Nanoparticul ate and Control |l ed Rel ease Conpositions Conprising

Aryl - Heterocycl i c Conpounds FI ELD OF I NVENTI ON The present invention
rel at es twocoompngi7si ons that are useful for the prevent ipom/speectoeisat nent of
schi zophrenia and simlar psychiatric disorders. In particular, the present
invention relates to conpositions conprising an aryl-heterocyclic

phar maceuti cal conpound, for exanple, ziprasidone. In one aspect of the

i nvention, the conposition is in nanoparticulate formand conprises al so at
| east one surface stabilizer. In another aspect, The present invention

rel ates also to novel dosage forns for the controlled delivery of an

aryl - heterocyclic pharnmaceutical conpound, for exanple, ziprasidone and to
nmet hods for the prevention and treatnment of schizophrenia and simlar
psychi atric disorders. BACKGROUND OF THE | NVENTI ON Zi pr asi done, chem cally
known as 5-[2-[4-(!, 2-Dbenzisothiazol -3-yl)-1-piperazinyl]
ethyl]-6-chloro-I, 3-di hydro-2 Hindol-2-one, is a benzothi azol yl pi perazi ne
derivative that is used as an antipsychotic agent to treat psychiatric
conditions such as schi zophreni a, hallucinations, delusions, hostility and
ot her bi pol ar disorder w thout increase of |ipids and other blood fats.

Zi prasi done has an enpirical fornmula of C2i H2i O NAGS and nol ecul ar wei ght

of 412.94 (freepnﬁf i -' shown
belomrzlpra5|done 35§Q25n1n2h#e¥%§ ggﬁparglg&ﬂ§egﬁ @83 lgﬁgffered
under the regi st er ed GOBYUHSHRE iy ey clicnGoma Il(;ﬂlll@ﬁ St ates by
Pfizer Inc. Ziprasidone is present in Gbodon(r)CapsuIes in the formof the
hydrochl oride salt of ziprasidone, 5-(2-(4-

(1, 2-benzi sot hi azol - 3-yl ) pi pera oB: chl oro-1, 3-di hydro- 2
H-|ndolg¥2 one nDnohydrochIorldEhﬁ ngﬁi@fﬁ@%fl his salt is a white to
slightly pink pdlihd@rqseﬂtammgorarelmlsttci crgnm)eitinhs théit aBOGseOCloralie yeeqantiorc al

formul a CIC2I ecu i ght of 467.42.  Geodon
Capoul o5 ar UTBHITET FHOBEAR SRR BRAPPI T dg Pagias he

present invention relates to compositions comprising an aryl—heterocychc pharmaceutical

compound, for example, ziprasidone. In one aspect of the invention, the composition is in
15  nanoparticulate form and comprises also at least one surface stabilizer. In another aspect,

The present invention relates also to novel dosage forms for the controlled delivery of an

aryl-heterocyclic pharmaceutical compound, for example, ziprasidone and to methods for

the prevention and treatment of schizophrenia and similar psychiatric disorders.

20
BACKGROUND OF THE INVENTION

Ziprasidone, chemically known as 5-[2-[4-~(1,2-benzisothiazol-3-yl)-1-piper-
azinyl]ethyl]-6-chloro-1,3-dihydro-2H-indol-2-one, is a benzothiazolylpiperazine
derivative that is used as an antipsychotic agent to treat psychiatric conditions such as

25  schizophrenia, hallucinations, delusions, hostility and other bipolar disorder without
increase of lipids and other blood fats. Ziprasidone has an empirical formula of

C,1Ho1CINLOS and molecular weight of 412.94 (free base).

The chemical structure of ziprasidone is shown below:



ng, 60 ng and 80 ng capsules. Inactive ingredients within the Geodon(r)
Capsul es include | actose, pre-gelatinized starch and magnesi um st ear at e.
Gener al dweingr/273pati ents includes oral dosage fornms Ecapsaees)r3chor
treating schizophrenia in adults dosed at 20 mlligrans (ng) tw ce a day

wi th food. H gher dosages may include dosages of 80 ng tw ce a day.

Zi prasidone is available for intramuscular injection in the form of

zi prasi done nesyl ate under the trade nanme Geodon(r) for Injection.

Geodon(r) for Injection contains a |yophilized form of ziprasi done nesyl ate
trihydrate (5-(2-(4-(l, 2-benzi sot hi azol - 3-

yl ) pi perazi nyl)ethyl)-6-chloro-I, 3-di hydro-2 Hi ndol e-2-one,

met hanesul fonate, trihydrate (enpirical forrmula: C2 IH2ICI N 40S- CH 3SO3H SH
20, nol ecul ar wei ght: 563.09). Geodon(r) fior Injection is available in a
singl e does vial as ziprasi done me§i gte-8ont ai ning 20 ng zi prasi done/ ni_.

Zi prasi done has been approved by the ; i i
for the treatnent of schizophrenia,
zi prasidone is approved for acute .-‘Laﬁlon in schizophrenic patients. The
elimnation half-life of 2|pra5|donete/ ab%ut 7 hours. Steady state plasma
concentrations are achieved within on g ee days. The bioavailability

i i food. It has been reported that
about one in twenty patients titrated up hi gh doses of Geodon(r) (360 ngy
a day) show a significant inprovenent in cognition. Zi prasidone conpounds
have been described in U S. Pat. Nos. 4,83 1,03 1; 6,110,918; 6, 245, 765;

6, 150, 366; 6, 232,304; 6,399, 777; and 6, 245,766. United States Patent Pub.
Nos. 2004/0138237 and 2004/ 0146562 di scl ose injectable depot formnulations
of zi prasi done whiprasidnnd inay bmadmmsmfepiraapérdmﬁaedosagw}fwndfférsd soleutbel i zed with
a cyclodextrln to f Sus Zi I I ctive in the
t herapeutic 5 5%?%%1““8%“6 ﬁ?%n Jif e“?rluﬁas ? eS% P%ﬁ?rzlgc hr gﬁl ggléenlcsl simlar
ment al df sopeednsin d}lﬁnﬂeﬂ%@apsglbyﬁnhé foem 0é the hpdrotlﬁkmade salt of 21pra31done 5-(2-(4-

(1,2-benzisothiazol-3-yl)piperazinyl)ethyl)-6-chloro-1,3-dihydro-2 H-indole-2-one

monohydrochloride monohydrate. This salt is a white to slightly pink powder, having a
melting point of 300 °C, an empirical formula of Cy;Hy;CIN,OS-HCI'-H,O and molecular
weight of 467.42. Geodon® Capsules are supplied for oral administration in 20 mg, 40

10  mg, 60 mg and 80 mg capsules. Inactive ingredients within the Geodon® Capsules
include lactose, pre-gelatinized starch and magnesium stearate. General dosing for
patients includes oral dosage forms (capsules) for treating schizophrenia in adults dosed
at 20 milligrams (mg) twice a day with food. Higher dosages may include dosages of 80
mg twice a day.

15

Ziprasidone is available for intramuscular injection in the form of ziprasidone

mesylate under the trade name Geodon® for Injection. Geodon® for Injection contains a
lyophilized form of ziprasidone mesylate trihydrate (5-(2-(4-(1,2-benzisothiazol-3-
yl)piperazinyl)ethyl)-6-chloro-1,3-dihydro-2H-indole-2-one, methanesulfonate, trihydrate

20  (empirical formula: Ca;Hy; CIN4OS-CH3SOsH:3H,0; molecular weight: 563.09).
Geodon® for Injection is available in a single does vial as ziprasidone mesylate containing
20 mg ziprasidone/mL. Ziprasidone has been approved by the U.S. Food & Drug
Administration (FDA) for the treatment of schizophrenia, and the intramuscular injection
form of ziprasidone is approved for acute agitation in schizophrenic patients.

25
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zi prasidone two tinmes a day and the further need to take ziprasidone after
neal s, strict patient conpliance is a critical factor in the efficacy of

zi prasi dowe 2007/2F3t r eat ment of schi zophreni a and si m | acTrasedoalo2zdbsor der s.
Mor eover, such frequent adm nistration often requires the attention of
health care workers and contributes to the high cost associated with
treatnents involving ziprasidone. Thus, there is a need in the art for

zi prasi done conpositions which overcone these and ot her problens associ at ed
with their use in the treatnent of schizophrenia and simlar psychoses.
Addi tionally, ziprasidone is practically insoluble in water. This poor
water solubility results in poor bioavailability. SUMMARY OF THE | NVENTI ON
One enbodi ment of the invention enconpasses a nanoparticul ate conposition

conprising: (A) HHeRiAHONRAI-BRGFEBlasRbnd BABSutIMBuSUSIagesisb phkhh zer . The
surface stabilizer can be adsorbed on or associated with the surface of the

nanopar t i culoasiplensiae] ashieverhwithin pepiarthiee davat Eripavprabaity REYRIASAOS P ect i ve
average parfihal @obhhh Q{(&inl &&?fot)ﬁ' af hADRUh ¢ %OQ%thMbOJMe RARRART JatiGhth at e

conposi tion nay optiona se one nore additional active

i ngredi ent stltl;&t@ifupltomhtdhe%@f @@e‘iﬂm &#00ame 2 drd showe A sigoifican NpOPHPEKit and
simlar Sycgh‘%ﬁ' c disorders and/or one or nore pharnmaceutically

accept abl e excipients. In such enbodi nents, the adm nistration of the
nanoparticul ate conposition to a subject in a fed or fasted state may be

bi oequi val ent a exhi bi t m |.ar har 4% esent
i nvention al so %?rﬁfl L CSHWB'H?dT%h%\g’breg R coglﬁé]%%l @%s haé\}?f?gﬁa first
conponent c&NXIISE 61g4ﬂ765i 650,060 61230 304 6(;3‘9937(7t7;|and6g2r4g;‘7é61| Enitedcmeai ni ng

particles d at | 0 0 isin S ulatlon of
active i ngﬁ%&‘?“éh‘tlb %q%ﬁfoﬁgg%glﬂ?‘?g@“é%%%@ ({?L Pl ta%%?ﬁ% ]E“PLhason%t
differert ratArandhneiwhdititthe aniveipialdeas congptniviasmbilizat witleast one of said
conmponent s corrprl ses zi prasidone. The particles of the at |east second
conmponent a“rYéOSP’HWEfb@“PﬁSQSPﬁB%‘?"h ed rel ease (MR) formsuch as, for
exanple, coated with a nodified rel ease coating or conprising or

incorporated in a o o ' . ,
Ziprasidone is highly effective in the therapeutic treatment of patients suffering

from schizophrenia and similar mental disorders. However, given the need to take

15  ziprasidone two times a day and the further need to take ziprasidone after meals, strict
patient compliance is a critical factor in the efficacy of ziprasidone in the treatment of
schizophrenia and similar mental disorders. Moreover, such frequent administration often
requires the attention of health care workers and contributes to the high cost associated
with treatments involving ziprasidone. Thus, there is a need in the art for ziprasidone

20  compositions which overcome these and other problems associated with their use in the

treatment of schizophrenia and similar psychoses.

Additionally, ziprasidone is practically insoluble in water. This poor water
solubility results in poor bioavailability.

25



nodified rel ease matrix material. Upon oral administration to a patient,
the conposition rel eases the one or nore active ingredients in a binodal or
mul t i nodavormemr273Such nodi fi ed rel ease conmpositi ons NMRETASAPGISIHIR
nanoparticul ate form of ziprasidone and at | east one surface stabilizer,
and may optionally conprise one or nore additional active ingredients
useful in the prevention and treatnent of schizophrenia and simlar

psychi atric disorders and/or one or nore pharmaceutically acceptable

exci pients. The first conponent of the nodified rel ease conposition may
exhibit a variety of release profiles including profiles in which
substantially all of the active ingredient contained in the first conponent
is released rapidly upon adm nistration of the dosage form rel eased

rapidly but after a tinme delgwivileRRXAETHE RAIENTION rel eased slowy over

time. In one enbodi nent, the active ingredient contalned in the first
conmponent of t h eomlg?élrﬂ@ﬁ Af ths inventiasaeompasied b pangroricaldir oeinpesitan on to a

patient. | oo t it r% /9)8%%%@1@%&%‘1% ARLA e ﬁ?ée‘é@a%ﬁ F'ﬁ%%&rf&%%@fabﬂh?& i n

whi ch at e actirve ingre a conponent o
dosage f or ncansberagdbebesianh masdoplatedboﬂntﬂlfawrﬂamnf thd nemopatentate sartldt:a drhe t he term
rofiles | act B@redlent

"del d I
€ ayen%gﬁ E%I{%I%z?qlc%lﬁe p%\gel%:s ﬁa SR fediveh ayerdee ggﬂfwsme Cﬂftlegs than 1!) :ﬁ?z 0 Yiter a

of a co sdge FEMTS T é
ti me del ay, nandht hencpatiomaté Cﬁklﬂpdisﬁﬂdn&ﬁhyl‘@t@%l@* ompdsé cmetoemzbeahdﬂeioeas e"

i ncl ude rel ease iles ich a 80% the ctive
i ngredi ent 83NE éfrgﬁeé%eﬁtsrflsﬁfugﬂ\r,f\hﬁ 8?5?“%81? aﬁtéeag]&?’g Sc% f F‘Ea? Sé%{g%rd sl ow y.
The second ggipiafiedisofiferstdae/oroed dringdte pleirmaﬁeanwmeedptabmmxamenﬁl sosuekhi bit a

variety of re|eas rofiles including an i medi ate rel ease rof|I
del ayed reISQE%?ﬁﬁﬁFﬁW%?anwgﬁ@BﬁP BF%@HWFEW@??§°HW8$?WQ§’%S Sﬁén%ﬁﬂodlnent

the secqpd ePARENSEE nfX bk Bideguitaltlelady By EaliGASHRIIRF HathRokietih] Ch the active
i ngredi ent of the conponent is released after a tinme delay. In another

enbodi ment, the second conponent exhibits a controlled release profile in

which the acti vemeggés%ﬁﬂ Bntioh akHR1IAQTH HdQHed kQedsE bERSRIIANEVingda BRE T 0d Of
about 12 to about 24 hours after adm nistration.
component comprising a first population of active ingredient-containing particles and at

least a second component comprising a second population of active ingredient-containing

15  particles, wherein each component has a different rate and/or duration of release and
wherein at least one of said components comprises ziprasidone. The particles of the at
least second component are provided in a modified release (MR) form such as, for
example, coated with a modified release coating or comprising or incorporated in a
modified release matrix material. Upon oral administration to a patient, the composition

20  releases the one or more active ingredients in a bimodal or multimodal manner. Such
modified release compositions may comprise a nanoparticulate form of ziprasidone and at
least one surface stabilizer, and may optionally comprise one or more additional active
ingredients useful in the prevention and treatment of schizophrenia and similar
psychiatric disorders and/or one or more pharmaceutically acceptable excipients.

25

The first component of the modified release composition may exhibit a variety of

release profiles including profiles in which substantially all of the active ingredient
contained in the first component is released rapidly upon administration of the dosage
form, released rapidly but after a time delay (delayed release), or released slowly over

30  time. In one embodiment, the active ingredient contained in the first component of the

dosage form is released rapidly upon administration to a patient. As used herein,

-4-



I n two-conponent enbodi nents in which the conponents exhibit different

rel ease profiles, the release profile of the active ingredients fromthe
conposi tiwo 20&7/aramedal . | n enbodi nents in which the fireCcTaso@senesshs
exhibits an i ”Mmedi ate rel ease profile and the second conponent exhibits a
del ayed rel ease profile, there is a lag time between the rel ease of active
ingredient fromthe first conponent and the rel ease of the active

i ngredient fromthe second conponent. The duration of the lag tine may be
varied by altering the anbunt and/or conposition of the nodified rel ease
coating or by altering the amount and/or conposition of the nodified

rel ease matrix material utilized to achieve the desired release profile.
Thus, the duration of the lag tine can be designed to mimc a desired

pl asma prof ¢bRased thﬁﬁ})’qgélﬁ@e@trtﬂeds@p%leé“v it whieh i lest aSAPRERSAthe@XiNDI LS an
i mredi ate rel ease profile and the second, conponent exhibits a controlled

rel ease pr ofpredientdia campongat ofithy dagrgsderan jsHelegrgd pithigyabgpepnd OB conponent s
are rel eas egeqnﬂ}ﬁ@trratﬁl)hf theleRtddlhyeR ré?c%%é”qqaudés Rel446 B TRAH WM Be adile

i mredi at e rel ease conponent serves to hasten the onset ofaction by
M ni ni zi ng olesdienimg aﬁpmm@dmfﬁhﬁs@’swelfw tsgelgased Gppigbirisloaly\afier 4 BB ve

pl asma 53”0843%% a0 W%mr& ﬁr&&%e%% @&wﬁ&ﬁ%@g@s&g@@;eléagé@faﬁ%gt s serve

to mnimze varratiron in asma concentration | evels and/ maintain a
t her apeut i cal w}yc}edtﬂ&asttalbm 8p%aa°rﬂmc avbvrcipptedigni contaited g bonponehieof dlesi ng
interval. In L Qne, such e &)g nt the active ingredient in the first
conponent |§ P 8ad SdFeFaaS& Py and the active ingredient in the second
conponent is released within a period of about 12 hours after

adm ni stration. J.n another such .enbodij e hye in redi,ent _in the
first conponent 1th Speopd SURRPIERLGT eﬂncﬁfhtggc{]rﬁgaséacctofn gsit %ng?l%%lglcsé% x1|§b¥% he second
conponent | Sarfed) (ﬁ"&éleade piolfilts Mctuddey andtineiiashelebsebotilour delabd slease profile

adm ni stration. yet anot such enbodi active ingredient in
the first c%rr?p‘i?ﬁgﬂlﬂed relegsg P’é’rél’geec}nr"ﬁ‘b?rﬂl?‘%}m&FFgEtgﬁéec%(f?WoflﬁI&r @lg)é?'l? inthe
second conpagRl réigasé floBRSE hQNueke Rtipehpedicaf ofam&npbaerhﬁslﬂ’e&a@fdtaﬁfer a

admnistration. In still another such errgodl ment ?‘ﬁ‘f acti v ld redient in
the first compéfientinagothencabedinept hedpspng semperenbexhitjig a controlled rélease

profile in which the active ingredient of the component is released over a period of about

15 12 to about 24 hours after administration.

In two-component embodiments in which the components exhibit different release
profiles, the release profile of the active ingredients from the composition is bimodal. In
embodiments in which the first component exhibits an immediate release profile and the

20  second component exhibits a delayed release profile, there is a lag time between the
release of active ingredient from the first component and the release of the active
ingredient from the second component. The duration of the lag time may be varied by |
altering the amount and/or composition of the modified release coating or by altering the
amount and/or composition of the modified release matrix material utilized to achieve the

25  desired release profile. Thus, the duration of the lag time can be designed to mimic a

desired plasma profile.

In embodiments in which the first component exhibits an immediate release
profile and the second component exhibits a controlled release profile, the active
30  ingredients in the first and second components are released over different time periods.

In such embodiments, the immediate release component serves to hasten the onset of

-5-



ingredient in the second conponent is rel eased over a period of about 24
hours after adm nistration. In yet another such enbodi nent, the active

i ngredi erwoi2notde278i rst conponent is rel eased rapidly amdTiuseoaoricoe
ingredient in the second conponent is rel eased over a period of at |east
about 12 hours after adm nistration. In still another such enbodi nent, the
active ingredient in the first conponent is released rapidly and the active
ingredient in the second conponent is rel eased over a period of at |east
about 24 hours after adm nistration. The plasma profile produced by the
adm ni stration of dosage fornms of the present invention which conprise an

i mredi ate rel ease conponent and at | east one nodified rel ease conponent can
be substantially simlar to the plasma profile produced by the

adm ni stratj.qp, 9}1‘, mhig@ézg{gt}y@{l % h'ag%gﬁﬁgﬁrati% {Pa tﬂ%l’éﬁéﬁti@ﬁ%ﬂkﬂi\%' ﬂlysmaor to the

pl asma profile pro adm ni stration of separate IR and MR dosage

forns. The poeintipiéeh levdl.aad theonapowpicisobseafent pranponeesarve faveininpighthe s
particul arly . ul o f 1 N i i i i i cal |y
adninisteré%ﬂgggL@Pﬁggg8§%E§Em?%E%ﬁgg%%%@%?ﬁ%ﬁ@“@?ﬁgﬁggﬁieggg%ﬂ?nvention

t he conposiplasmm apedantration thivegivupha dosigieteival. anlynpreuthl enrbedment, thdpohve
adm ni stration, suc anposi tj.on.produc a.pl as rofile ich

subst antél’ al ]P%r egﬁeﬁ% 2 gie'? H%tcg}é%?naefl{nlé & ! af/e(frﬁ%ﬁ@ea(ﬁl 8 IEéhnet alcagae %ﬁﬁdlﬁptslfl \rﬁget ion of two
| R doses of sezéordrcasipohieneisirdleaetoithianeeriod dffabautt 1P hoea lafter alatinerition. In

regi men. Accordin 0 anpt her _aspect of.the present invention, the

conposi tio nan(?g‘ﬁr g‘élt‘ 8‘@5?‘8’??8‘3 the, a%rvf) igEesient iy tgg ﬁﬁ?fﬂn&()rnflét it ée}‘ﬁr ARy, es or
el i m nat es ddaghy/biv@ingRaRni il thel s8soiE capaRnt ik adlé06d Whie lhpeAshefabatitedd W t h
the adm nistration of two or_nore IR q%gﬁgﬁ) orms given se tially. In

] f ¢
such enmbodi MERtaLter }pRINSEH98s I Yob ARG S 89&%?@8 i %CHV%WgT%H%EH‘Pé % rel ease

conmponefy  t Grsh@sdpBhent Reelens@tapily ARtthOaR DY inFhedidnt #Hithdscb®ifl dohiPBnddt M
adm nistration to a therapeutically effective plasm concentration |evel,
and at | easteleassd ongdi eried o abpeiddions peertivisiteai it silrogthehdfhpeutical |y

effective plasaBn&® nﬁeemi_c@ﬁ]g@aiehﬁﬂ e oMbt istrfBasEP Ry At iBE ¥@ve The
zi prasi done may be contained in
ingredient in the second component is released over a period of about 24 hours after

administration. In yet another such embodiment, the active ingredient in the first

15  component is released rapidly and the active ingredient in the second component is
released over a period of at least about 12 hours after administration. In still another such
embodiment, the active ingredient in the first component is released rapidly and the active
ingredient in the second component is released over a period of at least about 24 hours
after administration.

