles at | east pertaBzosyo2ceat ed
with said precipitation-inhibiting polyner provide a maximumflux in a
menbrane perneation test that is greaterg4ghan the maxi mum fl ux provi ded by
said control conposition. 11. A process for form ng a dosage form
conprising: (a) providing a lowsolubility drug in a solubility-inproved
form (b) at least partially coating said lowsolubility drug with a
precipitationinhibiti ng poI ynmer to for mummsi pi tation-inhibiti ng pol ynmer
coated drug parti cI es; conbi ni ng q acl: 'Ejat I on-i QQCLI Lidng.no ol yrmer
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form of any Q&ulﬁl'it rrfb‘?ov%aﬂoq)m aher e n the | ow sol ubili ty drug is ziprasidone
or a pharnaceutica accept abl e s | t w‘g{eof 15. The ess of claim1l
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accept abl e salt tI3er eoffhe dosage form of claim 1 or 2 wherein at least a portion of said particles
are completely coated by said precipitation-inhibiting polymer.
4. The dosage form of claim 1 or 2 wherein at least a portion of said drug is
present as aggregated particles bound together by said precipitation-inhibiting polymer.
15 5. The dosage form of claim 1 wherein said particles have a mean particle size
of less than about 100 microns.
6. The dosage form of claim 1 wherein said solubility-improved form of said
drug comprises a cyclodexirin.
7. The dosage form of claim 1 wherein a weight ratio of said polymer to said
20  drugis atleast 0.11.
8. The composition of any one of claims 1-2 wherein said particles at least
partially coated with said precipitation-inhibiting polymer, when administered to said in vitro

use environment, provide at least one of

(a) a maximum dissolved concentration of said drug in said use
25 environment that is at least 1.25-fold that provided by said control composition; and
(b) a concentration of said compound in said use environment versus

time area under the curve (AUC) for any period of at least 90 minutes between the

time of introduction into said use environment and about 270 minutes following

introduction to said use environment that is at least 1.25-fold that of said control
30 composition.

9. The composition of any one of claims 1-2 wherein said particles at least
partially coated with said precipitation-inhibiting polymer, when administered in vivo, provide
at least one of

(c) a concentration of said drug versus time area under the curve (AUC)
35 in the blood plasma or serum that is at least 1.25-fold that of said control composition;

and
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(d) a maximum concentration of said compound in the blood plasma or
serum that is at least 1.25-fold that of said control composition.
10. The dosage form of claim 1 wherein said particles at least partially coated
with said precipitation-inhibiting polymer provide a maximum flux in a membrane permeation
5 testthat is greater than the maximum flux provided by said control composition.
11. A process for forming a dosage form, comprising:
(@) providing a low-solubility drug in a solubility-improved form;
(b) at least partially coating said low-solubility drug with a precipitation-
inhibiting polymer to form precipitation-inhibiting polymer coated drug particles;
10 (c) combining said precipitation-inhibiting polymer coated drug particles
with an excipient;
(d) forming said precipitation-inhibiting polymer coated drug particles and
said excipient into a dosage form.
12. The process of claim 11 wherein said step (b) is conducted by spray drying a
15  suspension comprising said precipitation-inhibiting polymer, said solubility-improved form of
said drug, and a solvent, wherein said precipitation-inhibiting polymer is substantially
dissolved in said solvent, and wherein said solubility-improved form of said drug is
substantially not dissolved in said solvent.
13. The product of the process of claim 11.
20 14. The dosage form of any of claims 1-10, wherein the low-solubility drug is
ziprasidone or a pharmaceutically acceptable salt thereof.
\ 15. The process of claim 11 or 12, wherein the low-solubility drug is ziprasidone

or a pharmaceutically acceptable salt thereof.