20

The plasma profile produced by the administration of dosage forms of the present

invention which comprise an immediate release component and at least one modified
release component can be substantially similar to the plasma profile produced by the
administration of two or more IR dosage forms given sequentially, or to the plasma

25  profile produced by the administration of separate IR and MR dosage forms. The
modified release composition of the present invention is particularly useful for
administering ziprasidone which is normally administered two times daily. In one
embodiment of the present invention, the composition delivers the ziprasidone in a
bimodal manner. Upon administration, such a composition produces a plasma profile

30  which substantially mimics that obtained by the sequential administration of two IR doses

of ziprasidone in accordance with a typical treatment regimen.
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nanoparticul ate particles which conprise also at |east one surface
stabilizer. Mddified rel ease conpositions simlar to those disclosed herein
are di sclweeado7anael ai med in the United States Patent NesT/IB2@282898 and
6, 730,325 to Devane et al. The present invention also relates to dosage
fornms made fromthe conpositions of the present invention. In one

enbodi nent, the dosage formis a solid oral dosage form conprising the
nodi fied rel ease conmposition of the present invention. The oral dosage form
may utilize, for exanple, erodable formulations, diffusion controlled
formul ati ons and osnotic controlled formulations. In such enbodi nents, the
total dose contained in the dosage formmay be release in a pulsatile or
continuous manner. In one such enbodiment, a portion of the total dose is
rel eased i medi ately to allow for rapid onset of effect, and the remainder
of the total dose is release after a lag tine or over a period of tinme up
to about 24 hourAccordingnartes agmesRiithroresontinenien difecompPriPRcalPe nj ect abl e
depot formu &%—Egh&ﬂ éb%ﬂ%é §bl'&é]n?;gx@ﬁﬁ%%hﬁh‘ie%ﬁelﬁﬁ%@ssﬂhé LQReRRN | Si ng

zi prasi done d fornmul ation slowy dissolves and rel eases the drug
into the pamlﬂf’emﬂcogcmw lavslopssocitash wig tée pirisstrpem Aitwe pemedRfogageon can
provi de eff i As{iR e for up
to 3 m)nst(:ah ﬁ)?rfné él]%# Qﬁ‘r‘%@ gl I(I\ir‘?l\la}!ehnt I o%ﬁl%g&a@ %#(Sr%'g%%l ed toe)gmn%e;aﬁ@ of
naeking a nampametdlaﬂ:we&aw onomzppnmxt t0|lrastelcthﬁrpnse$ phagtign by mgidoneg. th&tiwh net hod
conprises t tin Iat co n

zi prasi don ep Wtaam%[ls?raté rgrto ae%ﬁ Sg‘%}? Xe SctnaBP asma rggnt}atlgn Ee%el %}{H)aft llﬁ;[%gt g
under condi dsnemmlﬁdﬂfréieeseemmmI&nptbmlrdanat]ﬁratauﬂlaaﬂgdffmaplasma cul ate

t ri.si Th t h I
o ot hotls. POTTBHEER. AR RO HobeF | T CBInLD  PRS b U B 2%35

treat mend OfanSgdtiatnhpatitles wiich SinifrisablsoRutat ot safidaabilizauch net hods
conprise the step of adm nistering to a subject a therapeutically effective

Modified release compositions similar to those disclosed herein are disclosed and

claimed in the United States Patent Nos. 6,228,398 and 6,730,325 to Devane et al.

15 The present invention also relates to dosage forms made from the compositions of
the present invention. In one embodiment, the dosage form is a solid oral dosage form
comprising the modified release composition of the present invention. The oral dosage
form may utilize, for example, erodable formulations, diffusion controlled formulations
and osmotic controlled formulations. In such embodiments, the total dose contained in

20  the dosage form may be release in a pulsatile or continuous manner. In one such
embodiment, a portion of the total dose is released immediately to allow for rapid onset of
effect, and the remainder of the total dose is release after a lag time or over a period of

time up to about 24 hours.

25 In another embodiment, the dosage form is an injectable depot formulation
comprising a nanoparticulate composition comprising ziprasidone. The depot
formulation slowly dissolves and releases the drug into the patient’s circulation. A single
injection of the formulation can provide effective therapeutic plasma concentrations of
ziprasidone for up to 3 months.

30



anount of a conposition, for exanple, a nanoparticul ate conposition,
conprising ziprasidone. The conpositions and dosage fopns of the present

i nvent i orwwareoneed/al in reducing the required dosing frequarseyoctobspeby

i ncreasi ng patient conveni ence and inproving patient conpliance and,
therefore, the therapeutic outcone for all treatnents requiring ziprasidone
including but not limted to, the prevention and treatnment of schi zophrenia
and simlar psychiatric disorders. This approach can replace conventi onal

zi prasi done dosage forns, which are adm nistered nmultiple tines daily. Both
t he foregoing general description and the follow ng detail ed description
are exenplary and explanatory and are intended to provide further

expl anation of the invention as clained. OQher objects, advantages, and

novel features wy r&@ntnﬁ@e@lh&ylsmeaﬁ@aéd th A kAR il %q,aha};ahmﬁla@rt from
the foll ow ng detalled description of the inventjon. TAI LED DESCRI PTI ON

OF THE | Nvmmmtrmeompmlprpwmﬁt Puh meth bew%@dhwﬂe@fwomﬁm sever al
defini tions, %@&&1 %tQB&rHle@J: BJMS%HQQHB at 8%t ggeoéuhg@ets'talﬁ(an zeffor Hsed

her ei n, "abou e under t 0o ersons of o nar in the art
and will vapgriodef smn‘émcbncordmomsxfﬁ@mtétxprovﬁe Mﬁablhzetdtnanspamﬁ@blte If there

are usesg of t clear to persons of ordinary skill in the
: Oéﬁb;%tgﬁlomcw#gﬂ%azﬁ%rﬁg&ine

art glven nt éx Is used, "about” will mean up to plus or
m nus 10% of the particular term As used herein, "ziprasidone" includes

zi prasi done, it har maceut ac abl aci.d

net abol i t es, ﬁBﬁ@&@ﬁ d?wﬁlﬂﬁﬁm%g?]@%F%V@gﬁxﬁﬁfbﬁgwggnn%%“%fhggﬂfof their
respective BffnﬁécE’Ql %o ms:ltionahdjdeemgeﬂﬂoxhdhﬁz@ﬁhrema@ﬁdmmﬂmrmmh disoides, of two
or nore suc eoj soners. As used herein, "therapeutic ctive
orount of 7 DTS BEh e R e UeHTRSTRR @ SYSH ARE PR G REe

phar macod Ogiuﬁé\int bEs RReitbafordkatile! Heansbitiasite oRpdsRion, comprising

ziprasidone.

The compositions and dosage forms of the present invention are useful in reducing
the required dosing frequency thereby increasing patient convenience and improving
15  patient compliance and, therefore, the therapeutic outcome for all treatments requiring
ziprasidone including but not limited to, the prevention and treatment of schizophrenia
and similar psychiatric disorders. This approach can replace conventional ziprasidone

dosage forms, which are administered multiple times daily.

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

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

invention.
25
DETAILED DESCRIPTION OF THE INVENTION
The present invention is described herein using several definitions as set forth
below and throughout the application.
30 As used herein, “about” will be understood by persons of ordinary skill in the art

and will vary to some extent on the context in which it is used. If there are uses of the
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adm nistered in a significant nunber of subjects in need of the rel evant
treatnent. It is enphasized that a therapeutically effective anount of

zi prasi dowe 20éTa7173 adm ni stered to a particul ar subj ectcirnusaooeaeicbEul ar
instance will not always be effective in treating the conditions described
herein, even though such dosage is deened to be a therapeutically effective
anount by those of skill in the art. As used herein, "particulate" refers
to a state of matter which is characterized by the presence of discrete
particles, pellets, beads or granules irrespective of their size, shape or
nmor phol ogy. As used herein, "multiparticulate" neans a plurality of

di screte, or aggregated, particles, pellets, beads, granules or m xture

t hereof irrespective of their size, shape or norphol ogy. A conposition
conpri sing %p%ﬁdh&%dﬁci]%}éh%%efﬁnsd&f%?&hé??gﬂﬁ%{ﬁb Brt ?ﬁ/eﬁltﬁé%ﬁtﬁktﬁﬁwﬂcﬁm ate
conposi tion erein nanoparticul ate" ers to a

mul ti parti ciilisatsed,i“aboni] witl méra vpfté E]Gl‘@ Px/lélna%é(%@éthsa’ﬁlt“%m’éte@? .ze of the
particles therein is |less than about 2000 nm (2 microns) in dianmeter. A
conposition conprising a nanoparticulate is described herein as a

" nanoparti cul at eAcowp bsiein ‘Cnipféﬁéom‘éémlddesmijmsidmmsadltame\aiﬂeﬂsage particle
si ze" to descri 4sPa ticu ns that
at | east SO%Cmt%ﬁéal%’aalpl ScPees P}'?ir th;g 3?%13 lg¥%£?§ﬂgnge?1 %@éé ?ﬁzd:t.}lelg%{gor di ngly,
"effective adesasigef théir felslﬁﬂcﬁvessté‘:rem@ffméremluﬂimglmmtbmﬂ,tra@ﬁiﬁé)omthdrwisdj dnet er"
means that at |east 50% of .t he articles therein are | ess than about 2000
nmin di amet8or TEe dteﬁeé’ﬂsgfrlr‘?r "D50" refers to the particle size bel ow
whi ch 50% of the particles in a nmultiparticul ate faII Siml arly, "D90"
refers to the particle sjze bel ow%/ri %%QO(V o of t artigles i

mul tiparticul at eA\f el hergin, JQ@&PW@F YPRRPEYT Ao RS ﬁ’é’ SHgnE aER art| cl es,

"stabl ejg r ef&hse préwaesltﬁe $petifit bRrnaebisgeal &@%m@é forhechhe fiftasifl@eliowi ng
par anet er s: ?e particles do not_ apprecia

1mstered in a significant number of subjects in need of the relevant treatment. It is
emphasized that a therapeutically effective amount of ziprasidone that is administered to a
particular subject in a particular instance will not always be effective in treating the
conditions described herein, even though such dosage is deemed to be a therapeutically

15  effective amount by those of skill in the art.

As used herein, “particulate” refers to a state of matter which is characterized by
the presence of discrete particles, pellets, beads or granules irrespective of their size,
shape or morphology.

20

As used herein, “multiparticulate” means a plurality of discrete, or aggregated,
particles, pellets, beads, granules or mixture thereof irrespective of their size, shape or
morphology. A composition comprising a multiparticulate is described herein as a
“multiparticulate composition.”

25

As used herein, “nanoparticulate” refers to a multiparticulate in which the
effective average particle size of the particles therein is less than about 2000 nm (2
microns) in diameter. A composition comprising a nanoparticulate is described herein as
a “panoparticulate composition.”
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floccul ate or agglonerate due to interparticle attractive forces or
otherwi se significantly increase in particle size over tinme; (2) the
physi cal worueraarem3of the particles is not altered over PCIs20060e3898s by
conversion from an anorphous phase to a crystalline phase; (3) the
particles are chemcally stable; and/or (4) where the active ingredient has
not been subject to a heating step at or above the nelting point of the
particles in the preparation of the nanoparticles of the present invention.
As used herein, "poorly water soluble drug”" refers to a drug that has a
solubility in water of |ess than about 30 nmg/m, |ess than about 20 ng/m,
Iess than about 10 ng/m, or less than about 1 ng/m . As used herein,

"modi fied rel ease" includes a release which is not imedi ate and incl udes

controlled rel e%&se@ﬁteﬁd@éfetmeeﬁéege &uﬁtew@% metceaéelﬁngadetlaréed
rel ease. As used herein, "tine | a refers to the gerro of tinme between

t he admi ni stergatamanomtlcaﬂzrt@s@@es trhotr cegypla ofithypartide gre f@rspertifieche
i nvention er e of@gﬁ}g fuvé %r&%}p%ﬁgfﬁl{eisn%é[o??gsffﬂgn 5609{7:}(@0% fi cul ar

conmponent t erern efers to t time between the
rel ease of dihmemctmesss thagatéohseﬁﬂ% oF thepaotidegbaporrniesothart douvci¥Posiini on and
t he relegse .of }he active |ngred|ent from anot her conponent of the
conposrtron “R€lised herein, "erodable" refers to fornul ations which may be
wor n away, drntnrshed or deteriorated by the action of substances within

t he body. As use I rdLffusi on contr | . ed" ref

whi ch may spreadg ?ﬁg@#@éﬁ?{r ﬁQFﬁmgﬁfﬁtﬁ ﬁﬁ@ghgﬁ%%epgqﬁéianple
from a regi @ @bltipirghgste 0l Gigilady, FDMET refopdio el Iraattdlemze WoweRidh bey.eifn,
"osnotic controlled" refers t@»forgulations whi ch may spread as the result
of their moWeREHEes rmgkiraticde 1l neabl e nenbrane into a sol ution of

hi gher goncentration that tends to equalize the concentrations of the

formul ation on the tw sjides of the nenbra ., _
As used herein with reference to stable partlcles ‘stable” refers to, but is not

limited to, one or more of the following parameters: (1) the particles do not appreciably
flocculate or agglomerate due to interparticle attractive forces or otherwise significantly
increase in particle size over time; (2) the physical structure of the particles is not altered

15  over time, such as by conversion from an amorphous phase to a crystalline phase; (3) the
particles are chemically stable; and/or (4) where the active ingredient has not been subject
to a heating step at or above the melting point of the particles in the preparation of the

nanoparticles of the present invention.

20 As used herein, “poorly water soluble drug” refers to a drug that has a solubility in
water of less than about 30 mg/ml, less than about 20 mg/ml, less than about 10 mg/ml, or

less than about 1 mg/ml.

As used herein, "modified release" includes a release which is not immediate and

25  includes controlled release, extended release, sustained release and delayed release.

As used herein, "time delay"” refers to the period of time between the
administration of a dosage form comprising the composition of the invention and the
release of the active ingredient from a particular component thereof.

30
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I . Nanoparticul ate Conpositions Conprising Ziprasi done The present

i nvention provides a nanoparticul ate conposition conprising particles which
conpri se:wQApo7zizpr7asi done, or a salt or derivative ther eafrjusasvd/o¢isys at

| east one surface stabilizer. Nanoparticul ate conpositions were first
described in U S. Patent No. 5,145,684. Nanoparticul ate active agent
conpositions are described also in, for exanple, U S. Patent Nos.

5,298, 262; 5, 302, 401; 5,318,767; 5,326,552; 5,328, 404; 5, 336, 507;

5, 340, 564; 5, 346, 702; 5, 349,957; 5,352, 459; 5,399, 363; 5, 494, 683;

5,401, 492; 5,429, 824; 5,447,710; 5,451, 393; b5, 466, 440; 5, 470, 583;

5,472, 683; 5,500, 204; 5,518,738; 5,521, 218; 5,525, 328; 5,543, 133;

5,552, 160; 5,565, 188; 5,569, 448; 5,571,536; 5,573,749; 5,573, 750;

5,573, 783; 5, 5804Hu3d herenB8agd BBe" Rc2Hb HABne BetROen the Bleage ORe Rile
5,622,938; 5,628,981; 5,643,552; 5,718,388; 5,718,919; 5,747,001;

5, 834, 025; BeEdEnEPYn oge prepoasy;of e rswpoviipn gdssrebaw, of ghomptivyipgredient
6,264,922 foR6f0R8%0nBoR00BR cofpdtBn029; 6,375,986, 6, 428, 814,

6, 431, 478; 6,432, 381; 6,582, 285; 6, 592,903; 6, 656,504; 6,742, 734;

6, 745, 962; 6, 811, 767; 6,908, 626; 6, 969, 529; 6,976,647; and 6,991, 191; and

U S. Patent Publ |j i S, 2 75: 74 0 725:
20050233%01; 2od@%%%@E§E§Pé%3§%%688%§?ﬁ%ﬁﬁ%@Q§%$éggﬁg@§%68%%é%§%
2005001941 2din20500040%8p20040RSSTES pf 064025 SR thdBE¥0229038:
20040208833: 20040195413; 20040156895 20040156872: 20040141925
20040115134: 20040105889: 20040105778: 20040101566° 20040057905
20040033267; 200400838&2in, A0F4OQ1GRER 2 0F6R04 hitadia i @R0AARBALIGiread as
20030215502, 200@0% 5869: ' 20030181411: - 20030137067; 2ooggé%g616;
200300959281¢ 56846 ?@@%P“?ﬁ@?dﬁ?@%ﬁ@é‘566%@%%6?%%?“@6@ g78 ongpfy

200100586 641owArammpiittasosmal | particl e conpositions are described, for
exanple, in U S. Patent Nos. 4,783,484; 4,826,689; 4,997,454; 5,741,522,
5,776,496. As stated above, the effective average particle size of the

particles in theanas@paein Cshdtie cGRHINES rblefito Wrmulk@ioRy WEERnal B8t dson 1S

| ess than about 2000 nm(1.e., 2 mcrons) in dianeter. In enpodi ments of
the present P8l Pl BT monemert ferghascayaparsable membrane info a solution of

higher concentration that tends to equalize the concentrations of the formulation on the

15  two sides of the membrane.

I Nanoparticulate Compositions Comprising Ziprasidone
The present invention provides a nanoparticulate composition comprising particles

which comprise: (A) ziprasidone, or a salt or derivative thereof; and (B) at least one

20  surface stabilizer. Nanoparticulate compositions were first described in U.S. Patent No.
5,145,684. Nanoparticulate active agent compositions are described also in, for example,
U.S. Patent Nos. 5,298,262; 5,302,401; 5,318,767; 5,326,552; 5,328,404; 5,336,507;
5,340,564; 5,346,702; 5,349,957; 5,352,459; 5,399,363; 5,494,683; 5,401,492; 5,429,824,
5,447,710; 5,451,393; 5,466,440; 5,470,583; 5,472,683; 5,500,204; 5,518,738; 5,521,218;

25  5,525,328; 5,543,133; 5,552,160; 5,565,188; 5,569,448; 5,571,536; 5,573,749; 5,573,750;
5,573,783; 5,580,579; 5,585,108; 5,587,143; 5,591,456; 5,593,657; 5,622,938; 5,628,981,
5,643,552; 5,718,388; 5,718,919; 5,747,001; 5,834,025; 6,045,829; 6,068,858; 6,153,225;
6,165,506; 6,221,400, 6,264,922; 6,267,989; 6,270,806; 6,316,029; 6,375,986; 6,428,814;
6,431,478; 6,432,381; 6,582,285; 6,592,903; 6,656,504; 6,742,734; 6,745,962; 6,811,767,

30 6,908,626; 6,969,529; 6,976,647, and 6,991,191; and U.S. Patent Publication Nos.
20020012675; 20050276974; 20050238725; 20050233001; 20050147664; 20050063913;
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particle size may be, for exanple, |ess than about 1900 nm |ess than about
1800 nm | ess than about 1700 nm |ess than about 1600 nm | ess than about
1500 nm wessothrarzabout 1400 nm | ess than about 1300 mow/Usems/otisasn about
1200 nm | ess than about 1100 nm |ess than about 1000 nm | ess than about
900 nm | ess than about 800 nm | ess than about 700 nm | ess than about 600
nm |ess than about 500 nm |ess than about 400 nm |ess than about 300 nm
| ess than about 250 nm |ess than about 200 nm |ess than about 150 nm

| ess than about 100 nm |ess than about 75 nm or |ess than about 50 nmin
di aneter, as neasured by light-scattering nmethods, mcroscopy, or other
appropriate nethods. The nanoparticulate particles may exist in a
crystalline phase, an anorphous phase, a sem -crystalline phase, a sem

amor phous  08s®42 077; 3005083 L59e; 20080E0H12; Izoombdmci%mdzmﬁdﬂs@vmfowomvsaa
smal l er solid dosa anogartl cul ate co%os ition of th

present i n&A#GZ6H e%@%ﬂ?@?fﬁﬁg@@é@e"é‘*bﬁ gAVH1P A £QQA01 6302 QA0 W €2 el | er

doses of theozdins s Qmm@g@%ﬂ@%ﬁmw 290401015‘65%@1@05’7@@!5 20040033267;
non- nanopartl cul ate conp ositions which %I se zi prasi one I n one

enbodi nent 2(9%@%&%@%%3?“119@@@%%@9 BAT; 2UBPBLIPLAP03185He: pr esent
| nvent an s Ash Q23a0RHIIGY J0gsDRiss| & 230R5AA6R Bs L SRR@RREESI done

adm ni st er in a conventional dosage form in of enbodi nent s
nanopar t i cA082M 78T18paei20D b6 76f andi80 K03 &t Amerehaus smah pertiglsicompesiticils | | ty

that is abquf dé?df?e@r%?&p%m dgrah?xgﬁts X %o‘%aﬁ 93 4@%{%&%%48}(’)7%@9“ 10%

greater t han 7 prasidone stgre d conven sage€ form The
nanoparti cUl, &l e22.0npestdni on may al so have a desirabl e pharmacoki netic
profile as nmeasured following the initial dosage thereof to a manmalian
subj ect. The desirabl e pharmacokinetic profile of the conposition includes,
but is 100t |im tAsdtated: abéxlf), ttee fivetivefaperage parade clanef thk]pmtidssiaybﬂ i n t he

G oat or t haAP R RE PR oL BRa ST AR A b LT A2t AP hPs e dosage
by a non- nahiopas)tin aialmatee ﬁmmﬂﬂimemf tedyshent ipdgntion, thekEfdctive Z\leﬁi’gaSI done
when assay epgrt{c?e stlzrc]a%lepyl be or examp e, q‘asm]lﬂxaan a%outslggé Sr%tlegsotllan e&)ﬂoutgl 8% ma 62;[ ration

than about 1700 nm, less than about 1600 nm, less than about 1500 nm, less than about

15 1400 nm, less than about 1300 nm, less than about 1200 nm, less than about 1100 nm,

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

700 nm, less than about 600 nm, less than about 500 nm, less than about 400 nm, less

than about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150

nm, less than about 100 nm, less than about 75 nm, or less than about 50 nm in diameter,

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

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

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

25 In addition to allowing for a smaller solid dosage form size, the nanoparticulate
composition of the present invention exhibits increased bioavailability, and requires
smaller doses of the ziprasidone as compared to prior conventional, non-nanoparticulate
compositions which comprise ziprasidone. In one embodiment of the invention, the
nanoparticulate composition of the present invention has a bioavailability that is about

30  50% greater than ziprasidone administered in a conventional dosage form. In other

embodiments, the nanoparticulate composition of the present invention has a
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that is preferably greater than the AUC for the sane ziprasi done delivered
at the sane dosage by a non-nanoparticul ate conposition; and/or (3) a Tnax
for zi praspaosmn2vdten assayed in the plasma of a manmal i 20TAISRYEOL36DD] | OW Ng
adm nistration that is preferably | ess than the Tnmax for the sane

zi prasi done delivered at the same dosage by a nonnanoparticul ate
conposition. In an enbodi nent of the present invention, a nanoparticul ate
conposition of the present invention exhibits, for exanple, a Tnacfor

zi prasi done contained therein which is not greater than about 90% of the
Tmax for the sane ziprasidone delivered at the same dosage by a

non- nanoparticul ate conposition. In other enbodi nents of the present

i nvention, the nanoparticul ate conposition of the present invention nmay

exhi bit, fomogmamhg,th@isumt 4098 gréhiBY, A5dud 9% SQRE 3IbBRDOLNST Bbik 1‘0’@110*‘ I's not
greater than about 80% not greater than about 70% not greater than about
60% not gr &Reter themzpragigensiadgystergdin gyramyendionlfigprgaiernr 30% not great er

t han about 25% not greater than about 20% not greater than about 15% not
greater than about 10% or not greater than about 5% of the Tmax for the
sane zi pr asi donelhgaiahepartisylatet conipesitemmaydsabayepydesirabtepbasmesphinttic ul at e
conposi tion gﬁgﬂg' ) f. t. i j Trax of ziprasidone
when as s%ye%rolh% atg Pq}geap as rr%&glg é %}}%énlt#agﬁn(}?ﬁ%\égﬁ&é%? %%{Ag}msa | %g@ﬁcﬁaﬁheabout 6 to
about 8 houdssiralfl¢ pharadivikinest prafilear thel ompbéison motndel, bt sot diinitel éo:i (yent i on,

the Trmax of ~zi prasidone is |ess than about hours.. 1 ess than about 5
hours, | essc’f’iﬁgor{ “2Bol Onﬁﬁ'gfﬁ %S,Sayleéé%%f: H%PP%B 2 rammistian ?,%Jeftefggo‘f’ﬁgn about 2
hours, | essaddnaitr@hbaubat is grefeiably@ieatd sintthead,, a falie sAthe Fiprasiddae aélivered
admnistratigon. In an enbodi nent of. the present inyention
nanopar-t i cu?tggeesagl(?r‘?ﬂ%i: F’ft') BACGPAORA Ry IS S p‘i’sﬁt\‘Pé‘h?"i‘dé?{QéW %J&;?r for exanple,
a Cmax fo@r zipfasidsicddire a@sragetdah ﬂ%qallztsh@rceiamamh zﬁﬁnisﬁoj&ﬁ gdma;sﬁg agmﬂrmﬁ%% of the
Crax for the sane_ziprasi done delivered at the sane dosage a
non- nanopar EﬁpﬁﬁﬁmgbﬁﬁﬁQﬂgWUg?Aﬁﬁz _ﬁEFa@ﬁﬁ@Hﬁﬁ@ﬂ?gdﬁ?“?ﬁb%ﬁﬁ%g%nt
i nventi on, ﬂ&@gwf&h%%ﬁt&%w&ﬁbﬁﬁﬁd@f (3h BE, RresARhsilldhéatehon mMay
exhibit, for exanple, a x for i ) o ) )

assayed in the plasma of a mammalian subject following administration that is preferably

less than the Ty« for the same ziprasidone delivered at the same dosage by a non-

15  nanoparticulate composition.

In an embodiment of the present invention, a nanoparticulate composition of the
present invention exhibits, for example, a Ty for ziprasidone contained therein which is
not greater than about 90% of the T,y for the same ziprasidone delivered at the same

20  dosage by a non-nanoparticulate composition. In other embodiments of the present
invention, the nanoparticulate composition of the present invention may exhibit, for

_example, a Tiay for ziprasidone contained therein which is not greater than about 80%,

not greater than about 70%, not greater than about 60%, not greater than about 50%, not
greater than about 30%, not greater than about 25%, not greater than about 20%, not

25  greater than about 15%, not greater than about 10%, or not greater than about 5% of the
Tmax for the same ziprasidone delivered at the same dosage by a non-nanoparticulate
composition. In one embodiment of the invention, the Ty, of ziprasidone when
assayed in the plasma of the mammalian subject is less than about 6 to about 8
hours after administration. In other embodiments of the invention, the T,,,x of

30  ziprasidone is less than about 6 hours, less than about 5 hours, less than about 4
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zi prasi done contained therein which is at |east about 100% at |east about
200% at | east about 300% at |east about 400% at |east about 500% at

| east abowD 260025278t | east about 700% at | east about 8®0%jUsadocloemws: about
900% at | east about 1000% at |east about 1100% at |east about 1200% at
| east about 1300% at |east about 1400% at |east about 1500% at | east
about 1600% at |east about 1700% at |east about 1800% or at |east about
1900% greater than the Cnax for the sanme ziprasidone delivered at the sane
dosage by a non-nanoparticul ate conposition. In an enbodi ment of the
present invention, a nanoparticul ate conposition of the present invention
exhi bits, for exanple, an AUC for ziprasidone contained therein which is at
| east about 25% greater than the AUC for the sanme ziprasi done delivered at

the same dogage 16% tﬁalﬁ%upgmewregscmhﬁltaeoﬁmg {1bQMhad &&&h%u?r@od' ment s
of the present invention, the nanoparticul ate corrp05|t| on of the present

i nventi on nkeys thahabautt 30f1nmu®xafm1 almiarstrAlieh.f or zi prasi done cont ai ned
therein which is at | east about 50% at |east about 75% at | east about
100% at | east about 125% at | east about 150% at | east about 175% at

| east about 200%n aﬂbmb@ﬂﬁbnt@bﬂidbregéﬁ%veﬂtﬁod e asdopaliotlhic200Yosifdn dfaRst about
275% | east about 300%. | east about 350%. at | east about 400% at
| east ab%utpra% Hvegtiop @nglts beampEe o mat ol dRsidopssaptagsd sheretp whichdt  about

600% at | ea3dasHdOsttis0?%0G%e @L,, FoR BRlsadd SiptasiiBRYdclRtrel aBHE sﬁﬁ@&ﬂsa{e’i@% at
| east about 800% at |east about 850% at |east about 900% at |east about

950% at | edpsrnapepsiiculatiomagrogition. dg sthepgrabadinenieof the prepah drventipduthe1100% at
| east abou"na%@r?ﬂ&@ula% ccﬁ‘ﬁpohﬁ@ﬁ bt tﬁ@ﬁﬂ&enﬂ-%ggnf?ogrn%te@ﬁlbtthﬁpe)Ealﬂ%leA‘laJ% f.Ofr t he

sanme zi prasi done delivered t he' sane dosage by a non-nanoparti "Cul ate
conposi ti onZlﬂlh@%W\ﬁeﬁﬁin@hthéWéwﬂpésﬁétle@ﬁt ﬁ@’\’@ﬂ)@@%i%iﬁaﬁta@m@ Ysttlpash wher ei n

the pha{dmC%&hg@P%? aﬂé&éﬁﬂo‘ﬁhﬂfo BEé%? %Qx'f‘ éf)o'a't R4k oxﬁ%ﬁb%! AR ddf | S not

subst anti al ecCted aste state o a subj ect 1ngesting
t he corrp05|’t’(10&’n atl?*ﬂtsquew,tahhast@Mt 200%, ah pasiabeutd A0G%] at diaftfabpeince in t he

quantity of }170b9r Qﬁéa@?&%{lﬁf’z@{?%bﬁq%f?{ abbilel 3663/ at%atsﬁé%%ﬁ{ Phobon at"Y*e‘aesP%ﬁo%‘?
nanopartlcu ate’ m niI ster d versu
1500%, at least about 1600%, at least about 1700%, at least about 1800%, or at least
about 1900% greater than the C,,,, for the same ziprasidone delivered at the same dosage

15 by a non-nanoparticulate composition.

In an embodiment of the present invention, a nanoparticulate composition of the
present invention exhibits, for example, an AUC for ziprasidone contained therein which
is at least about 25% greater than the AUC for the same ziprasidone delivered at the same

20  dosage by a non-nanoparticulate composition. In other embodiments of the present
invention, the nanoparticulate composition of the present invention may exhibit, for
example, an AUC for ziprasidone contained therein which is at least about 50%, at least
about 75%, at least about 100%, at least about 125%, at least about 150%, at least about
175%, at least about 200%, at least about 225%, at least about 250%, at least about 275%,

25  atleast about 300%, at least about 350%, at least about 400%, at least about 450%, at
least about 500%, at least about 550%, at least about 600%, at least about 750%, at least
about 700%, at least about 750%, at least about 800%, at least about 850%, at least about
900%, at least about 950%, at least about 1000%, at least about 1050%, at least about
1100%, at least about 1150%, or at least about 1200% greater than the AUC for the same

30  ziprasidone delivered at the same dosage by a non-nanoparticulate composition.
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fasted state. In conventional ziprasidone formulations, i.e., Geodon", the
absorption of ziprasidone is increased when adm nistered wth food. This
di ff er encwoizno7asspt i on observed wi th conventional zi pPasiu$eens/023695

formul ations is undesirable. The conposition of the invention overcones
this problem Benefits of a dosage formwhich substantially elimnates the
effect of food include an increase in subject convenience, thereby

i ncreasi ng subject conpliance, as the subject does not need to ensure that
they are taking a dose either with or without food. This is significant as,
W th poor subject conpliance, an increase in the nedical condition for

whi ch the ziprasidone is being prescribed nay be observed. The invention
enconpasses al so a nanoparticul ate conposition conprising ziprasidone in

whi ch admi ni st r atyeQkveRfiord éﬁ@orﬁﬁﬁg&@?in%ﬂhdﬁﬁhi%&lal@ cSHPMsRch vitdrdn RSt ed state is
0

bi oequi val ent to adm nistration e conposition to a subject in a fed
state. The Rharmaselinetic nrofilgEgpmsidens fefowingadmmseaiioniiorptgrbstdasialbhvent i on,

when adm ni sheiady i 6 H8d ¥RE §HSwubfg ihASHEAnS ik et i | €ss
t han about 100&; Vess tﬁén %%ut.95¢?“Fe§s£$ﬁ§ﬁ‘a%gﬁﬁmgbé6 ﬁ%ggkﬁ%gdzabout
85% | ess tthens isyowbst80id differsacetih the quivdily of7zivgsidoms gbsortzed caliounte 0% | ess

t han about %0 t 0 . . % .l an about
500 Tood!  fsbtnE S Renl 8 Mo RN MO impoBEn ABNRGH i e RS SR R00¢
t han about 364 sthtesk doheemtiated uipr2bioge formdationg . caBeodond e abessiontedn about
15% | ess than.ﬁbout.lo ss { han. ahou t han, ab Q} 3% | n one

% .l % Qr l.ess

enbodi mont | BRATRRe pEREe oS pm PG RA B oo s A B8R et T on
conpri si ng aispivedswiilio oevettnal Aprididona tintiaténsad urelbsiablet Mhe compastiidncdn to a
subject in fasted state i .bigg uivalent to adm nistration of the
conposi t i onf JVEGEYEEP RIS PR at e, in particul ar as defined by Crax
and AUCiqgui delines given by the U S. Food and Drag Adm nistration and the
correspondi ng European_regul at ory, agency ( \) . Under U.S. FDA guidelines,
two products or Hearhis ate SRaeTPER wmeg a%}yﬂm?ﬁg elipdnagys %%ﬁ#ﬂ AdRekinpifer val s
(C) for AU iafiehsempeubREoRfInRes) t:BQ idcfeading SubiebNE PR AS hEINB Bll§edr € not

does not need to ensure that they are taking a dose either with or without food. This is

significant as, with poor subject compliance, an increase in the medical condition for

15  which the ziprasidone is being prescribed may be observed.

The invention encompasses also a nanoparticulate composition comprising
ziprasidone in which administration of the composition to a subject in a fasted state is
bioequivalent to administration of the composition to a subject in a fed state.

20

The difference in absorption of the composition of the invention, when
administered in the fed versus the fasted state, preferably is less than about 100%, less
than bout 95%, less than about 90%, less than about 85%, less than about 80%, less than
about 75%, less than about 70%, less than about 65%, less than about 60%, less than

25  about 55%, less than about 50%, less than about 45%, less than about 40%, less than
about 35%, less than about 30%, less than about 25%, less than about 20%, less than
about 15%, less than about 10%, less than about 5%, or less than about 3%.

In one embodiment of the invention, the invention encompasses a composition
30  comprising ziprasidone wherein the administration of the composition to a subject in a

fasted state is bioequivalent to administration of the composition to a subject in a fed
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rel evant to bioequival ence for regul atory purposes). To show bi oequi val ency
bet ween two conpounds or adm nistration conditions pursuant to Europe's
EMEA gui dwbiznem27178e 90% Cl for AUC nmust be between 0. 8®@Ctrasioodd2zmnsl t he
90% Cl for Crmax nust between 0.70 to 1.43. The nanoparticul ate conposition
of the invention is proposed to have an unexpectedly dramatic di ssolution
profile. Rapid dissolution of ziprasidone is preferable, as faster

di ssolution generally leads to faster onset of action and greater

bi oavail ability. To inprove the dissolution profile and bioavailability of
t he ziprasidone, it would be useful to increase the drug' s dissolution so
that it could attain a |l evel close to 100% The conpositions of the
invention preferably have a dissolution profile in which within about 5

m nutes at étﬁ@ﬁﬁ Rﬁﬁ@dﬁr 2 QeaRb b&@% Zan @B HONSiné 1%%?1!16"@@ Fbdh Haher

enbodi nent s of e invention, "east about 309 or at |east about 40% of
the zi prasi Jaﬁlﬁe‘\dr@maﬁr@@@|av@tixe\ﬁpltr%pwdgwcﬁnr0@amﬁeﬁd@@§/ agencyy(EMIBA lhdfnder

enbodi ment sygf Fb%ﬁdagﬁ%atwpma%@foﬁ b L /gll)&@ IAPRY AREofehEAST about

50% at | east abou I east a east o of the
zi pr asi donelnfesvadi (€3)pfoy 4 Crind Iﬂmsk calertveen @89 to li28 éTma;mehlteyJ,enisrmrfaIMt her

enbodi t { out. 7 t | east about
80% a'?%n argevalﬁ IE%@% iegjr;e fo elgt%ﬁp li]%%(%%s) 13%3}0&?19?%1\% |epr a eft‘(’ﬁ%eﬁle is

di ssol ved vw\natomempallumlabr &bnindstratioa sonddicas phgtanot BusopeisdiMEALidelizastieed i n a
medi um whi ¢ t S |un1 roduce two
very dlffer%)faagggﬁﬁtPP%% %ﬁgWgﬁ&ggFﬁkg%méﬁ%gﬁkpgl%Egﬁﬁanﬁ %?W'IFferent

di ssol uti om.profliidles in gastric juices; i.e., the dissolution nediumis
predictive of in vivo dissolution of a conposition. An exenplary

di ssolution nediumis an aqueous nedi um contai ning the surfactant sodi um

lauryl ®mulfate %e@ax%&ﬂ%l@%fceﬂlmsﬁﬁhlo@ﬂleﬁvehh@l1§Fﬁg&§ed@i %&gla%gd can be
e nmetho uropean

carr e UL by, SpaOIoLeTSt i T ouhbnd, Bl als Eiod CEuropean
t he nanopardsifesudrAtsColGiRAdrhllPRaddfto 1B bRVIThEIRR ah glehdt bioavailability.
To improve the dissolution profile and bioavailability of the ziprasidone, it would be
useful to increase the drug’s dissolution so that it could attain a level close to 100%.
15
The compositions of the invention preferably have a dissolution profile in which
within about 5 minutes at least about 20% of the ziprasidone is dissolved. In other
embodiments of the invention, at least about 30% or at least about 40% of the ziprasidone
is dissolved within about 5 minutes. In yet other embodiments of the invention,
20  preferably at least about 40%, at least about 50%, at least about 60%, at least about 70%,
or at least about 80% of the ziprasidone is dissolved within about 10 minutes. Finally, in
another embodiment of the invention, preferably at least about 70%, at least about 80%,
at least about 90%, or at least about 100% of the ziprasidone is dissolved within about 20
minutes.
25
Dissolution is preferably measured in a medium which is discriminating. Such a
dissolution medium will produce two very different dissolution curves for two products
having very different dissolution profiles in gastric juices; i.e., the dissolution medium is
predictive of in vivo dissolution of a composition. An exemplary dissolution medium is

30  an aqueous medium containing the surfactant sodium lauryl sulfate at 0.025 M.
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particles thereof redisperse so that the particles have an effective
average particle size of |ess than about 2000 nmin dianeter. This is
significamd 2oewaose, if the particles did not redi spersecsastovan2ichey have
an effective average particle size of |ess than about 2000 nmin di aneter,
the conposition may | ose the benefits afforded by fornulating the

zi prasidone therein into a nanoparticulate fopn . This is because
nanoparti cul ate conpositions benefit fromthe small size of the particles
conprising the ziprasidone. If the particles do not redi sperse into snal
particle sizes upon adm nistration, then "clunps"” or agglonerated particles
are formed, owing to the extrenely high surface free energy of the
nanoparti cul ate system and the thernodynam c driving force to achi eve an

overal | redpgkin@fatdn off'ﬁfe%nﬁﬂﬁtrcﬂééolvw &Jﬁ Yeherike Bﬁ@a&y' sB&tB{)ho?Mﬁaryaqgll omer at ed
particles, the bioavailability of dosage form may wel | bel ow t hat

observed wi totating blade methed dFuspreses PWWI@} capfhe urdrio parsuiecligselubon.
conposition. In other enbodiments of the invention, the redi spersed
particles of the invention (redispersed in water, a biorel evant nmedia, or
any other suit ab‘hleaddifd,}miahfeamai fd)hehav‘abaahubfefmmbsi*éormfehea?gvienpiam tsithdte si ze of

less th 0 ﬁa%él? etgérg?f:]an a ?h?&%g%aﬁl% i‘laQKS:‘ %Iil %H&%V O?&gié%gole S{Ee Okess t han

about 1 T &5% I"éss t han
about 1400 lesythiregt®ut 20800 nahmdianﬂeE@OTmsis ﬁgﬁf*&:ahﬁ&eﬂatmdamﬁme ﬁe&@ﬂesrﬂm nbiess t han

about 1100 n ess n_ about | ess..t han ess than
Sbont 800 rimRsperfEs, ey Rtk dn O W hae PR S TR g ot 200l GRE
about 500 nimdidnes&, thhasmpdditish nYQoganhe Bepsfits hif@dedloimdthenig | ess t han
about 250 nm han .about 200. ﬂ?w | ess _than about 150.n | ess t han

SS
Sbout 100 mibrarida BHER idn g denopatiIe Spror. CULS F REOTHOIDAESR | o di anater.

as neasiy ededdypokitighd benefd ftRi thHa GmAR kiRO6ISthe PArEEIQSARYisin®the @iphRIdoa@pIfopri at e
met hods. Such net hods suitable for neasuring effective average particle

si ze are knbGRatipleydppotaeisnsrse drte)smalt RAragls Wesluﬁmz Hnimisirateadhdper si bility
can be testegymsb Bga%%iné?}btb& ﬁ&hﬁesrm@mw Q@Wihg 1B tichRurdhdly b @u&acg freet he
exanpl e sections of S. Patent No. 375,986 for "Solid
Nanopart i cufugfey of the nanoparticulate system and the thermodynamic driving force to aclueve an
overall reduction in free energy. With the formation of such agglomerated particles, the
15  bioavailability of the dosage form may fall well below that observed with the liquid

dispersion form of the nanoparticulate composition.

In other embodiments of the invention, the redispersed particles of the invention

(redispersed in water, a biorelevant media, or any other suitable liquid media) have an

20  effective average particle size of less than about less than about 1900 nm, less than about
1800 nm, less than about 1700 nm, less than about 1600 nm, less than about 1500 nm,
less than about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than
about 1100 nm, less than about 1000 nm, less than about 900 nm, less than about 800 nm,
less than about 700 nm, less than about 600 nm, less than about 500 nm, less than about

25 400 nm, less than about 300 nm, less than about 250 nm, less than about 200 nm, less
than about 150 nm, less than about 100 nm, less than about 75 nm, or less than about 50
nm in diameter, as measured by light-scattering methods, microscopy, or other
appropriate methods. Such methods suitable for measuring effective average particle
size are known to a person of ordinary skill in the art.

30
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Conposi tions Conprising a Synergistic Conbination of a Polymeric Surface
Stabilizer and D octyl Sodi um Sul fosuccinate.” The nanoparticul ate

conposi t iwo 2067/2F3pr esent i nvention exhibits dramatic reditsp@codessns of t he
particles upon admnistration to a manmal, such as a human or animal, as
denonstrated by reconstitution/redi spersion in a biorel evant aqueous nedi a,
such that the effective average particle size of the redi spersed particles
is less than about 2000 run. Such biorel evant aqueous nedia can be any
aqueous nedia that exhibits the desired ionic strength and pH which form
the basis for the biorelevance of the nedia. The desired pH and ionic
strength are those that are representative of physiol ogical conditions
found in the human body. Such biorel evant aqueous nedia can be, for

exanpl e, aqueousp&lielsitothtybsh 1§é3t|eé4&d RS A sAHIRAHS NS RidH iBAR of ROY gSal t,
acid, or base, or a conbinhation thereof, which exhibit the desi red pH and

i oni ¢ st r ende Kxangllp pastiensitU. H¥ateat Nel 6,3 1S iori SolihBosgrNanopsticwdatanpl e, i n

t he st omach y greater
than 1) up Car g CORRRFRL B STRRAMEN Ao of R Oymekb Mk Btk 91 7%,
and in t he @wl¥nctyt Salum Salepcdina’ 6 to 8. Biorel evant ionic strength is

al so well known in the art. Fasted state gastric fluid has an ionic
strength of about 0.1Mwhile fasted state intestinal fluid has an ionic
strengt h of aboLifheelaﬂdpartiéehteecogmositibmd@thé plesenamventioﬁhmhﬁbiq:stcbmat‘mti on of

Fluids fromthe Sto t‘ﬁh and Pr oxi nal alt min ﬂ V‘g Phar m

roe. ©% 1" (oo RRBRl pes et A0 KR piabEl nER s BE B oty engt h
of the testafimhlyid demdnSirai@t gy xersoﬂsnmﬁdm/ﬁehﬁpbrﬁlhlemsﬂﬁcnefemat eqiRoisaaddigont ent .
Accordi ngly, te pH and ionic strength val ues. can be obtained

thr ough oureB Bt BBl Re Rhat gt Srrop e BUSPEe BRyc B Bdes TER R o gl e

or nul tigl e2000mn) gk bﬁﬁd:l@valﬂﬁ&ﬁre&ﬁlrﬁ@ha(dan Be any\RAKORGAR: tﬁﬁ@x}ﬁ&rsrtﬁe pondi ng
salts of that_ acid), nonoprotic and pol yprotr c electrolyte etc.

Repr esent at riw%roeetsrrerg}lr aARJL i e His bads fqg the biprgleyrgice pf thr Pediat o, HC

sol uti ons, The desired pH and ionic strength are those that are representative of physiological

conditions found in the human body. Such biorelevant aqueous media can be, for
example, aqueous electrolyte solutions or aqueous solutions of any salt, acid, or base, or a

15  combination thereof, which exhibit the desired pH and ionic strength.

Biorelevant pH is well known in the art. For example, in the stomach, the pH
ranges from slightly less than 2 (but typically greater than 1) up to 4 or 5. In the small
intestine the pH can range from 4 to 6, and in the colon it can range from 6 to 8.

20  Biorelevant ionic strength is also well known in the art. Fasted state gastric fluid has an
ionic strength of about 0.1M while fasted state intestinal fluid has an ionic strength of
about 0.14. See e.g., Lindahl et al., “Characterization of Fluids from the Stomach and
Proximal Jejunum in Men and Women,” Pharm. Res., 14 (4): 497-502 (1997). Itis
believed that the pH and ionic strength of the test solution is more critical than the

25  specific chemical content. Accordingly, appropriate pH and ionic strength values can be
obtained through numerous combinations of strong acids, strong bases, salts, single or
multiple conjugate acid-base pairs (i.e., weak acids and corresponding salts of that acid),

monoprotic and polyprotic electrolytes, etc.

30 Representative electrolyte solutions can be, but are not limited to, HC1 solutions,

ranging in concentration from about 0.001 to about 0.1 N, and NaCl solutions, ranging in
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rangi ng in concentration from about 0.001 to about 0.1 N, and NaC

sol utions, ranging inconcentration fromabout 0.001 to about 0.1 M and

m xt ur es wbenewi72760r exanpl e, el ectrol yte sol uti ons camrChaS2imé2zmpe not
limted to, about 0.1 N HC or less, about 0.01 N HO or |ess, about 0.001
N HO or |less, about 0.1 M NaC or |ess, about 0.01 M NaC or |ess, about
0.001 M Nadl or less, and m xtures thereof. O these electrolyte solutions,
0.01 MHAO and/or 0.1 M NaC, are nost representative of fasted human
physi ol ogi cal conditions, owing to the pH and ionic strength conditions of
the proximal gastrointestinal tract. Electrolyte concentrations of 0.001 N
HO, 0.01 NHA, and 0.1 N HO correspond to pH 3, pH 2, and pH 1,
respectively. Thus, a 0.01 N HO solution sinulates typical acidic

condi tions éd?fé&gra'tlﬂn e a%&f!%th to AbcPb U tNIORd Q{lxﬂrel‘ tMJH@q?orQRQHIBIQeS a

reasonabl e approxi mation of the ionic strength conditions found throughout
the body, i fledtisdytngpletinas gasks: Sitresatilimited e, abais 0.13Y Hhd aphisscahooe®Pt Bt i ons

hi gher thangpy H\ﬂgxééaé’bola?o SNPILI%@%E&S %?M'oaitﬁ N9 ofREd] %ﬁdu‘?ﬁ'ﬁl Wt N%n{)brt he

human G tract I"ar'y sol utions of salts, acids, bases or conbil nations
t her eof , whiest a@outh@Dt MN@Clotesh:ss,enid prizred thegaof. cO§thp®rw@ctrolytm1u¢ld®, but are

not 11 m 4 e b0 rPRSAAREI LR PheSRALG RS- 4t SEl MR8l a5sLum ond

cal ci um sal ic acl Ssium
and cal ci um:cmditioss , @fvigghto olid piéancbmnioetrengtlamnditions:@ﬁtb@mkmaﬂs pdstrsintestieadli um
pot assi um and cal ciumsalts of chloride, and citric acid/citrate salts +
sodi um pot i umand calciumsalts of chloride. As stated above, the
conposition conprises also at | east one surface stabilizer. The surface

stabilizer can or bed on or SOCI it e rf of the

zi prasi done- conbl'ghe Oiﬁﬁ b%ﬂ“?‘i“@“@gs Oafslgr%)flé\? gﬁf%%ﬁﬁcﬁiﬁﬂaééﬁ @%&B‘?IF‘?SEW
adher es1®n, 1o@H 85302288 Hl dsPectitél@. Thuksf QOQINHCh@hﬁi@ﬁtsinﬁﬂﬁ&, bdl does not
react chemcally with t particles or with ot her surface stabilizer

mol ecul es. RGP GRS 9011&8 élbfhﬁétﬂ’mﬁ‘ﬁll‘ e §plgtionygf G Igiﬁlfpé‘b"édeétaéﬁs?li‘a?@r are
essenti al | Yafph®8maion J¥RS DRk 864 B contiRDas fouAk@BRShout the body, including the

gastrointestinal fluids, although concentrations higher than 0.1 M may be employed to
simulate fed conditions within the human GI tract.

15

Exemplary solutions of salts, acids, bases or combinations thereof, which exhibit

the desired pH and ionic strength, include but are not limited to phosphoric
acid/phosphate salts + sodium, potassium and calcium salts of chloride, acetic
acid/acetate salts + sodium, potassium and calcium salts of chloride, carbonic

20  acid/bicarbonate salts + sodium, potassium and calcium salts of chloride, and citric

acid/citrate salts + sodium, potassium and calcium salts of chloride.

As stated above, the composition comprises also at least one surface stabilizer.
The surface stabilizer can be adsorbed on or associated with the surface of the
25  ziprasidone-containing particles. Preferably, the surface stabilizer adheres on, or
associates with, the surface of the particles, but does not react chemically with the
particles or with other surface stabilizer molecules. Individually adsorbed molecules of

the surface stabilizer are essentially free of intermolecular cross-linkages.

30 The relative amounts of the ziprasidone and surface stabilizer present in the

composition of the present invention can vary widely. The optional amount of the
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The rel ative anmounts of the ziprasidone and surface stabilizer present in
the conposition of the present invention can vary w dely. The optional
anmount ofwohedmdraBdual conponents can depend, upon, anmpog/Uskévsn2ichs ngs,
the particul ar drug selected, the hydrophilic-Iipophilic balance (HLB),
melting point, and the surface tension of water solutions of the
stabilizer. The concentration of the ziprasidone can vary from about 99. 5%
to about 0.001% from about 95%to about 0.1% or from about 90%to about
0.5% by weight, based on the total conbined weight of the ziprasidone and
surface stabilizer(s), not including other excipients. The concentration of
the surface stabilizer(s) can vary from about 0.5%to about 99.999% from
about 5.0%to about 99.9% or from about 10%to about 99.5% by weight,

based on t hﬁdl‘ifﬂhﬁlcoﬁ@man depentRip8htanng bhiRr Aimk afd A& ardud sal t or

derivative thereof, and surface stabili zer(s), not including other
exci pi ent s.selppied.dhohydsopbilicalinpphitis balanse HiLB).AB9lting pdigy andibe irfyeaisntioe i s

non- 11 VT aloraftke Lo XL ENBY HRKBRH TR YRk A FRLL7 fr ol T bl €

formul ati on. Accor present 1nvention Is directe
surprising @psfcﬁ?\ﬁé/pyo Etbha*to @f&ﬁ(@ﬁ@m dtout e tcabeps 1 %00 it gropt 9% ty

Zi prasi done JOGAD. ¢ nve%l%ti i d{ﬁ&%%{ﬁaﬁ c81fn [hR4 %e{gﬂ@&tﬂ@ﬁ Al &eﬁd%ﬁ%%'ei zer

can be use nt sur ace S |I|ze can
enpl oyed i nstatblriezer(sl)ym‘mmahmlmgmhmbemxpiams. Aheconoenthation vEitle surfack stablizev(syani c

oo O R TR SPGB o SRS SR Dok gt o1
sur f act ant saboBUIOPaebstit®9i S b@m&-lghmdalawdemnmmm t@nbiasd dmm1ghcaﬁtheni c,
ionic, and zw tterionic surfacta&l esent ati.ve anpl es tﬁurface
St abi |1 por ST AN SRS ORI AFEt ROl R DM EH O RS

hypr omellol osg}ipidaysdr oxypropyl cel | ul ose, pol yvi nyI pyrrolidone, sodiumlauryl

sul fate, dioctylsulfosuccinate, gelatin, casein, lecithin (phosphatides),
dextran, gum acacia, cholesterol, tragacanth, stearic acid,

The choice of a surface stabilizer(s) for the ziprasidone is non-trivial and required
extensive experimentation to realize a desirable formulation. Accordingly, the present
invention is directed to the surprising discovery that nanoparticulate compositions

15  comprising ziprasidone can be made.

Combinations of more than one surface stabilizer can be used in the invention.
Useful surface stabilizers which can be employed in the invention include, but are not
limited to, known organic and inorganic pharmaceutical excipients. Such excipients
20  include various polymers, low molecular weight oligomers, natural products, and
surfactants. Surface stabilizers include nonionic, anionic, cationic, ionic, and zwitterionic

surfactants.

Representative examples of surface stabilizers include hydroxypropyl
25  methylcellulose (now known as hypromellose), hydroxypropylcellulose,
polyvinylpyrrolidone, sodium lauryl sulfate, dioctylsulfosuccinate, gelatin, casein,
lecithin (phosphatides), dextran, gum acacia, cholesterol, tragacanth, stearic acid,
benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol,
cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers (e.g.,
30  macrogol ethers such as cetomacrogol 1000), polyoxyethylene castor oil derivatives,

polyoxyethylene sorbitan fatty acid esters (e.g., the commercially available Tweens® such
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benzal koni um chl ori de, cal cium stearate, glycerol nonostearate, cetostearyl
al cohol, cetonmacrogol enul sifying wax, sorbitan esters, pol yoxyethyl ene

al kyl et wo0¢ze2@73 nmacrogol ethers such as cet onacr ogolPCTAB8)06/023695

pol yoxyet hyl ene castor oil derivatives, polyoxyethylene sorbitan fatty acid
esters (e.g., the commercially avail able Tweens(r) suchas e.g., Tween 20(r)
and Tween 80(r) (1 Cl Speciality Chem cals)); polyethylene glycols {e.g.,

Car bowaxs 3550(r) and 934(r) (Union Carbide)), polyoxyethylene stearates,
col l oidal silicon dioxide, phosphates, carboxymnethyl cellul ose cal cium

car boxymet hyl cel | ul ose sodi um methyl cel | ul ose, hydroxyethyl cel | ul ose,
hypronel | ose pht hal ate, noncrystalline cellul ose, magnesi um al um ni um
silicate, tri et hanol am ne, polyvinyl al cohol (PVA), 4-

(I, 1,3, 3-tekk: ﬁ@@ﬂéﬂd)TvPé%ﬁ@O@ aeptp@mmt}vtﬁéam@gl&)yIp%%thgrehsi
fornaldehyde al so known a (t%ﬁgxa pol (ﬁfrlone triton Poloxaners

{e.g., Pluré&i §rbpws>(Sr%559nan (Pion Gty )hp@yww&wle@éw@%@ lgiflalet hy| ene
oxi de and gmexhr%meqaﬂ \Aﬂﬁ*)ates %L&%gﬂ%tﬂﬁéelmsgcalclﬁbg 9@ yﬂmo@e' so_known

as Pol oxam ne 908 rafunctlona ner derived
f r om sequersediam, @dtﬂlmcﬂhﬂoaﬁf hyskrayypihzisel ose dl@'pamelbtsmhtbai@te,own@&stalbne

et hyl enedi Tetronic
a0 r) 3 2 B ORI, SRR LD TR ShBPADac M bl B O,
an al kyl adyﬂ3ﬁbwy@hhhﬂbmubﬁmnmﬂQOWEbhwuhndwkhasmdeGMUﬂasﬂﬁﬁy&amhmO(r)

o b BBl T e S PLE AU LBl B Sghgeln n)
10-G(r)( C]—Inwlﬁlﬂem bbb]scopSlyamﬂrmithth}ﬂEﬁ)a oxﬁeaﬂ@ﬁﬁopﬁleﬂ_e)édk();’})cﬂ@’amﬂ&s doec.); and

ooy e ansyPuiRORE: A SieRain e RS BT KB IRGL PEE mdecyl
E 3 ma: 100 P Yo polPE xR rivEt fil@deayﬂendml Ehcghcbimg)%@m;‘ﬁlodﬁs laﬂd d%_yieﬁbydmde to »
T heeot o shmogPugagt st MEm SE B R S af st S8R 410! 9

nonanoyl - I\Flm)mmmmd@e c&paﬁmbn)bﬁ%hmom@ amaei #en alkyl aryl pollyether

oct anoyl - N-net h ucam_de; - 9l ucopyr anosi de; octy
b- Dt hi ogl uéBléng’r{%@Pﬁém ﬁ?@p%gﬁ%lf; ]p]IO WElsI B 8YT of Yrrospitesratpandst er ol

derivati ve,sucrose distearate (Croda Inc.); p- isononylphenoxypoly-(glycidol), also known as Olin-
15 10G® or Surfactant 10-G® (Olin Chemicals, Stamford, CT); Crodestas SL-40® (Croda,
Inc.); and SA9OHCO, which is C1gH37CH2(CON(CH3)-CH2(CHOH)4(CH20H),

(Eastman Kodak Co.); decanoyl-N-methylglucamide; n-decyl B-D-glucopyranoside; n-
decyl B-D-maltopyranoside; n-dodecyl 3-D-glucopyranoside; n-dodecyl B-D-maltoside;
heptanoyl-N-methylglucamide; n-heptyl-B-D-glucopyranoside; n-heptyl 3-D-

20  thioglucoside; n-hexyl B-D-glucopyranoside; nonanoyl-N-methylglucamide; n-noyl 3-D-
glucopyranoside; octanoyl-N-methylglucamide; n-octyl-B-D-glucopyranoside; octyl B-D-
thioglucopyranoside; PEG-phospholipid, PEG-cholesterol, PEG-cholesterol derivative,
PEG-vitamin A, PEG-vitamin E, lysozyme, random copolymers of vinyl pyrrolidone and
vinyl acetate, and the like.

25

Examples of useful cationic surface stabilizers include, but are not limited to,
polymers, biopolymers, polysaccharides, cellulosics, alginates, phospholipids, and
nonpolymeric compounds, such as zwitterionic stabilizers, poly-n-methylpyridinium,
anthryul pyridinium chloride, cationic phospholipids, chitosan, polylysine,

30  polyvinylimidazole, polybrene, polymethylmethacrylate trimethylammoniumbromide
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PEG vitamn A, PEGvitamn E, |ysozyme, random copol yners of vinyl
pyrrolidone and vinyl acetate, and the |ike. Exanples of useful cationic
surface swabwéivmerrs i ncl ude, but are not limted to, polPgmaIS3Q0cRIBPD| yrers,
pol ysacchari des, cellul osics, alginates, phospholipids, and nonpol yneric
conmpounds, such as zwitterionic stabilizers, poly-n-nethylpyridinium

ant hryul pyridinium chloride, cationic phospholipids, chitosan, polylysine,
pol yvi nyl i mi dazol e, pol ybrene, pol ynet hyl net hacryl ate

tri met hyl anmoni unbr om debr om de (PMMTMABr), hexyl desyl tri net hyl amoni um
brom de (HDMAB), and pol yvi nyl pyrrolidone-2-di met hyl am noet hyl nethacryl ate
di met hyl sulfate. O her useful cationic stabilizers include, but are not
limted to, cationic lipids, sulfonium phosphonium and quarternary

amroni um coypQKe %\/E{% Bﬁsllkﬁ(gfﬁ@gﬂﬁﬁétwnmﬂ“ﬁmwﬂﬁ% PHDRI An%fﬂ

benzyl - di (2-chl oroe ammoni um brom de, coconut tri anmoni um
chlori de orpOﬂ))erﬁm’erohd,Qw@ﬁdlmeﬂﬂiamnoﬁmhWt@m@tﬁmmeﬁMmﬂfamn chI oride or
brom de, decyl triethyl amoni um chloride, decyl dinethyl hydroxyethyl
ammoni um chl ori de or brom de, G 2-isdinethyl hydroxyethyl amonium chloride
or brom de, COC@ﬂlﬁI uetifulehtigrlic btyldhmxgl'mt:hyid: bahare npiiimitdd toy ¢atieniodipids,om de,

nyri styl tri I ni um me | _su at e aur t hyl benzyl
anmoni um chi% ge %}Og%ﬁ%gn a%tFWry °8mpﬁw&f§‘n%ﬁ Szlm'ronl um chl ori de
or brom de, sté‘drﬂllh}elhy(a@rﬂonnﬂj)l dhlbﬁﬂd)&sbﬂ&ghdtﬂ-chiﬁfmmlygaﬂlylbhmmndm bidmade y |

G 4-i 8d|rret ben noni rid Nt et nmet benzyl
gammnl um) chi°6™t @WF@W(ZS%/WH’PHW hg‘?rﬁétoﬁ TOHH%EI&W“ %Jﬁ?(dg‘?ﬁyé’%ld NYaI kyl
and (G 2- | 4gmfbditeh bybride dtapshik, REY i ctByTBHh dHE bhl@ﬁﬂaaecyﬂ ﬂinﬁ&lﬁ)}lw amoni um

hal i de, al kyl -tri pet hyl apmoni um sal ts and, di a) kyl di mret hyl anmoni um sal ts,
lauryl tri nBERyYeABIMAT HHBRI S DratHey ot tiy? by oy S ammontinn

al kyam gypal deydridt 8t ﬂmn@d@mbﬁuﬂd%ﬁéthym@d{oswet@ﬁ aﬁﬁﬂ&m ahi8Hdd drivdkide, anmoni um

salt, dial kyl benzene di al kyl anmoni um chl ori d di decyl di met hyl amoni um

chloride, NREisHigarshdizmsoamumarhy] suphtisn aaﬁsl dE‘I‘ﬂﬂ@fl PEZYHHRBRY AL e,
N-al kyl (G Gitdrflid offbrbREddYlaudt dimethyl (ethenoxy)s ammonium chloride or bromide, N-alkyl

(C12.13)dimethylbenzyl ammonium chloride, N-alkyl (Ci4.15)dimethyl-benzyl ammonium
chloride, N-tetradecylidmethylbenzyl ammonium chloride monohydrate, dimethyl didecyl

15 ammonium chloride, N-alkyl and (Cy2.14) dimethyl 1-napthylmethyl ammonium chloride,
trimethylammonium halide, alkyl-trimethylammonium salts and dialkyl-
dimethylammonium salts, lauryl trimethy! ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
dialkylbenzene dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-

20  tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(Cj2.14) dimethyl 1-
naphthylmethyl ammonium chloride and dodecyldimethylbenzyl ammonium chloride,
dialkyl benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride,
alkylbenzyl methyl ammonium chloride, alkyl benzyl dimethyl ammonium bromide, Cia,
Cys, Cy7 trimethyl ammonium bromides, dodecylbenzyl triethyl ammonium chloride,

25  poly-diallyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride (ALIQUAT
336™), POLYQUAT 10™, tetrabutylammonium bromide, benzyl trimethylammonium

30  bromide, choline esters (such as choline esters of fatty acids), benzalkonium chloride,

stearalkonium chloride compounds (such as stearyltrimonium chloride and Di-
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napht hyhnet hyl ammoni um chl ori de and dodecyl di net hyl benzyl amoni um

chl oride, dialkyl benzeneal kyl ammoni um chl oride, lauryl trinethyl ammoni um
chl ori de,wal2kytaearayl met hyl anmmoni um chl oride, al kyl beazyis2aicmeichy |
ammoni um bromde, C2, C5, C7 trimethyl amoni um brom des, dodecyl benzyl
triethyl ammoni um chloride, poly-diallyldinmethylamoni um chl oride (DADVAC),
di met hyl ammoni um chl ori des, al kyl di net hyl anmoni um hal ogeni des, tricetyl
met hyl ammoni um chl ori de, decyl tri nmet hyl ammoni um br om de,

dodecyl tri et hyl anmomum brom de, tetradecyltrinethyl ammoni um brom de, nethyl
trioctyl amoni um chl ori de (ALI QUAT 336(tm ), POLYQUAT 10(tm,

t et rabut yl anmoni um brom de, benzyl tri nethyl amoni um brom de, choline
esters (such as choline esters of fatty acids), benzal konium chl ori de,

st ear al koni é!éﬁ‘rﬁﬁhh%hiuﬂ?ch@&iﬁ@?@&%yﬁﬁﬂﬁt}n a@nﬁa@@raaio&{de mnhymﬁg Boride and

Di st earyl di moni um chl ori de)’, cetyl di ni_ um brom de or | oride, halide
salts of qu%@@ﬂﬁzmlyswe}lmlestlwmﬁ, Mr?prké% an%h;&ﬁ@_%m“ @dlgarAL KAQUAT(t m)
(Al kari | E@gﬁ yamylg;( m@gah@ hfiﬁﬁé&“sﬁé}l AsSillcyRILRES dia YGRS,

al kyl am nes, al ky anol am nes yet hyl"enepol yanrnes,

N, N- di al kyI %éhﬁnnbmm@y,l poa@ﬂvleatr@éyanamﬁs NJNﬁ?ﬂaﬂvgamlmaﬂ%'l aaylare agdiving] such as
| auryl ARt ﬂﬁlﬁ% sadth esg&y 5 1@4}}@%@&2@ § staa%mlpxgaeg Ny 'ag?fq §%htmu and

al kyllmda [Tum sa am ne’ oxXi e’ azol'tnium’s pr&'onated
guat ernary saly eylldaﬂaytlmstaztﬂmhmltmdnqnmmedasalrrydqmbymamsaltg pedtorased

pol y[ di al | yI i_met hl.or an vi nyl pyridinium
chloride]; BRGEERS %H?rgﬂgﬁjg}emy t(flhquél Ién?ﬁf%qug%r&tsflgh?sc? i{wl? e stabilizers
and ot her udigkthlylamadoniuni chl@ide] adeobt@bleitzbriaylaryedibase ehlbedk]j andJ. Cross and
E. Singer, Cgt i.onic Surfactants: Analytical and Biol ogi cal Eval uation
(Marcel Deki8PC8484): pP. and D. Rubingh (Editor), Cationic Surfactants:
Physi caiO Chem st ry (Marcel Dekker, 1991); and J. Richnond, Cationic

Surfactants: nic Chemstry, rce| . Dekke 1990 Nonpol meric surface
stabilizers are ﬁ@%‘?&ﬁ%&(%{npéu% {alllllaersg (Pfheruse 1 cationic surface

stabilizers are described in J. Cross and E. Singer, Cationic Surfactants: Analytical and
Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh (Editor), Cationic
Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J. Richmond, Cationic

15 Swurfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such
benzalkonium chloride, a carbonium compound, a phosphonium compound, an oxonium
compound, a halonium compound, a cationic organometallic compound, a quarternary

20  phosphorous compound, a pyridinium compound, an anilinium compound, an ammonium
compound, a hydroxylammonium compound, a primary ammonium compound, a
secondary ammonium compound, a tertiary ammonium compound, and quarternary
ammonium compounds of the formula NR;R,RsR,™. For compounds of the formula
NR;RoR;R,M:

25 )] none of R;-Ry4 are CHz;

(i1) one of Ryj-R4 is CH3;

(iii)  three of Rj-Ry are CH;

(iv)  all of Ry-R4 are CHj5;

W) two of Rj-R4 are CHj3, one of Rj-Ry4 is CsHsCH,, and one of Ry-R, is an

30 alkyl chain of seven carbon atoms or less;
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benzal koni um chl ori de, a carboni um conpound, a phosphoni um conmpound, an
oxoni um conpound, a hal oni um conpound, a cationic organonetallic conpound,
a quart erwanygophesphor ous conmpound, a pyri di ni um conpoumdT/tsROcENRIHHNI UM
conmpound, an anmoni um conpound, a hydroxyl anmoni um conpound, a primary
ammoni um conmpound, a secondary anmoni um conpound, a tertiary amoni um
conpound, and quarternary amoni um conpounds of the formula NR R R3R4 . For
conmpounds of the formula NRIR2ZR3R4 : (i) none OR -R4 are CH3; (ii) OnC
OR-RJs CH; (iii) three of RI-R4 are CH3; (iv) all OR -R4 are CH3; (V)
two OR -R4 are CH3, one O R-Ris CHsCH2, and one O R -R4 is an al kyl
chain of seven carbon atons or less;(vi) two ORpR are CH3, one OR]-R4 is
C HSCH2, and one of R|-Ris an al kyl chain of nineteen carbon atons or

more; (vii) two &kRp s 4. d LERPRGisHs( CHa) n,
where n>l; (vili i(gtmﬁv@%]%ﬁggg’%?ﬁd%ﬂ& R f(tl%% ’%‘@c‘:‘%ﬁ&ﬂ%&ﬁ‘d one of
Ri -R4 conprises at | elskchomeof hepwetomatqmsgrmases OfF R] - R4 are CH3, one

G R -Re are oo ohe 0 1SRy R ECR A RBREREET shhe ePRFCARTARIONBERT 7] oot
one cyclic fragnment; nfki) two of R|-R4 are CH3 and one of R -R4 is a phenyl
fragnents. " sueh CBhpbinta et b el BPR Gk pB STk BRenal koni um
chl ori de, comprises at least one heteroatom;

(ix)  two of R;-Ry4 are CHj3, one of Rj-Ry is CsHsCHp, and one of Rj-Ry

comprises at least one halogen;
x) two of R;-Ry are CHs, one of Rj-R4 is CgHsCHj, and one of Ry-Ry
10 comprises at least one cyclic fragment;
(xi)  two of Rj-Ry4 are CHj; and one of R;-Ry is a phenyl ring; or
(xi1)  two of R;-R4 are CHj3 and two of R;-Ry are purely aliphatic fragments.

Such compounds include, but are not limited to, behenalkonium chloride,

15  benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride, lauralkonium
chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium chloride, cethylamine
hydrofluoride, chlorallylmethenamine chloride (Quaternium-15), distearyldimonium
chloride (Quaternium-5), dodecyl dimethy! ethylbenzyl ammonium chloride(Quaternium-
14), Quaternium-22, Quaternium-26, Quaternium-18 hectorite, dimethylaminoethyl-

20  chloride hydrochloride, cysteine hydrochloride, diethanolammonium POE (10) oletyl
ether phosphate, diethanolammonium POE (3)oleyl ether phosphate, tallow alkonium
chloride, dimethyl dioctadecylammoniumbentonite, stearalkonium chloride, domiphen
bromide, denatonium benzoate, myristalkonium chloride, laurtrimonium chioride,
ethylenediamine dihydrochloride, gnanidine hydrochloride, pyridoxine HCI, iofetamine

25  hydrochloride, meglumine hydrochloride, methylbenzethonium chloride, myrtrimonium
bromide, oleyltrimonium chloride, polyquaternium-1, procainehydrochloride,
cocobetaine, stearalkonium bentonite, stearalkoniumhectonite, stearyl trihydroxyethyl
propylenediamine dihydrofluoride, tallowtrimonium chloride, and hexadecylirimethyl
ammonium bromide.

30
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benzet honi um chl ori de, cetyl pyridinium chloride, behentrinonium chloride,
| aur al koni um chl ori de, cetal koni um chl oride, cetrinoni um brom de,

cet ri noniwon2eéarizde, cet hyl am ne hydrof | uori de, chl or alPcylusedoaeosns ne
chl oride (Quaternium 15), distearyl dinmoniumchloride (Quaterniumb),
dodecyl di nethyl ethyl benzyl anmmoni um chloride(Quaternivim 14),
Quaterni um 22, Quaternium 26, Quaternium 18 hectorite

di met hyl am noet hyl chl ori de hydrochl ori de, cystei ne hydrochl oride,

di et hanol ammom um POE (10) ol etyl ether phosphate, diethanol amoni um PCE
(3)ol eyl ether phosphate, tallow al koni um chl ori de, dinethyl

di oct adecyl ammom unbent oni te, stearal konium chl ori de, dom phen brom de,
denat oni um benzoate, nyristal konium chloride, laurtrinonium chloride,

et hyl enedi ani ne @iy RchbMELare @Ml%v&ﬂﬂ%@o?&n%mre@ﬁeﬁ"3 xi ne HA ,

i of et am ne hydroch| oride, meglum ne hydrochl oride, nethyl'benzethoni um
chloride, nigehniqueplsosm ipisrard dVosh pEipsershrssistaRilieers sreikaewn pearpaceatienn ni um 1,

procai nehydgachl ari der. £oGRReHAL A Il}‘lﬁ{ %z@b&&@( %mﬁ%{%ﬂ%}?@& Jf‘? ﬁ;‘ients,

st ear al koni untiectonite, steary ydroxyet hyt propyl ene
di hydr of | uapibliehed jeintiyohyt the Aoreiriasn Riskoadeukécal Asrdcinboreatd Bpk Pharmeedutital anmoni um

brom de. The‘?M%%gﬁﬁmﬁﬁﬁﬁhk&ﬁﬁgﬁmﬁﬁ§m&@ﬂﬂﬁkﬁg?kb¥ avai | abl e and/ or can.be

prepare ni ques t hese surface stabilizers
are known pharnaceutlcal eXC|p|ents and are described in detail in the

Handbook of Phar, ceuthg Eﬁ@p ients, ubllshed h%h % b%$}he Anerican
Phar naceut i cal 88?]8?3? oS 8 ngﬁﬁlara Pl PdEH QPTEIAoRE Q8% Oy | t ai n
(The Phar mamerstcompbunls essyl i2(G6Mhg sa[ii]&pﬁl@ﬂiafbs sltﬂilaﬂﬁlemﬁl didagletsnivie Rdlated can
conprise, in additign to ziprasid re co oun seful in
treating sc‘Fﬁ@‘é‘B‘?F‘r ﬁOIBPOSé'?‘?ﬁ e q??eel??ta'g{““ﬂ?t%r(‘?fﬁm SRR ﬁ‘a‘ﬂ“éﬂ condi ti ons.

The conppsi édnmauﬂmwt@bes&h@ac@waoﬁipsﬁﬂs PEbIdrAblE @1judB qiols@msem to uSatmbnta
conpound. Th%ﬁg ot her. active conpounds preferably i ncl ude those useful for
treat ment off 9L PIPIEigAYTICh ghieadeflips, fyerieioptetiedid Glsy dikg condiiopnibialere ang

other |ike gapdiy b&asioﬁehae&lﬂﬁsrcﬁlz%ﬂﬁ@ﬁﬁéd&émw sycRNRBIE ddokderss Ghtzapike eni a and
simlar psychiatric disorders uch active
compounds should be present in a manner, as determined by one skilled in the art, such
that they do not interfere with the therapeutic effect of ziprasidone.
15
The composition of the present invention may comprise also one or more binding
agents, filling agents, diluents, lubricating agents, emulsifying and suspending agents,
sweeteners, flavoring agents, preservatives, buffers, wetting agents, disintegrants,
effervescent agents, perfuming agents, and other excipients. Such excipients are known
20  inthe art. In addition, prevention of the growth of microorganisms can be ensured by the
addition of various antibacterial and antifungal agents, such as parabens, chlorobutanol,
phenol, sorbic acid, and the like. For use in injectable formulations, the composition may
comprise also isotonic agents, such as sugars, sodium chloride, and the like and agents for

use in delaying the absorption of the injectable pharmaceutical form, such as aluminum

25 monostearate and gelatin.

Examples of filling agents are lactose monohydrate, lactose anhydrous, and
various starches; examples of binding agents are various celluloses and cross-linked
polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101 and Avicel®

30  PH102, microcrystalline cellulose, and silicified microcrystalline cellulose (ProSolv
SMCC™),
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conpounds shoul d be present in a manner, as determ ned by one skilled in
the art, such that they do not interfere with the therapeutic effect of

zi prasi dowe.2ofte7enposi ti on of the present invention nmMegTABWGI03RIR] SO one
or nore binding agents, filling agents, diluents, lubricating agents,
enul si fying and suspendi ng agents, sweeteners, flavoring agents,
preservatives, buffers, wetting agents, disintegrants, effervescent agents,
perfum ng agents, and ot her excipients. Such excipients are known in the
art. In addition, prevention of the growh of mcroorgani sns can be ensured
by the addition of various antibacterial and antifungal agents, such as

par abens, chl orobutanol, phenol, sorbic acid, and the like. For use in

i njectable fornul ati ons, the conposition may conprise al so i sotonic agents,
such as sugars, sodiumchloride, and the |ike and agents for use in

del ayi ng the absorption of the injectabl e pharmaceutical form such as

al um num nonost editable lubrgangs nstuding agsapibreact o theiflowpbiljtyag dstrowdertobact ose
nonohydr at e ! nd: 1;0US ® X of bi ndi ng
agents are %% io&gé%gﬁpﬂ¥§£ggégﬁggggégg@ﬂ#ﬁﬁéﬁﬁp%p§§§%$%%§$%%’idone,

m cr ocr yst ahhgmgunetdaatey sdsivmisodarads allsibelger.) PH A and Avicel (r) PH 02,
mcrocrystalline cellulose, and silicified mcrocrystalline cellulose
(ProSolv SMCC(tm)). Suitable lubricants, including agents that act on the
flowability of thempkwdetwdenle aromphenmed; arffidalcokétonetabclsislsu&os, di oxi de,
such as Aerosil(r). 200, talc, stearic acid, magnesi um stearate, cal cium

st ear at e, a’ﬁ'zltosli slo%h(]:lgl Bhgharigs,explamals, %Pa@%e%gﬁgﬁﬁee gémplwf&aé?“%r
artificial peRebRMignaSHet? @adshek 0BRIAROD) BiuBble 8RN, SRALENAfIAVs,

cycl amate, aspartame, and acsul fame. Exanpl es oﬁ flavoring agents are
Magnasweet 3fYbelikeademark of MAFCO), bubble gum flavor, and fruit flavors,
and theydike. Exanples of preservatives are potassium sorbate,

nmet hyl par aben, propyl paraben, benzoic acid and its salts, other esters of
par ahydr oxybenz di*émales of rreservativestine §etpaivalrerbate, methylparaben, propylparaben,

benzoic acid and its salts, other esters of parahydroxybenzoic acid such as butylparaben,
alcohols such as ethyl or benzyl alcohol, phenolic compounds such as phenol, or
quarternary compounds such as benzalkonium chloride.

15

Suitable diluents include pharmaceutically acceptable inert fillers, such as

microcrystalline cellulose, lactose, dibasic calcium phosphate, saccharides, and/or
mixtures of any of the foregoing. Examples of diluents include microcrystalline
cellulose, such as Avicel® PH101 and Avicel® PH102; lactose such as lactose

20  monohydrate, lactose anhydrous, and Pharmatose® DCL21; dibasic calcium phosphate

® . .
such as Emcompress ™ ; mannitol; starch; sorbitol; sucrose; and glucose.

Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone, corn
starch, potato starch, maize starch, and modified starches, croscarmellose sodium, cross-

25  povidone, sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples such as an organic acid
and a carbonate or bicarbonate. Suitable organic acids include, for example, citric,
tartaric, malic, fumaric, adipic, succinic, and alginic acids and anhydrides and acid salts.

30  Suitable carbonates and bicarbonates include, for example, sodium carbonate, sodium

bicarbonate, potassium carbonate, potassium bicarbonate, magnesium carbonate, sodium
-6 -



al cohol s such as ethyl or benzyl alcohol, phenolic conmpounds such as
phenol, or quarternary conpounds such as benzal koni um chl ori de. Suitable
di | uent s wochame7phar maceutically acceptable inert fill @C3/USswcin2mss

m crocrystalline cellul ose, |actose, dibasic calcium phosphate,

sacchari des, and/or m xtures of any of the foregoing. Exanples of diluents
include mcrocrystalline cellulose, such as Avicel (r) PH A and Avicel (r)
PH102; | actose such as | actose nonohydrate, |actose anhydrous, and
Pharmat ose (r) DCL21; dibasic cal cium phosphate such as Entonpress(r);
manni tol ; starch; sorbitol; sucrose; and glucose. Suitable disintegrants
include lightly crosslinked polyvinyl pyrrolidone, corn starch, potato
starch, maize starch, and nodified starches, croscarnell ose sodi um

Cr 0SSpoVi dOgl?Gin§&Q$dhme§L@¥s?& SHERE B8 aroBife CHBdnHe RIERGHR Pl es of

ef fervescent agents are effervescent couples such as an or éﬁ? acid and a
car bonat e of°dBEbiFabeniccompapens bf e offerapicentgevmie manbe prdesnt.f or  exanpl e,
citric, tartaric, malic, fumaric, adipic, succinic, and alginic acids and
anhydrides and acid salts. Suitable carbonates and bi carbonates include,

for exanple, Soﬁlﬂ%ﬁ%mf%e Lﬁ@&hf&%éﬁh‘&ﬁhﬂg g%fqﬁnse{%§5%%§ﬁ1{éma§]§%§@g§t e

pot assi um bi carbonat e, magnesi um car bonat e, ngl yci ne car

L-1ysi ne® ca# Yrbirde derealint, eollgétivelye“@aidsdhat e. Al ternatively, only the sodium
bi car bonat e conponent of the effervescent couple may be present. The
conposition of the present invention may conprise also a carrier, adjuvant,
or a vehicl e ( héibeahiaprrticglatelcenipbsidng carl bamadeausiip) for Thenpdgmaiagt i cul at e

conpositio can .be. made .usi.ng,. faor ex I m ] ling, honogeni zation
precipitatﬁ%ﬁF%%ng?l e KF?P%cﬁﬁ%ﬁgﬁgﬁmP%?Hﬁgaﬁﬂgﬁ'%ﬁ@ﬁé@%ry met hods
of maki ng naetbedrdf neking nendpanipolaietdompssitid® actedstritee th the’dsheate®B4 pat ent .

®
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5,560, 932; H3BAB718318, 1885386 2TW; 5565,301; K1632,588.%, 560480, £883.133; 5,534,270;
5,510,118; and 5,470,583.

In one method, particles comprising ziprasidone are dispersed in a liquid

15  dispersion medium in which the ziprasidone is poorly soluble. Mechanical means are
then used in the presence of grinding media to reduce the particle size to the desired
effective average particle size. The dispersion medium can be, for example, water,
safflower oil, ethanol, t-butanol, glycerin, polyethylene glycol (PEG), hexane, or glycol.
A preferred dispersion medium is water. The particles can be reduced in size in the

20  presence of at least one surface stabilizer. The particles comprising ziprasidone can be
contacted with one or more surface stabilizers after attrition. Other compounds, such as a
diluent, can be added to the composition during the size reduction process. Dispersions
can be manufactured continuously or in a batch mode. One skilled in the art would
understand that it may be the case that, following milling, not all particles may be reduced

25  to the desired size. In such an event, the particles of the desired size may be separated

and used in the practice of the present invention.

Another method of forming the desired nanoparticulate composition is by
microprecipitation. This is a method of preparing stable dispersions of poorly soluble
30  ziprasidone in the presence of surface stabilizer(s) and one or more colloid stability-
enhancing surface active agents free of any trace toxic solvents or solubilized heavy metal
27 -



In one nethod, particles conprising ziprasidone are dispersed in a liquid
di spersion nediumin which the ziprasidone is poorly sol uble. Mechanical
means ar ewOheor/1232d i n the presence of grinding nedi a tecraseas/orises
particle size to the desired effective average particle size. The

di spersion medi um can be, for exanple, water, saffiower oil, ethanol,
t-butanol, glycerin, polyethylene glycol (PEG, hexane, or glycol. A
preferred dispersion mediumis water. The particles can be reduced in size
in the presence of at |east one surface stabilizer. The particles
conprising ziprasidone can be contacted with one or nore surface
stabilizers after attrition. OQher conpounds, such as a diluent, can be
added to the conposition during the size reduction process. D spersions can
be manuf act; . GORL | ' . : ' in the art
woul d unde?@%@ﬂﬁgtE%?nﬁgaﬁgiagénFﬁ%ﬁgSS%&?%gP?ﬂfgﬁﬁg%?%ghﬁﬁﬁi#%g, not all
particl es meijabiesohwduDaddiog thedonmdatioa drogi step (1) to sipdiionmomprsing atlénst
particles of i.r.ed si bhe . used in..the practice of
Phe. pr esontt MBSt Fabik S S MRy R e BR A AR A et G0 ) Dl

nanopart i cuppbpritonpoesiltdnonThesnéhoddanbe folbwiediby at¢mhonal offdny $orned aaliyeft hod of

[ t abl e di. i f I | ubl [ i d inth
of _sur f dce PESHI 1Y SAVES ff GRABla B hseRTuBFIOBHE LPERIon Y SeREEIRFhG <ur f ace
active agent@nd.ree of any trace toxic solvents or solubilized heavy

metal i nmpurities. Such a nmethod conprises, for exanple: (1) dissolving
zi prasidone in a suitable solvent; (2) adding the fornmulation fromstep (1)

to a sol ution caMphbsiriiGlaé cd@Rsition iRy SEdRee aBb 8P hbhmE@hizagdd (3)
precipitating the formulation fromstep (2 -using1an apgrq?riate
non-solvenﬁ?mFﬁ@QHEPH&Hméﬁﬁmﬁ@ﬂ@ﬁ$Pﬁ%ﬁﬂ“%@gF@%ﬁv terNoap I bt salt, if

presentyy bypgicalsys b§ep%/§df&idpkati@¢s@bsﬁa’eﬂs COMEaMENhbHti9ds. 1 Bechdi sper si on
by conventional neans. A nanoparticul ate_conposition may be forned al so by
homogeni zatheskpd ERpRpsslisperipgmgaisles sempiringspaddongiea §ede dispedonn U. S,
Patent No. g0 ik Jy%ﬁbj%gfn%QEeS(ﬁs&fsid?ﬁg RBfbS%hiANES AREMICE theGRARRST L Ons
Cont ai ni ng Nanoparticles.” "Such a

size to the desired effective average particle size. The particles can be reduced in size in

the presence of at least one surface stabilizer. The particles can be contacted with one or

15  more surface stabilizers either before or after attrition. Other compounds, such as a
diluent, can be added to the composition before, during, or after the size reduction

process. Dispersions can be manufactured continuously or in a batch mode.

Another method of forming the desired nanoparticulate composition is by spray
20  freezing into liquid (SFL). This technology comprises injecting an organic or
organoaqueous solution of ziprasidone and surface stabilizer(s) into a cryogenic liquid,
such as liquid nitrogen. The droplets of the drug-containing solution freeze at a rate
sufficient to minimize crystallization and particle growth, thus formulating nano-
structured particles. Depending on the choice of solvent system and processing
25  conditions, the particles can have varying particle morphology. In the isolation step, the
nitrogen and solvent are removed under conditions that avoid agglomeration or ripening

of the particles.

As a complementary technology to SFL, ultra rapid freezing (URF) may also be

30  used to create equivalent nanostructured particles with greatly enhanced surface area.
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met hod conprises di spersing particles conprising ziprasidone in a liquid

di spersion nedium followed by subjecting the dispersion to honobgeni zation
to reducewdheoyariiscl e size to the desired effective avecagms2@antices e si ze.
The particles can be reduced in size in the presence of at |east one
surface stabilizer. The particles can be contacted with one or nore surface
stabilizers either before or after attrition. O her conpounds, such as a

di luent, can be added to the conposition before, during, or after the size
reducti on process. Dispersions can be manufactured continuously or in a

bat ch node. Another nethod of form ng the desired nanoparticul ate
conposition is by spray freezing into liquid (SFL). This technol ogy
conprises injecting an organi c or organoaqueous sol ution of ziprasidone and
surface st abRIFicampfises tdkig® WatSLMRGIBIR shlyiGld, drgafidClt RSnbhdidbg sBivtibRgen. The
droplets of the drug-containing solution freeze at a rate sufficient to

i ni ni ze cr YARPYlongEng prkse stakilizare) @dgpBng it AQs crypgeRin wbstiage. The

nanost r uct ugebnPRMdnGLASved BIREANE AGH AybHBRLLRGH &eatmgsp‘ﬁgﬁefﬁwze.%igﬁﬁgrem and
processing conditions, the particles can have varying particle norf phol ogy.

I n the i sol with 816 reulippg neppstrgtured gamiclanmedlingent are renoved under
conditions that avoid aggloneration or ripening of the particles. As a
conpl ementary technology to SFL, ultra rapid freezing (URF) nay al so be
used to create etuithalretitodwd fostngibte deseed paopircdudae varppsgioeatbyy enhanced
surface are o rises talcing. a water-mscible, anhydrous anic, or
or ganoaquectzras SR of e Sulich o les bt F el Gea ¥ b By

appl yi ng i tpatitlesiae distyibgtimi and sapid dissiveion padorsahace Mhe ngthodenmpasmdved by

h | hil.i.zatj on or. at her i freeze-dryin i .t he
eaul i ng. nARBETEAR U 5EP PR iy R I A  RABEACP “HEEHO B or mi ng t he
des: rgdlman@wrtsingu[ms&loﬂeambﬁnrﬂa' di:eosrﬂaliﬂjizelt(y). Uth_ﬁfﬂzaﬂetr?ﬁﬁdlaxféfgﬁb palf@cfmslt . liabe.
Sl on creates a -Sstructure articles w contro e ar cle Slze
MR B 2 A U T S e e L R

preparing adru@i Thé parti@é Sife @MbeSbRO1RA End HRiMiZaeh HidiSlotdss. Wilrthednd?®N- aqueous
solution through selected use of solvents and stabilizers, emulsion stability is achieved with no or
suppressed Ostwald ripening. Subsequently, the solvent and water are removed, and the
15  stabilized nano-structured particles are recovered. Various particle morphologies can be

achieved by appropriate control of processing conditions.

The invention also provides a method comprising the administration of an

effective amount of a nanoparticulate composition comprising ziprasidone.

20
The composition of the present invention can be formulated for administration
parentally (e.g., intravenous, intramuscular, or subcutaneous), orally (e.g., in solid, liquid,
or aerosol form, vaginal), nasally, rectally, ocularly, locally (e.g., in powder, ointment, or
drop form), buccally, intracisternally, intraperitoneally, or topically, and the like.
25

The nanoparticulate composition can be utilized in solid or liquid dosage
formulations, such as liquid dispersions, gels, aerosols, ointments, depots, creams,
controlled release formulations, fast melt formulations, lyophilized formulations, tablets,
capsules, delayed release formulations, extended release formulations, pulsatile release

30  formulations, mixed immediate release and controlled release formulations, etc.
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conprising ziprasidone and surface stabilizer(s). The size distribution of
the particles is a direct result of the size of the enulsion droplets prior
t o | oadi yoahowtez7enul sion with the drug. The particl e PCTAISCENE/0REBIS
controlled and optim zed in this process. Furthernore, through sel ected use
of solvents and stabilizers, emulsion stability is achieved with no or
suppressed Gstwal d ripening. Subsequently, the solvent and water are
renoved, and the stabilized nano-structured particles are recovered.
Various particle norphol ogi es can be achi eved by appropriate control of
processing conditions. The invention also provides a nethod conprising the
adm nistration of an effective anobunt of a nanoparticul ate conposition
conpri sing zi prasidone. The conposition of the present invention can be

fornmul ated for @Gﬁg&ﬁ}n&@&dw@ @Pﬁﬁ&h&&ﬂ ﬁéf]eét%n ay doMpRY BRRISegidaMlyr amuscul ar

or subcut aneous) rall e.g., In soli ui'd, or aerosol form
vagi nal ), masalable, Sterléecﬁtqawuyor OB, solugiens, figpgraions, suspeRSBAEEr . oi nt ment

or Jdrop for muls.‘xﬁneca%al e poBhLATL LSRR info U APEFIClBRB ks @ LOPIcCal ly,

nan e conposition can be utilized in solid or
| i qui d dos a@@eﬁsmnmjﬁmmpmﬂ of sustablle ageeohs and Hneiquprs siuwiass, digpehis, sohepbsol s,

oi nt nent_s, de ots tral | t
f or mul at’ or’i)§ 1%/‘8 %@F‘??%ga%rﬁnlﬁ d go‘?ﬂoﬁ &){%%fe%eél%o’f;{l ?ﬁlﬂg’ﬁ]& (%f‘ g%ege rel ease
; or nu: ati O@yceﬁxtaﬁdgdﬁdlké)gimﬁle nilmumsltm%lfn&getpblb odt (shél asallizagid) and

ornmul ati ons, xed | at | ed f I
o PRl Af o B Pp H ha ShBgRL i o om
physi ol 0gi Gahhple A8aBRPisabF £oaliiag shoh aawmsbpme mmtmumfshesmhmtado ns,

di spersions, suspensions or. enul.sions wders for
reconst i t uthaBicls ¥redn Q’F«S?ﬁel"gd’isﬂﬁ*réle?saﬁ%b%@F 49 ‘gtrr‘f’g ?ﬁr‘gg? spersi ons. Exanpl es

of hsu: t@@bl e agueous and non-aqueous carriers, diluents, solvents, or

vehi cl es |nclud|n wat er, et hanol poI ol s pyl ene

pol yet hyl ene- gl yebd dosagefempsdor omghafingigis tr%é@“fg%ﬁ%? ‘g"t?(‘l“wteﬂr“ééabtl‘iji%r eof ,
veget abl e Qlpgies Ssldai‘étsaﬁ)z gwso@aéra pAldod g}hﬁﬁésam&h@&gﬂm&ag%%ﬂ sansiech as
ethyl oleate. Pro can be maintained, for examp t he use of

a coating sfet%aﬁlﬁﬁl %@Fttfmlﬁ”ﬁosw fore cprioiicdrelfrse datage framy B’&B)i“fé"dl osage

form, delayed release dosage form, extended release dosage form, pulsatile release dosage

15 form, mixed immediate release and controlled release dosage form, or a combination
thereof. A solid dose tablet formulation is preferred. In such solid dosage forms, the
active agent is admixed with at least one of the following: (a) one or more inert
excipients (or carriers), such as sodium citrate or dicalcium phosphate; (b) fillers or
extenders, such as starches, lactose, sucrose, glucose, mannitol, and silicic acid; (c)

20  binders, such as carboxymethylcellulose, alignates, gelatin, polyvinylpyrrolidone,
sucrose, and acacia; (d) humectants, such as glycerol; () disintegrating agents, such as
agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain complex
silicates, and sodium carbonate; (f) solution retarders, such as paraffin; (g) absorption
accelerators, such as quaternary ammonium compounds; (h) wetting agents, such as cetyl

25  alcohol and glycerol monostearate; (i) adsorbents, such as kaolin and bentonite; and (j)
Iubricants, such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodium lauryl sulfate, or mixtures thereof. For capsules, tablets, and pills, the dosage

forms may also comprise buffering agents.

30 Liquid dosage forms for oral administration include pharmaceutically acceptable

emulsions, solutions, suspensions, syrups, and elixirs. In addition to ziprasidone, the
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particle size in the case of dispersions, and by the use of surfactants.
Solid dosage forns for oral adm nistration include, but are not limted to,
tabl et s, woepsales73sachets, | ozenges, powders, pills, orcgrseaces3connd the
solid dosage formcan be, for exanple, a fast nelt dosage form controlled
rel ease dosage form |yophilized dosage form del ayed rel ease dosage form
ext ended rel ease dosage form pulsatile release dosage form m xed

i mredi ate rel ease and controlled rel ease dosage form or a conbination
thereof. A solid dose tablet fornmulation is preferred. In such solid dosage
forms, the active agent is adm xed with at |east one of the follow ng: (a)
one or nore inert excipients (or carriers), such as sodiumcitrate or

di cal ci um phosphate; (b) fillers or extenders, such as starches, |actose,

sucrose, gl Qﬁcﬁ)sam xﬁ)el coﬁﬁ%ﬂsesxhért Hihfen%(h'ogmncfnﬁ) sl ﬂfil‘ﬁé art, sﬁ{;}g!& Water

car boxynet hyl cel | ul ose ignates, gelatin, polyvinylpyrroli sucr ose,
and acaci a;or CHer splvesest mbgllznﬁﬂghm&ém@ expalsifists. R@PPMFS?mwlel@platarﬁr@h)dgent s,

such as agazﬁcoﬁglafso?xgeylﬁlcUﬂalcéféRQwrga’t RRLAIRLR Lokl as&gf%a{zgr al ginic

acid, certain co i cat e B ution
retarders, b;f;amteaBTOpﬂpmgfywﬂ 1 @@)lty&bsgiyml; d)meﬁnalfat@nad®pé$, sebcly as

quaternary i ht g h as ¢ al,cohol
and gl y?er %%n%ﬁ%d; qﬁ(?n%?l? Co‘é@)%nt(&sl%soﬁlt%a&or ao i nsaglﬁaﬁb%m 5?11t te; and
(j) lubri caﬁtaélydmﬁuﬁlrﬁalcbmmpomaiymnegiy&ﬂga?att@tae;d d¥RgNESbibins tog atiates sol i d

pol yet hyl en sodi,ym. | auryl sulfate, or m xtures thereof. For
capsul es, 26]%5‘%/%11%“%03 ‘W’fllk?he dosage forns nmay al so conprise buffering

agents. Liquid dosage forms for oral adm nistration include

phar maceuti cal | tabl si ons oI utions u ensl ons, syrups, and
elixirs. In addi Bmzy %’r@%ﬂ@ma{eﬁ ﬁ"lr%PeBB F‘H%Vﬁﬁmﬁﬁv Fonpri se

i nert diol U%ﬁr&l&ﬁﬁﬂﬁﬂ%eydetbﬁﬁﬂled BmpifiealB/. tAct@em absag§ levett 8f ziffasi@biiah w0l vent s,

sol ubi | i 2| ng a}%ents and enul sifiers. Exenplary emulsif ers are ethyl
al cohol , i SBPTREPFRlaln BwEtitionsof e HB’&PB%‘Q%}DG Yé"f“r?&ilto ohigingp amopeithe al cohol ,

benzyl be nm@gt Bat iPERRVERBlaKLHlosirdd BelPduil S0BEhKTH a pa%dﬁ@a& Byhp Qe de,
oils, such as cottonseed oil, 3roundnut oil, corn germoil, olive oil,

castor oil ang Agthod é)g?@mg]s’{ratlo@ Besedcted dosage Tevel therefore depends upon the
desired therapeutic effect, the route of administration, the potency of the administered

15  ziprasidone the desired duration of treatment, and other factors.

Dosage unit compositions may contain such amounts of ziprasidone or such
submultiples thereof as may be used to make up the daily dose. It will be understood,
however, that the specific dose level for any particular patient will depend upon a variety

20 of factors: the type and degree of the cellular or physiological response to be achieved;
activity of the specific agent or composition employed; the specific agents or composition
employed; the age, body weight, general health, sex, and diet of the patient; the time of
administration, route of administration, and rate of excretion of the ziprasidone; the
duration of the treatment; active compound used in combination or coincidental with

25  ziprasidone; and like factors well known in the medical arts.

I Controlled Release Compositions Comprising Ziprasidone
The effectiveness of pharmaceutical compounds in the prevention and treatment
of disease states depends on a variety of factors including the rate and duration of
30 delivery of the compound from the dosage form to the patient. The combination of

delivery rate and duration exhibited by a given dosage form in a patient can be described
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tetrahydrofurfuryl alcohol, polyethyleneglycols, fatty acid esters of
sorbitan, or m xtures of these substances, and the |like. One of ordinary
skill wi IWwoapgweeei7ate that a therapeutically effective aowustosin23695

zi prasi done can be determ ned enpirically. Actual dosage |evels of

zi prasidone in the nanoparticul ate conpositions of the invention may be
varied to obtain an anmount of the drug that is effective to obtain a
desired therapeutic response for a particular conposition and nmethod of

adm ni stration. The sel ected dosage | evel therefore depends upon the
desired therapeutic effect, the route of adm nistration, the potency of the
adm ni stered zi prasidone the desired duration of treatnent, and ot her
factors. Dosage unit conpositions nay contain such anounts of ziprasidone
or such su l daily dose. It
wll be un%gyg%gguﬁéﬁkﬁgégﬁéa?ﬁgﬁﬁ¥%g§g%2§??%gmg%ggﬂggmg or any

parti cul ar ageinisiered,wiill be dsspeintdd wigh A cenopefratien Wdﬁurétmtcrfﬁ@plmmcmmel and
degree of t| I r i o] i activity
of "t he. specippati i e, Slenth Bl spBSRRRRML Sy DRRARLANEE. 2 0
conpositi owompwrxdymiy i ﬂhelragmnamwhmxogtrms sge’marlabavlaéahhth, angdextes efnd di et

of the pati nls ration, and
rate of I%excr e t%)or][ll 389 {‘lﬁglati?npﬁ]asrel 8r°%{khana(§h errgﬁurltgw p&?sn{a%éﬁl? g%ﬁoﬁgnt active
conpound usSegoriant elembxitnmtdonsiderrin daignihie @eadtab therdpleszi pr asi done; and i ke
factors well known in the nedical arts. Il. Controll ed Rel ease Conpositions
Conprising Ziprasidone The effectiveness of pharmaceutical conpounds in the

prevention and Thealdigrofifes 6f ®easFoBisahHxBiORaTtkserd fatés anddutiynsdf factors
i ncl udi ng the rate and duration of delivery of the co ound fr?n1the dosage

formto th&eFase ARhPAY §hentprays ﬂaleql%ﬁﬁﬁ ﬁoa%ww% asepratiles, melyde mlsass

exhi bi tigd tpyofﬁesghm&hc&czﬁaﬂﬂy H06:8 dr Fhode mhh&e&nc@%nqﬁuﬂ&a@fdéa%as its in
vivo rel ease profile and, pendi n phar maceuti cal conpound

admi ni st er €gnbRREPgly @@%&%&%@O@ag %%rﬁalat @@mmﬁta@ﬁ%ﬁaw @le Auisaileof t he

phar maceut irgalse pRIRAYRGude RelbI6 pRIFRQGn RhRR TBleast RIATiEEEe hRanBfefofRnd s B
profile. As pharnmaceuti cal
more pharmaceutical compounds are released at different rates and/or over different time

frames. For any given pharmaceutical compound or combination of such compounds, the
15  release profile for a given dosage form gives rise to an associated plasma profile in a

patient. When two or more components of a dosage form have different release profiles,

the release profile of the dosage form as a whole is a combination of the individual

release profiles and may be described generally as “multimodal.” The release profile of a

two-component dosage form in which each component has a different release profile may
20  described as “bimodal,” and the release profile of a three-component dosage form in

which each component has a different release profile may described as “trimodal.”

Similar to the variables applicable to the release profile, the associated plasma

profile in a patient may exhibit constant or variable blood plasma concentration levels of
25  the pharmaceutical compounds over the duration of action and may be continuous or

pulsatile. Continuous plasma profiles include plasma profiles of all rates and duration

which exhibit a single plasma concentration maximum. Pulsatile plasma profiles include

plasma profiles in which at least two higher blood plasma concentration levels of

pharmaceutical compound are separated by a lower blood plasma concentration level and
30  may be described generally as “multimodal.” Pulsatile plasma profiles exhibiting two

peaks may be described as “bimodal” and plasma profiles exhibiting three peaks may be
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conpounds vary in their pharmacokinetic properties such as bioavailability,
and rates of absorption and elimnation, the release profile and the

resul t antwpl2asma7ygsof i | e beconme i nportant el ements to ceasiudesociomsed®si gni ng
effective therapies. The rel ease profiles of dosage fopns may exhibit
different rates and durations of release and nmay be conti nuous or

pul satile. Continuous release profiles include release profiles in which a
guantity of one or nore pharmaceutical conpounds is rel eased continuously

t hroughout the dosing interval at either a constant or variable rate.

Pul satil e release profiles include release profiles in which at |east two
discrete quantities of one or nore pharmaceutical conpounds are rel eased at
different rates and/or over different tinme frames. For any given

phar maceut i gatric@APOHBdIA" DepRhRgbhoR 1Akt nﬁ%{} I PIRAMIBASne b NS 6! ease
profile for a given dosage formgives rise to an assoclated plasm profile
in a pati enl?ha”WféH“qab\ﬁanouﬂ@rl@d‘é%ﬁw@)Wé despgdfors ad wekh gethe calepstipreéilagiof f er ent
rel ease profi . i t : e is a
oy mat | on o) ikl b EneRe i B Rk gl RReaAR Ao IR A LS

general | y agtherapantimentialor 2 putbesile phsssgeofpe opin aslngfisteatipne cmtiponent dosage
formin ghich each conponent has a different release profile nmay described
as "binmodal ," and the release profile of a three-conponent dosage formin
whi ch each conpdnent ethlasliraerd) thé pesnt inveltioa peviglkeod mhkipamiyulate seydifield as
"trinndal.ﬂeﬁggLJg{O& 0t@ﬁ.cvgriables E%icable%%q t he releaseigrofile, t he
associ at ed ‘SICAEFRTRPHFGT woieh ddiveR AiPLas doRG Or BINOPHTitles CORINE ZIASIIN, b e

bl ood pl asnia agoisaiiantaahdroThé anepaticlbs drbef hb apadeetibddabbvenapompdse over the
duration of .action and be..conti nuous or pulsatile. Continuous plasm
profiles iﬁﬂ?ﬁﬁgwﬂfggﬁﬁ%%¥8?@P§§'of all rates and duration which exhibit a
single mw asma concentrati on maxi mnum Pul satile plasma profiles include

pl asma profiles _in ich at wo hi gher bl ood, pl asma, concentration

: | east é
| evel s of phar maB &gt protfier egbosiuent the Bressabwvention PRYidss f BIEIPABICBBE pl asma
concent r at i godifievRleadBnipBYtiEwWEIEH 8¢1ivBR i HRANRHA ok YardPartifed dohtiRdas -

Pul satile plasma profiles exhibiting two )
ziprasidone, in a continuous manner. The nanoparticles are of the type described above
and comprise also at least one surface stabilizer.
15
In yet another embodiment, the present invention provides a multiparticulate
modified release composition in which a first portion of ziprasidone, or nanoparticles
containing ziprasidone, is released immediately upon administration and one or more

subsequent portions of ziprasidone, or nanoparticles containing ziprasidone, are released

20  after an initial time delay.

In yet another embodiment, the present invention provides solid oral dosage forms
for once-daily or twice-daily administration comprising the multiparticulate modified

release composition of the present invention.

25
In still another embodiment, the present invention provides a method for the
prevention and/or treatment of schizophrenia and similar psychiatric disorders comprising
the administration of a composition of the present invention.
30 In an embodiment, the present invention provides a multiparticulate modified

release composition in which the particles forming the multiparticulate are
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peaks may be described as "binodal" and plasma profiles exhibiting three
peaks may bedescribed as "trinodal." Depending on, at least in part, the
phar macokwoeaener78 t he pharmaceuti cal conpounds i ncl udedTius2ada@2zbesage
formas well as the release profiles of the individual conponents of the
dosage form a nultinodal release profile may result in either a continuous
or a pulsatile plasnma profile upon admnistration to a patient. In one
enbodi ment, the present invention provides a nultiparticulate nodified

rel ease conposition which delivers ziprasidone, or nanoparticles containing
zi prasidone, in a pulsatile manner. The nanoparticles are of the type
descri bed above and conprise also at | east one surface stabilizer. In stil
anot her enbodi nent, the present invention provides a nultiparticul ate

modi fied rehf@patiERAPPStitILOSE WhiyBOdekbodabsye? TRk AstFieitulaR bafBROREy | Cl es

contai ni ng zi prasjdone, in a continuous manner. The nanoparticles are of

the type de@dﬁﬁlﬁé‘dcm@émﬁ@eéﬁiﬁs? eatipg awsl/eta ediBied gleasesnptipmatesalabi | i zer .
In yet anot her enbodi nent, the present invention provides a

mul tiparticulate nodified release conposition in which a first portion of

zi prasi done, or 4eatiieg oot espedof thaiprisery innieptiers thgeerie provisied | eased

i mredi atel AT DSt : r i ons of

Zi prasi onéﬁﬁggaﬁanopg?@%gﬁég9%%ﬂ$§?§Pﬁﬁa%Fgﬁ§§?§§§%§£§?£ﬁ$%?%éied after an

initial tinentatiagparticley etd ahasitae sebaputhn@ntpondri eomppréseractivenugndiegn
rovides solid.oral age.forns for once-dai.ly or tw ce-dai

gdn‘i ni strat ?oggal%%?r%ar |K§q?5ngacth e Syt ?%’él}ptoln%nﬁgg‘flgg?r@ﬁ %\%ﬁ%?rgﬁ%%fédgﬁﬁ‘posi tion

of the presdfferenniventliedivst compaieint Whasiathlesst enbotiaidenmpoidns cpmpsent

i nvention provides qft

et Zophr en S i PR TR 51 B GOTher U BORpPFRGTTE
adni ni st0 at ¢cdmirihg particlopasi foindthe afuligagichlh@Sent thewdRt t@lain| N an embodi nent
Lhe pr eeet, LINehLLar RSk dos & ML LpaT  CUiate amd 1 Lol oasti
ar enanopar t itgeskiedi sPdideis@biser0fin hideher ¥iRBoHRASAIJ BRANRAANE nanbP&ticulate
nanopartic ullaa?:tgc espo?f’trﬁei %eegesc?rpﬁ)%ﬂ above which comprise ziprasidone and also at least one

surface stabilizer themselves are the drug-containing particles of the multiparticulate.

15  The drug-containing particles may be coated with a modified release coating.
Alternatively or additionally, the drug-containing particles may comprise a modified
release matrix material. Following oral delivery, the composition delivers ziprasidone, or
nanoparticles containing ziprasidone, in a pulsatile manner. In one embodiment, the first
component provides an immediate release of ziprasidone, or nanoparticles containing

20  ziprasidone, and the one or more subsequent components provide a modified release of
ziprasidone, or nanoparticles containing ziprasidone. In such embodiments, the
immediate release component serves to hasten the onset of action by minimizing the time
from administration to a therapeutically effective plasma concentration level, and the one
or more subsequent components serve to minimize the variation in plasma concentration

25 levels and/or maintain a therapeutically effective plasma concentration throughout the

dosing interval.

The modified release coating and/or the modified release matrix material cause a
lag time between the release of the active ingredient from the first population of active
30 ingredient-containing particles and the release of the active ingredient from subsequent

populations of active ingredient-containing particles. Where more than one population of
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as desired, contain a nodified rel ease coating and/or a nodified rel ease
matrix material. According to one aspect of the present invention, there is
provi ded wophevarezzeut i cal conposition having a first comrpOEsaa6OEPSF i Si ng
active ingredientcontaining particles, and at | east one subsequent
conponent conprising active ingredientcontaining particles, each subsequent
conponent having a rate and/or duration of release different fromthe first
conponent wherein at | east one of said conponents conprises particles
cont ai ni ng zi prasidone. In an enbodi nent of the invention,

zi prasi donecontaining particles that formthe nultiparticul ate nmay

t hensel ves contain nanoparticulate particles of the type descri bed above
whi ch conprise ziprasidone and al so at | east one surface stabilizer. In

anot her errbmwﬁ@;ed%t-&J}@mﬂgfﬁmlae@pmﬁa@Q%Eﬁﬂeg %J@JSQ tﬂ@ﬁqbéhﬁle@l%le%e the type

descri bed above which c ri Se ziprasi done and al so at [east one surface
stabilizer thﬁ%@dﬂéh@&n flﬁbrelfﬁsfgn@,t@hwteﬁialr@umlatlfig:ﬂlre@b%weqnﬁbe release

mul ti parti cyad Leivd. 1;5 req%ggfi\g@@ﬁeadlﬂwgﬁptaaamﬁ %a&maﬁ@e&%@g&ﬂalwg h a

nodi fied rel ease coa ernatively or addi tio
dr ug- cont ai peittirgespdibe dutaben ofithese daggimesenay beodiiéd @dalteehgaseoma@smm mat eri al .

Fol | O‘M Oe{n%}or q‘l%l a'rr}{)%ﬁty of tﬁeﬂ%ocﬁ?%%%ea& c%atn%eelnd or a eqng% OﬁnéJrQSlg Ihalbd({)é

nanopartlcles contain
enbodi nment , anhdvat 6f m@dlﬁmhmmmmmp nmtmdlaslhaerl mtmaa theatueatioa b &s eagdfme can

ziprasidonel5 r. nano artlc% gpntalnlﬁg zi prasi done, and the one or nore
subsequent ceoc%f)lgﬂe BT GEEPADH ' PRY r el ease of zi prasi done, or

nanoparti cl es containlng zi prasidone. I n such enbodi nents, the imedi ate
rel ease compone to haﬁﬁen t he nset %ﬁ?ctlon by mi.nimzing the

e 1 om aaim miHEeRBE PG PG PROB PR A ot Cieleh e opagfigp upon

concent reat | @hihiGYRion iPRGsthIRIIP BighiRE t0E FlaShDSBHRPMICQBORENt s serve to
mnimze the variation in plasnma _concentration |levels and/or naintain a

t her apeut i cAPpstggtog of F‘%Orrﬂl%{% B3 dewae fnpp gvebiraperisliybrmodified ghkaseng
interval . Td%ﬁlp@ﬁﬁbﬁ befle pRI®EIRARALL PFHANMIAUscluhRr BBHinfsteds LiptLRSE. ML i X

mat eri al cause
According to another aspect of the present invention, the composition can be

15  designed to produce a plasma profile that minimizes or eliminates the variations in
plasma concentration levels associated with the administration of two or more IR dosage
forms given sequentially. In such embodiments, the composition may be provided with
an immediate release component to hasten the onset of action by minimizing the time
from administration to a therapeutically effective plasma concentration level, and at least

20 one modified release component to maintain a therapeutically effective plasma

concentration level throughout the dosing interval.

The active ingredients in each component may be the same or different. For
example, the composition may comprise components comprising only ziprasidone, or
25  nanoparticles containing the ziprasidone, as the active ingredient. Alternatively, the
composition may comprise a first component comprising ziprasidone, or nanoparticles
containing ziprasidone, and at least one subsequent component comprising an active
ingredient other than the ziprasidone, or nanoparticles containing ziprasidone, suitable for
co-administration with ziprasidone, or a first component containing an active ingredient
30  other than ziprasidone, or nanoparticles containing ziprasidone, and at least one

subsequent component comprising ziprasidone, or nanoparticles containing ziprasidone.
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| ag tinme between the rel ease of the active ingredient fromthe first
popul ati on of active ingredient-containing particles and the rel ease of the
active i nyoedirent278r om subsequent popul ati ons of acti vePCT/US2006/023695

i ngredi ent-containing particles. Were nore than one popul ati on ofactive

i ngredi ent-containing particles provide a nodified rel ease, the nodified
rel ease coating and/or the nodified release matrix material causes a | ag
time between the rel ease of the active ingredient fromthe different
popul ati ons of active ingredient-containing particles. The duration of
these lag tinmes may be varied by altering the conposition and/or the anount
of the nodified release coating and/or altering the conposition and/or
amount of nodified release matrix material utilized. Thus, the duration of

the 1ag ti MRaGANREARSL AL, Pedﬁ@'nm‘@ﬂ&ﬁf&ﬁ&%@l@&ﬁﬁ@%&éc}n@pgerﬁecause the

plasma profile produced by the nodifiéd rel ease conposition n

adni ni st r atWVish theacdiye ingeadienisiargconinatibla witheaethethes| As petivorugrédient presditiced by
the adm ni st rati t r . s given sequentially, the
modi 1o r o as & SR e BRl o A0S ARG ATy Dok BRI UE Bl
useful for wthromderersengtizer pmamndd mesanohecomgionept bbtharompesitioas macderad t he

present & nvent.i ; ~conposi;tion can.be. desi gned to produce a plasm
profil e tha géﬁ%yﬁ?%)%g‘gaﬂ%?lﬁg’ﬁrrtrllleﬁ%’t'?‘étéc e{%ﬁgt\l}%{ﬁ?fati ons in plasma concentration
| evel s associated with the adm nistration of two or nore IR dosage forns

gi ven sequentially. |n such enbqdinents, .the conposition my be provided
with an i medi at® uts‘(;e‘i Reren, tE%W‘BBn‘:eUr]?f‘mteb THELY 184 PR O%ﬂé’g{‘aﬁﬁ Cé@ﬂecﬁ? by

mi ni m zi ng enhancirigtie dbsoMtiaElaidir bidaniilabllit 6f #h dhes apedichad grom&fdeeet | ve

pl asma concentration . and .at st one npdj fied. rel ease conponent to

| evel, | e
mai nt ai n atVW@FQﬁ@HF?Eﬁﬂﬁ?l%?$@@Pﬂv§w P83 B FEBCeTs ieBiie PrLAE n¢thr oughout
the dosiong linfitedrty fledivi\@amahiy/RidsNENE HsRAYL Sthérd aRPERivERRD ARA1JE, iffYRE t he
sanme or different. For exanple, t he conposition nay conprise conponents
conpri si ng SYEydesiapd HiglyrsHdes; Brn-igais Sprciangy weh asghessithat aep hemsenargsrhysi done,

as the actiyRiihHehgRhEMide Wil £ 5P abMEd Mty LIRS CFRASITHARN T BYorBRIPY! S€ a
first conponent conprising zipraSidone, or nanoparticles

glycerol fatty acid ester; cytochrome P450 inhibitors, P-glycoprotein inhibitors and the
like; and mixtures of two or more of these agents.

15

In those embodiments in which more than one drug-containing component is

present, the proportion of ziprasidone contained in each component may be the same or
different depending on the desired dosing regime. The ziprasidone present in the first
component and in subsequent components may be any amount sufficient to produce a

20  therapeutically effective plasma concentration level. The ziprasidone, when applicable,
may be present either in the form of one substantially optically pure stereoisomer or as a
mixture, racemic or otherwise, of two or more stereoisomers. In one embodiment, the
ziprasidone is present in the composition in an amount of from about 0.1 to about 500 mg.
In another embodiment, the ziprasidone is present in the composition in an amount of

25  from about 1 to about 100 mg. In yet another embodiment, the ziprasidone is present in
the first component in an amount of from about 0.5 to about 60 mg. In still another
embodiment, the ziprasidone is present in the first component in an amount of from about
2.5 to about 30 mg. If in subsequent components, the ziprasidone is present in amounts
within similar ranges to those described for the first component.

30
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cont ai ni ng zi prasi done, and at | east one subsequent conponent conprising an
active ingredient other than the ziprasidone, or nanoparticles containing
zi prasi dowe,2oeni2taBl e for co-administration with zi prasiPpdons2006/0239% i r st
conponent containing an active ingredient other than ziprasidone, or
nanoparticl es containing ziprasidone, and at | east one subsequent conponent
conpri sing ziprasidone, or nanoparticles containing ziprasidone.|ndeed, two
or nore active ingredients nay be incorporated into the sane conponent when
the active ingredients are conpatible with each other. An active ingredient
present in one conponent of the conposition may be acconpani ed by, for
exanpl e, an enhancer conpound or a sensitizer conpound in another conponent
of the conposition, in order to nodify the bioavailability or therapeutic

effect thereof. g3 M3qdcle R0t %ﬁslﬁ Es fof O def WQF’ ramE&Ie%o?n %ag:gi%fﬁl%npound

whi ch i s capabl e of enhan0|ng t sorptlon an I oaval Ity of an
active i ngrfémpémntma)pbfo‘mmed hymedifying thespmpositey efesch ¢enpGhdntj incladingni mal

such as a &H@r ngg{ﬁp%@ §clbfaﬁt{]l2{9c§mbclr¢ ti%%vlp&tm elg@ L en%e gqﬁ f)reprp cu'T' I t?hal n

fatty aci ds; ers rrva er PACT
gl yceri des relaabotof iZiyt'cymlem degbe mnollﬂi%}cclmuglﬁgﬁmanmpommhna&r tlia(asrxauhm at can

be prepared re eth . ene f at aC|d fatty al cohol
an alkyl%pherlioemO é sor %% nQ%O%ﬂ) QF& é??§33%1 2 St §W§8ﬁpﬂne P450
i nhi bi t or s,onPngldjftdpeledse icompdarehbis psat,ahembligied rdt@se Qﬂdngff@ﬁ'fewh&)‘fﬂfbfse two or
nore of these ag ents. In those emhodi nents.in mhlcgﬁggre t han_ aon

dr ug- cont aiiMRg %fﬁ@’nwe pamerauiisrent. Jupilarly, yhspma freliffsﬁﬂsa%?‘li@ﬁé

cont ai ned ity iea@blusioNPOALBLIfiBRYE1dEe fbeix$& D reldist beteAtiwapasding on the
desired d05|n ngﬂtThe zi prasidone present in the first conponent and
g

in subsequéby by thesgholse aahymayh ghinodifipd redsaanmatrly myie pializgd.

t her apegt i qa)lelryodefﬁa‘dqgtem@omr@m HePR&EeR! MAhEPnRUE, in TP kbl &3t done, when
appl i cabl e, nmay present either in the formof one substantial ly

optically ﬁaﬁf@l@f @rYé%ﬂ Hsifiepired delay tigerfprqagh partipyargompopnt.Jihsaragified,  of two
or nmore st gfeRk ORI nay U2 PRE:, ﬁf@aeldwiﬁ%emt ¥ bﬁ%@iﬁ'tﬂﬂﬂ%uffﬁ:lﬁ% ®SzAl in the

conposition in an amount of from about to about
the desired time lag between components.

15 The lag time and/or time delay for the release of ziprasidone from each
component may also be varied by modifying the composition of each of the components,
including modifying any excipients and coatings which may be present. For example, the
first component may be an immediate release component wherein ziprasidone is released
mmmediately upon administration. Alternatively, the first component may be, for example,

20  atime-delayed immediate release component in which ziprasidone is released
substantially in its entirety immediately after a time delay. The second and subsequent
component may be, for example, a time-delayed immediate release component as just
described or, alternatively, a time-delayed sustained release or extended release

component in which ziprasidone is released in a controlled fashion over an extended

25  period of time.

As will be appreciated by those skilled in the art, the exact nature of the plasma
concentration curve will be influenced by the combination of all of these factors just
described. In particular, the lag time between the delivery (and thus also the onset of

30 action) of ziprasidone in each component containing ziprasidone may be controllied by

varying the composition and coating (if present) of each of the components. Thus by
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I n anot her enbodi nent, the ziprasidone is present in the conposition in an
anount of from about 1 to about 100 ng. In yet another enbodi nent, the

zi prasi dowe 20&7/aresent in the first conmponent in an anoeatr/ustosknesswabout
0.5 to about 60 ng. In still another enbodi nment, the ziprasidone is present
in the first conmponent in an anmount of fromabout 2.5 to about 30 ng. If in
subsequent conponents, the ziprasidone is present in anmounts within simlar
ranges to those described for the first conponent.The tinme rel ease
characteristics for the delivery of ziprasidone fromeach of the conponents
may be varied by nodifying the conposition of each conponent, including
nodi fyi ng any of the excipients and/or coatings which nay be present. In
particular, the release of ziprasidone may be controlled by changing the
conposi t i onARGHHf thd @nHHeMBA oPdach b&nﬁmﬁmf (ﬁri%ﬂxdﬁﬂ%] tﬁ@%ﬁo&ﬁ’ ahd 9,0 Bf fyBe
particles, if such a coating is present. nore than one nodified rel ease
conponent iastiys isgigdient(Yhendrhydiaripeen efdhelag ém@dmmqﬁngfrdpaseandwplemq hese
conponent s fi el ease
o Faci 11t A ogepgey ReonaiRy Heptlebsianl auphdf g e dARRROIRE e B

rel ease of Qfﬁ@rﬁaionvéromrﬁgﬁle@hn@memwﬂx@r@wm ¢igh¢ mibakpyoftzipgasidvoe fremand amount
of nodifd e I: r |f|ed release | oatlng
may be pr oo bRReRL iR Bl bl e ftcrl G T PSR PG RER b6 S

yi el d t he desiimeds (:Iel ayvmg smngkarmaaamhnparmﬂsamﬂbm whmmﬂ(erpemlts.m THeeplavndi f i ed
rel ease coati pres one any a t that is

suf fi ci ent I{r%ﬂyimé‘%’ “f"f’g %ag?%?de%ildtol% qggn%g?ﬁle‘@ fnd 8ﬁ1é’r?tlgg g')rf’é lag tine
and/ or ti msupeinaosédio a degree ¢. gagdendlie lag fimasd shonL from each conponent may

al so be varied by nodi fying the conposition of each of the conponents,

i ncludi ng nodi fying any exci pients and coatings which may be present. For
exanpl elo the fi rmat poHpREI pri@Ycel Brofithe AAEEisahRo Tl83R eRRAARNt wherein

zi prasidone is released i nmedi ately upon adm ni stration. AIternatlver, t he
first corrp&ﬁ%ﬁﬁﬁweﬁ@mp%?mb%bﬁpmsen myHen dradyariareo R B s desirables

conponent itg q¥hiet ivZdith@s bd@&e)ﬂa&nreqh@@cﬁ@ﬂ vithRat B0 héal thyadnnibtSioRBEI rety

imedi ately after a tine delay. The second and subsequent
two or more dosage units.

15 Any coating material which modifies the release of ziprasidone in the desired
manner may be used. In particular, coating materials suitable for use in the practice of the
present invention include but are not limited to polymer coating materials, such as
cellulose acetate phthalate, cellulose acetate trimaletate, hydroxy propyl methylcellulose
phthalate, polyvinyl acetate phthalate, ammonio methacrylate copolymers such as those

20  sold under the trademark Eudragit® RS and RL, poly acrylic acid and poly acrylate and
methacrylate copolymers such as those sold under the trademark Eudragit® Sand I,
polyvinyl acetaldiethylamino acetate, hydroxypropyl methylcellulose acetate succinate,
shellac; hydrogels and gel-forming materials, such as carboxyvinyl polymers, sodium
alginate, sodium carmellose, calcium carmellose, sodium carboxymethyl starch, polyvinyl

25  alcohol, hydroxyethyl cellulose, methyl cellulose, gelatin, starch, and cellulose based
cross-linked polymers--in which the degree of crosslinking is low so as to facilitate
adsorption of water and expansion of the polymer matrix, hydoxypropyl cellulose,
hydroxypropyl methylcellulose, polyvinylpyrrolidone, crosslinked starch,
microcrystalline cellulose, chitin, aminoacryl-methacrylate copolymer (Budragit® RS-

30 PM, Rohm & Haas), pullulan, collagen, casein, agar, gum arabic, sodium carboxymethyl
cellulose, (swellable hydrophilic polymers) poly(hydroxyalkyl methacrylate) (mol. wt.
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conponent may be, for exanple, a tine-delayed i nmedi ate rel ease conponent
as just described or, alternatively, a tine-del ayed sustained rel ease or
ext ended wele@sre7menponent in which zi prasi done is rel easedistovemzsont r ol | ed
fashi on over an extended period of tine. As will be appreciated by those
skilled in the art, the exact nature of the plasma concentration curve wll
be influenced by the conbination of all of these factors just described. In
particular, the lag tinme between the delivery (and thus al so the onset of
action) of ziprasidone in each conponent containing ziprasidone may be
controll ed by varying the conmposition and coating (if present) of each of

t he conponents. Thus byvariation of the conposition of each conponent

(i ncluding the anpunt and nature of the active ingredient(s)) and by

f
variation m51(1m01<ﬁgoglhgﬁgyrpdﬂﬁ%ﬁ@ﬁolr\?i e@@@smsi aﬁloﬁ%d%ﬁ@&ﬁélﬁ@ i3 ease of

obt ai ned. Dependin duration of the lag'tine between t
zi pr asi donerofyvaml @la@wl baymgorlenwtacetnid residiiah aswelabds mixtae ofigansml of

Zi pr asi donecafﬂoseg%&g}go?lﬁ%m%‘gg&gmgs o?mawysﬂlg,gﬁ@e IRIFRSR BB j@i ned rel ease

etc.), the e conti nuous srngl e maxi num
or pul sati Imopytengr isbbm)helepmtqs (ol Whe~3pkéé®iza, Hmiywhcdhandmysudﬂeasmhﬂ, separ at ed
and cle

I tine osed to a
degree %r yac %gara%lahem%aggnﬂf Egéns @%%or{) 31ya°f¥}%mﬁie§i§%b Offr B?tgl%gyfﬁg%duced from
t he admi ni s:txncab (01, of ~m()&u5rrg)|01§) desalijeplinttylatopgyrhas, MestdiSoRtpnsiah,i on of

or mor o pul SRR APl Rl G0 B o PRV T I RESATBY BT SEE at | on' of

two or norge gosp@ggau%mxsard Mh)ﬁd@lD@tLtﬂg IRtk philRl polyhetisutB db poipsactlagidése! ease
of ziprasidone t he desired rranner In particular, coating

e u
material s SOt ]llﬂﬁfr’]l.]éﬂ‘?s&rso B o faleiyg ‘ﬁ‘#é?d‘ﬁ”i“ég‘y]o‘feﬁ?]ﬁ’ée’ HV@%)‘HTORYAV}?H}YII on incl ude

but ar ejonotcelthipiel BRrd:xQpRBYINBRE 05O BYdréhe) iRt @dll'uﬁJs@ 1n1t§61€e|1‘1uﬁ>§ece| | ul ose acetate
pht hal ate, cellul ose acetate tri na] et at e, rox%%sfropﬁ/ n%t hyI cel | ul ose

pht hal at e, ey celbdsarcallynserihess, @olya ¢ oxidest(REcrslvar eVBSBol yier s
such as thasgbide), methyl ethyl cellulose, ethylhydroxy ethylcellulose, cellulose acetate, celtulose

butyrate, cellulose propionate, gelatin, collagen, starch, maltodextrin, pullulan, polyvinyl
pyrrolidone, polyvinyl alcohol, polyvinyl acetate, glycerol fatty acid esters,

15  polyacrylamide, polyacrylic acid, copolymers of methacrylic acid or methacrylic acid
(e.g. Eudragit®, Rohm and Haas), other acrylic acid derivatives, sorbitan esters, natural
gums, lecithins, pectin, alginates, ammonia alginate, sodium, calcium, potassium
alginates, propylene glycol alginate, agar, and gums such as arabic, karaya, locust bean,
tragacanth, carrageens, guar, xanthan, scleroglucan and mixtures and blends thereof. As

20  will be appreciated by the person skilled in the art, excipients such as plasticisers,
lubricants, solvents and the like may be added to the coating. Suitable plasticisers include
for example acetylated monoglycerides; butyl phthalyl butyl glycolate; dibutyl tartrate;
diethyl phthalate; dimethyl phthalate; ethyl phthalyl ethyl glycolate; glycerin; propylene
glycol; triacetin; citrate; tripropioin; diacetin; dibutyl phthalate; acetyl monoglyceride;

25  polyethylene glycols; castor oil; triethyl citrate; polyhydric alcohols, glycerol, acetate
esters, gylcerol triacetate, acetyl triethyl citrate, dibenzyl phthalate, dihexyl phthalate,
butyl octyl phthalate, diisononyl phthalate, butyl octyl phthalate, dioctyl azelate,
epoxidised tallate, triisoctyl trimellitate, diethylhexyl phthalate, di-n-octyl phthalate, di-i-
octyl phthalate, di-i-decyl! phthalate, di-n-undecyl phthalate, di-n-tridecyl phthalate, tri-2-

30 ethylhexyl trimellitate, di-2-ethylhexyl adipate, di-2-ethylhexyl sebacate, di-2-ethylhexyl

azelate, dibutyl sebacate.
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sold under the trademark Eudragit RS and RL, poly acrylic acid and poly
acryl ate and net hacryl ate copol yners such as those sold under the trademark
Eudr agi t (wp 2807an2¢c278, pol yvi nyl acet al di et hyl am no acet atrer/usgawox36ps opyl

met hyl cel | ul ose acetate succinate, shellac; hydrogels and gel-formng
material s, such as carboxyvinyl polynmers, sodium al ginate, sodi um
carnel | ose, cal cium carnell ose, sodium carboxynethyl starch, polyvinyl

al cohol, hydroxyethyl cellul ose, nmethyl cellul ose, gelatin, starch, and
cel l ul ose based cross-1linked polynmers-in which the degree of crosslinking
is lowso as to facilitate adsorption of water and expansi on of the polyner
matri x, hydoxypropyl cellul ose, hydroxypropyl nethylcellul ose,

pol yvi nyl pyrrol i done, crosslinked starch, m crocrystalline cellul ose,
chitin, am noacryl-nethacrylate copol ynmer (Eudragit(r) RSPM Rohm & Haas),
pul I ul an, colla%ﬁn, casein, hg gum ar abi ¢, sodi um car boxynet hyl
cel l ul ose, (swel'Whes the mpdifiop aﬁﬁmpmpyﬁﬁﬁgymw@$yvh@dkdxﬁawkymﬁnethacrylate)

(mol. wt. -~ llfla'}é' %?%g)sPlta%?J ﬁ@(dd\?;%’dnr&féﬁ e hid rﬁpﬂﬁﬁﬁﬂp& suﬁMb e cola%knat%@x? ani oni ¢

and cationic avin ow ace e reS|duaI a
swel | abl e rrmmdlﬁcdare@hseaganx maﬂbnalaniambynwﬁhwchomwrmhtmekn@mpmlmrskllledl mal ei c
anhydr i St eLh pro of LS9 ene ectin (nmol. w.
~30k- 300Kk) , péifggggﬁg?l 8%h(?mﬁaas ﬁéﬁ?me caé?gsgﬁﬁﬁ%@gplPgagacanth

al gins and @Mﬁnmﬂmthamhyhﬁhmdﬁ&ppE@h&ﬂm@ﬂhnﬂmkyﬁkhwﬁ&&ﬁ?ami?@ﬂ?éﬁﬂ| Wt .
~100k- 5, 000k),..Aqu acr ate polyners, diesters..o .ucan,

crossl i nked’né‘gf}@‘% tﬁ@fe %gec HEY He’SBF?lKQr\f{eﬁy?twﬁ ]iffi‘?orfo‘flf’pﬁbs}r%&}}é Pum st arch
gl ucol at e (Wirgor IxoOMREified EdusReE tlatMi MghedrialsGuithlel for thealitiop bi the prap@lty mer s
such as pol; saccharl%' met hyl . illulose ﬁodlun1or cal ci um car boxynet hyl
cel | ul ose, yﬂﬂﬂawﬁ 5§1ﬂ aﬁ%&%%lt& forgFgsE st 9*arcelkglﬁeois§ru%e| | ul ose,

hydr oxygs hyéarm&lh%yﬁaluldab tny@o@aﬂkywélmes ﬁﬁh QQK})’d?E}Iygadpgﬁﬁéthﬂ&&ﬁ%se cel lul ose

et hers, polyeth | ene oxid (e r), Union nethyl ethyl
cel | ul ose, mrweélﬁlﬁ% e@wt@rlﬁse@m@?eqﬂkﬂp%@@S%@Ph@%me@élw

butyrate, c;ﬁidleuiy%%ﬁumgeom?am%u&le gg,%blaﬁawnﬁgwr@gﬁﬂe célthﬁB&rbcteQ@l &9@% rin,
pul I ul an, pol pyrro one vin al cohol V|n¥ acet at e,

gl ycerol f aicelgt t@g}p]éqlgse acteate phthalate ce ulose acteate tnmelhtate polyvinylacetate

phthalate, polyalkylmethacrylates, polyvinyl acetate and mixture thereof.

15

A modified release composition according to the present invention may be

incorporated into any suitable dosage form which facilitates release of the active
ingredient in a pulsatile manner. In one embodiment, the dosage form comprises a blend
of different populations of active ingredient-containing particles which make up the

20  immediate release and the modified release components, the blend being filled into
suitable capsules, such as hard or soft gelatin capsules. Alternatively, the different
individual populations of active ingredient-containing particles may be compressed
(optionally with additional excipients) into mini-tablets which may be subsequently filled
into capsules in the appropriate proportions. Another suitable dosage form is that of a

25  multilayer tablet. In this instance the first component of the modified release composition
may be compressed into one layer, with the second component being subsequently added
as a second layer of the multilayer tablet. The populations of the particles making up the
composition of the invention may further be included in rapidly dissolving dosage forms
such as an effervescent dosage form or a fast-melt dosage form.

30

- 40 -



pol yacryl am de, polyacrylic acid, copolyners of nmethacrylic acid or

nmet hacrylic acid (e.g. Eudragit(r), Rohm and Haas), other acrylic acid
derivati we,206mmnmmBan esters, natural guns, |ecithins, peTtisegocabzohnat es,
amoni a al gi nate, sodium cal cium potassium al gi nates, propyl ene glycol
al gi nate, agar, and gunms such as arabic, karaya, |ocust bean, tragacanth,
carrageens, guar, xanthan, scleroglucan and m xtures and bl ends thereof. As
wi |l be appreciated by the person skilled in the art, excipients such as
pl asticisers, lubricants, solvents and the |like my be added to the
coating. Suitable plasticisers include for exanple acetyl ated

nonogl yceri des; butyl phthalyl butyl glycolate; dibutyl tartrate; diethyl
pht hal at e; di met hyl phthal ate; ethyl phthalyl ethyl glycolate; glycerin;

propylene gl ycol, ofd dfbaldl, ol cbf 5@1011% EQ&%‘a‘P?eﬂst 1flh B6ifbdrdnis 41 011 Y,

phthal ate; acetyl nonog yceri de; eth ene glycols or oil; triethyl
citrate; p(ﬂoyfhyﬂmgl zapradidombicl first (gmp@emband cae et mbee whiegnant coypaenis) In

triacetate,g itr ht hal at e,
butyl octyl %ﬁﬁ%dg%%ttﬁ 1 gtoc(rzl)o ﬁ?&l?%tﬁé %)%%p%gmlggtmaly eéﬁ)ﬂ/lavﬁ‘ﬂ{}ﬁg%ﬂep di oct yl
azel at e, egmodildsi ipdddibg plofites in Whmh smstaytiallty ail ﬁﬁtﬂelzﬁmmond ceitdiyddiaxyd

ht hal at.e, ate, di -| -i -decyl phthal at e,
p -n- ungecy rStﬁ ﬁ’{nﬂgﬂeﬁ 8 reﬁ‘éﬁsednI yd188’§/? iéh%{f cgaﬂ’et 4‘15@2%’@? RS FHER Y
tr| mel | i tatrq;udlgilbuﬁaf&t hytheidensy tdelﬁgidadlale@se) @k releaRENYONXYEr 158D AGIE such

di - 2-et hyl hexyl.. azel ate, dj but sehacat e. When the nuodified rel ease
conponent ¢ fimegt the Zisep Ha/nitaé‘i‘eé‘é’%é“ e st CPRRPpRenkis relpasedypidly ¥ROAb | e

nodi fi ed r eld@@as@raied fo aXpaﬁ&IteIAls aéedthereﬁw&teﬁbﬁee £R00F BRfdeyreRhiseREIES £d
rel ease matrix materials may used. Such materials are known to those

skilled in “fieh 3 qast appt Spé’rorﬁther?ﬁHY@f1P@6d1|3‘§|°éa§@mﬁ%ﬂeﬂ i% released Vighin aheutysed

her ei n jioncladthes: SmepsRRRisidtfon L ¥AE FSolayRY Qeﬁéagmkaaﬁdég%lxa% bofofARdn Wrdhur s
t hereof which are capable of nodifying the rel ease of ziprasidone, or a

salt or derhsAstivyBereRBRR compersatis edeasdeFapidly pnslowh) aftesr tine delayoandvbdi f i ed
rel ease matgd ténﬁgatcgﬁthﬂllﬁ réféébé”%gh Soxlidied ﬁ%as@’ %ﬁ&%elggse %)Rﬁil&rlﬁ S 4 nvention

include but are not limted to mcrocrystalline cel sodi um
car boxynet Reastbpp A0§sel thhctivx ipatelighicontainedi mcmelass released slowly.
hydr oxypr opyl net hyl cel | ul ose

15 The second component of such embodiment may also exhibit a variety of release
profiles including an immediate release profile, a delayed release profile or a controlled
release profile. In one such embodiment, the second component exhibits a delayed

release profile in which ziprasidone is released after a time delay.

20 The plasma profile produced by the administration of dosage forms of the present
mvention which comprise an immediate release component comprising ziprasidone, or
nanoparticles containing ziprasidone, and at least one modified release component
comprising ziprasidone, or nanoparticles containing ziprasidone, can be substantially
similar to the plasma profile produced by the administration of two or more IR dosage

25  forms given sequentially, or to the plasma profile produced by the administration of
separate IR and modified release dosage forms. Accordingly, the dosage forms of the
present invention can be particularly useful for administering ziprasidone where the

maintenance of pharmacokinetic parameters may be desired but is problematic.

30 In one embodiment, the composition and the solid oral dosage forms containing

the composition release ziprasidone such that substantially all of the ziprasidone
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and hydr oxypropyl cel | ul ose, pol yethyl ene oxi de, al kyl cellul oses such as

nmet hyl cel | ul ose and et hyl cel | ul ose, pol yet hyl ene gl ycol,

pol yvi nylworoolazdee, cel | ul ose acteate, cell ul ose acet ace/usatognaioes

cel lul ose acteate phthal ate, cellul ose acteate trinellitate,

pol yvi nyl acet at e pht hal ate, pol yal kyl met hacryl ates, polyvinyl acetate and
m xture thereof. A nodified rel ease conposition according to the present
invention may be incorporated into any suitable dosage form which
facilitates release of the active ingredient in a pulsatile manner. In one
enbodi nent, the dosage formconprises a blend of different popul ati ons of
active ingredient-containing particles which nmake up the i nmedi ate rel ease
and the nodified rel ease conponents, the blend being filled into suitable
capsul es, SyghiRs i a{e%a gé&enﬂe ko PRI RSse o%&i:qﬁ{sia@ﬁé ¥&h Yhe ot NE

di fferent individual populations of active ingredient-contalining particles
may be conpleas seisubsqarens seibgnens. MWrhen dhifirsteamponenitiopipsinesan IR wowperient - t abl et s
whi ch may bg iate
proportions. inotH%gﬁgﬁ%%gbfhhggggggg¥%§%§¥%ﬁgﬁ ?b&?ﬁnﬁﬂﬁt%ﬂ ayer tabl et.

In this |nsm@ﬁﬁgmﬂhempmwshsddﬂﬁdnehlabﬂmﬁhﬁyﬂbdp@médmneﬂeaﬁeompmwnslt|on
may be c d n aver onent bein
subsequent | 7 aadus e, R Fp bl s R R S IR R B e

popul at i onsmay b¢ ddaypdnt dediked amelblyghame bhemodifipdsidabedvatidgstah®ot iVvent i on may
further be in qu g in ra |dh¥?g|ssolving dosage forns such as an

ef f er vescenPOd8E ﬁemﬁﬁp Pmé st-nelt dosage formIn one enbodi ment, the
conposition conprises at | east two conponents containing ziprasidone: a
first conponent d one, or re .subse uent conponents. | n_such enbodi nent,
the first conpo n@ﬁ?ﬂ 1His desiged ggﬂﬁﬁ%‘f“ﬁe %WI%WFEV proyidjng 4 Lrjeesreilg| ease
profil esy i nehidlitRGitiEOldsh @8t i vk dobe SIARIVE ﬁlowa ;ﬁh&m@fsystaﬁe rdléRE @si done
contained in the first conponent is rel eased rapid on_adm ni stration of

the dosage ?H@Wﬁmﬁéyé%§@a“W§ﬁPGP?WEHFn&ﬂﬂ@ﬂ“@?%mﬁﬁlﬂ@ﬁ@?myﬂéma§@ﬁ rel ease),

or rel eased;islaQubné BNBMed ifBe fitsDcdiRDnsH Bhs &@@F@éa%nﬁnd fuRferabRyasidpne
contained in the first conponent is released rapidly upon adm nistration to

a patient. #deagiarprivayfithe zipragdangselepsedispm e firptrempeneest has|beepsdeasdof i | es i n

from the patient's system. In one embodiment, release of the ziprasidone from subsequent

15 components of the composition is substantially, if not completely, delayed for a period of
at least about two hours after administration of the composition. In another embodiment,
the release of ziprasidone from subsequent components of the composition is
substantially, if not completely, delayed for a period of at least about four hours after
administration of the composition.

20

As described hereinbelow, the present invention also includes various types of
modified release systems by which ziprasidone may be delivered in either a pulsatile or
continuous manner. These systems include but are not limited to: films with ziprasidone,
or nanoparticles containing ziprasidone, in a polymer matrix (monolithic devices);

25  systems in which ziprasidone, or nanoparticles containing ziprasidone, is contained by a
polymer (reservoir devices); polymeric colloidal particles or microencapsulates
(microparticles, microspheres or nanoparticles) in the form of reservoir and matrix
devices; systems in which ziprasidone, or nanoparticles containing ziprasidone, is
contained by a polymer which contains a hydrophilic and/or leachable additive e.g., a

30  second polymer, surfactant or plasticizer, etc. to give a porous device, or a device in

which ziprasidone release may be osmotically controlled (both reservoir and matrix
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whi ch at | east about 80% of the active ingredient of a conponent is

rel eased within about an hour after adm nistration, the term "del ayed

rel ease" wochadrs278el ease profiles in which the active iPogrusdeosnkiced a
conponent is released (rapidly or slowy) after a tinme delay, and the terns
"controlled rel ease” and "extended rel ease"” include release profiles in

whi ch at | east about 80% of the active ingredient contained in a conponent
is released slowy. The second conponent of such enbodi nrent nmay al so
exhibit a variety of release profiles including an i medi ate rel ease
profile, a delayed release profile or a controlled release profile. In one
such enbodi nent, the second conponent exhibits a delayed rel ease profile in
whi ch ziprasidone is released after a tinme delay. The plasma profile

produced byddiRsyeiiid &)taﬁﬁ’és' (Q)ﬂlzglf)le dRPASB IV A ABuitdhle bRS (RILEIGPbiyhfaKent i on

whi ch conprise an i nmediate rel ease conponent conpriSing ziprasi done, or
nanopart i cl wih gsmelanthi) atiachpdpend e sipeasidapeimalecylesangd deviess dgiefr Fﬂe@e r&¢ ease

conmponent Cg%Bﬁhﬁkagw&bB&ﬁ§;9€n$eOgﬁmﬁggﬁgﬁrtICles cont ai ni ng zi prasi done,

can be substantially’ sim o thep profile produced by the
adm nistration of two or nore IR dosage forns given sequentially, or to the

pl asma ofile ) e IR ified
Fol oage Hosage | DRetoEy Bkl Bloh Abl o b ERAN e B R
i nvention capralsndorparWhMomeln;echam‘msl willoelessd miprassiber it Rgomstqnt asd, dihee Wher e

t he nalntena e of kinetic para rs esire IS

probl ematic? tboéll %élﬂjte%e]feﬁlg néé’ﬁg%icir? ?ucgﬁa%?‘}’&n%lﬂ%c%?q%ﬁp%q al dosage
forns cont agnadnags bhﬁdﬁm&mhlhg ading teme&itz) gid.asi done such t hat
substantially all of the ziprasi donecontained in the first conponent is
rel eased prior to rel ease of ziprasidone fromthe at |east one subsequent
conmponerd . When Rddandsh sl 1@@1@@@1@@ mea@@mhhgsaﬁe AtedsiRilg BRPORRAbLe, 1@ exanpl e,

it is prefer a | e se e ziprasidone fromthe at |east one
subsequent @%ﬁ%ﬁﬂ@ﬂg §S BWPng Y SFRUFTEIE ReLARers e ASisi done i n the
IR corrponenAqﬁmat%mcr@Jxﬁﬁam Fd%ﬂ'c@@ﬁzﬁm@éeuﬁbdl’Pﬁﬁlh@iQDﬁnsﬁ&P Phildagiphis, | €ast
one subsequent component % be del ayed as detail ed above by the use of a

modi fi ed r eVeAsEthye lplﬁg‘sm gﬂfllyépheronlsed to sub-micron sized, aqueous based,
pseudo-latex dispersions), and also synthetic polymers such as the Eudragit® (Réhm

15  Pharma, Weiterstadt.) range of poly(acrylate, methacrylate) copolymers are known in the
art.

Reservoir Devices
A typical approach to modified release is to encapsulate or contain the drug
20  entirely (e.g., as a core), within a polymer film or coat (i.e., microcapsules or spray/pan

coated cores).

The various factors that can affect the diffusion process may readily be applied to
reservoir devices (e.g., the effects of additives, polymer functionality (and, hence, sink-
25 solution pH) porosity, film casting conditions, etc.) and, hence, the choice of polymer
must be an important consideration in the development of reservoir devices. Modeling
the release characteristics of reservoir devices (and monolithic devices) in which the
transport of ziprasidone is by a solution-diffusion mechanism therefore typically involves
a solution to Fick’s second law (unsteady-state conditions; concentration dependent flux)
30  for the relevant boundary conditions. When the device contains dissolved active agent,

the rate of release decreases exponentially with time as the concentration (activity) of the
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nodified release matrix material. Wien it is desirable to mnimze patient
tol erance by providing a dosage regi me which facilitates wash-out of a
first doswoabo7zizpr7asi done froma patient's system rel ease/uskomsiopscasi done
from subsequent conponents may be del ayed until substantially all of the

zi prasi done contained in the first conponent has been rel eased, and further
del ayed until at |east a portion of the ziprasidone released fromthe first
conponent has been cleared fromthe patient's system In one enbodi nent,

rel ease of the ziprasidone from subsequent conponents of the conposition is
substantially, if not conpletely, delayed for a period of at |east about
two hours after adm nistration of the conposition. In another enbodi nent,
the rel ease of ziprasidone from subsequent conponents of the conposition is

substanti al jgent £, ﬂﬁfdn%g%‘éé £r YeleaR8) M b Qbvies &%feb%g @, _otd;cht about

four hours atter adm nistration of the conposition. escr

her ei nbel oweleasfa. Jhewerar, thp eetive peanrt ilis 8 sithaied despensign;, thes theylpeisg &ircerndi f i ed
rel ease sys - whi i i . i d Al i a pulsatile
or continuo%ﬁH%%ﬁ%gﬁgbﬁﬁgégﬂg@@fgﬁggﬁg?¥ﬁg§n%%%aﬁggghé?gpgﬁ%pgﬁeto: filmns
Wi th zi pr asicttesreratediingtianmprbt desbmpson omilled, agd z fiuprtisi ddrsquirareat pbl yer
matrix (4mon &gthic devi ces); systens in which ziprasidone, or nanoparticles
contai ning zZiprasidone, is contained by a polymer (reservoir devices);

pol ynmeric colloidal particles or mcroencapsul ates (mcroparticles,

m cr ospheres orfpanosgrtic reservoir an trix devices;

les).in the form of d
systems in which "B gﬁﬁﬁﬁﬁ?g%?aﬁgﬁ§5§¥FFnggm?BﬁpﬁpﬂPﬁﬁ %i'B¥asi done, is
CS gt ai ned byolﬁn@dnmﬂ;&rug\mmle Bnaesat aiitn? oatﬁwﬁblambie: (be&mead) Which fag biablee
additive e.g., .a secqnd p mer,. surfactant or plasticizey, etc. to give a
por ous. dev G5 MR PEyP B ke BIFS PV HSh HONEh it 4 Eub pTREHL A Lol | v
control {eed ¢Mhnd favleeservoir and matri xdevices); enteric coatings (ionizable

and dissolve at a suitable pH); (soluble) polynmers with (coval ently)
attached pendent zi prasi done nol ecul es and devi ces where release rate is

control |l ed dynanfealiteyt of @eSonizell RRteP SHBIN SonREHIR: tablets coated in poly(ethylene

glycol) (PEG)-containing silicone elastomer, and also the effects of water on free films
has been investigated. The release of salt from the tablets was found to be a mixture of

15  diffusion through water filled pores, formed by hydration of the coating, and osmotic
pumping. KCl transport through films containing just 10% PEG was negligible, despite
extensive swelling observed in similar free films, indicating that porosity was necessary
for the release of the KC1 which then occurred by trans-pore diffusion. Coated salt
tablets, shaped as disks, were found to swell in de-ionized water and change shape to an

20  oblate spheroid as a result of the build-up of internal hydrostatic pressure: the change in
shape providing a means to measure the force generated. As might be expected, the
osmotic force decreased with increasing levels of PEG content. The lower PEG levels
allowed water to be imbibed through the hydrated polymer, while the porosity resulting
from the coating dissolving at higher levels of PEG content (20 to 40%) allow the

25  pressure to be relieved by the flow of KCl.

Methods and equations have been developed, which by monitoring
(independently) the release of two different salts (e.g., KCI and NaCl) allowed the
calculation of the relative magnitudes that both osmotic pumping and trans-pore diffusion

30  contributed to the release of salt from the tablet. At low PEG levels, osmotic flow was

increased to a greater extent than was trans-pore diffusion due to the generation of only a
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The delivery nmechani smof the present invention can control the rate of

rel ease of ziprasidone. Wile sonme nechanisns will rel ease ziprasidone at a
const ant weteg7/ariters will vary as a function of time depenseevg/oessos act ors
such as changi ng concentration gradients or additive | eaching leading to
porosity, etc. Polynmers used in sustained rel ease coatings are necessarily
bi oconpati ble, and ideally biodegradable. Exanples of both naturally
occurring polyners such as Aquacoat(r) (FMC Corporation, Food &

Phar maceuti cal Products Division, Philadel phia, USA) (ethylcellul ose
mechani cal |y spheroni sed to sub-m cron sized, aqueous based, pseudo-| atex
di spersions), and al so synthetic polyners such as the Eudragit(r) (Rohm
Pharma, Weiterstadt.) range of poly(acrylate, nethacrylate) copolyners are

known in t higwasote nUBERLAMRILY: aDElHaGﬁg oﬁZ(ﬁ%fBo@lﬁhe@ﬁQfsﬁ@%hth&nEH)d' fied rel ease
is to encapsulate or contain the drug entirel , as a core), wthin a
pol ymer f|I%WHW“E%@VeGWﬂB*°ﬂﬁﬁ@ﬁﬁééﬁ@&WH%“BPféﬂk%Vﬁﬁéﬁﬁ@éaﬂ@ﬂ@%%wes) The

various f acddfesselid osﬁﬁ)ﬁc afdoSC ind &bﬁqo@tb E){n‘ﬂ?fng nAﬂﬁ%?e‘? ﬁ%gfﬁ?é’ of Iiﬁ{jj gy be

applied to reservoir devices (e.g., the effécts i ves, 'pol ymer
funct i onal i ygratesHdm Hesoere pgtoqu@r& lgssiresistgttjo puiflews pf salt. Hetom ad@asmghrtge

condi ti ons, o ffGe })?Jﬂ'gﬂ% ik ee{%geg &%r?ﬁag? 109k IBQ%M@Eﬁ'ar{Pb%k%cgﬁ‘lﬁ é tant

consi deration in reservoir e rel ease
char act er i stanggantfelgaesmedipimsmddn |oemetlo(lalr¢dsenmvbhm$m ihas aimfaeeesepomd fahi ch t he

transport o b tlon di ffusi on nechani smtherefore
typically f%$§ é@ﬁggg% % ‘%¥ﬂsé “second | aw (unst eady-state

condi tions; concentratlon dependent qux) for the rel evant boundary
condi tions. Ce cqQnt aj olved active agent, the rate of
rel ease decr eas ‘"é‘ﬁ ﬁf’]cgﬁ &atﬂx{ﬁf"{‘i as the concentration (activity)
of theagent (i. Monothﬂﬁc dﬂiatﬂx)r@vifcé)d’ 168y I‘Eeﬁfsedl flreageling thdidkabd\6f adyd. ce
decr eases (”hg 1 %eca 5 el ree Seéliy et ?ag) ca\iltgrcomtar}gd t?')crgsle}lv%lragent Isin
a saturat ed %@68??%11 b ]ﬁ?é THe ESYFO 108! p
devices, and the danger of an accidental high dosage that could result from the rupture of
the membrane of a reservoir device is not present. In such a device, the active agent is
present as a dispersion within the polymer matrix, and they are typically formed by the
15  compression of a polymer/drug mixture or by dissolution or melting. The dosage release
properties of monolithic devices may be dependent upon the solubility of the drug in the
polymer matrix or, in the case of porous matrixes, the solubility in the sink solution
within the particle's pore network, and also the tortuosity of the network (to a greater
extent than the permeability of the film), dependent on whether the drug is dispersed in
20  the polymer or dissolved in the polymer. For low loadings of drug (0 to 5% W/V), the
drug will be released by a solution-diffusion mechanism (in the absence of pores). At
higher loadings (5 to 10% W/V), the release mechanism will be complicated by the
presence of cavities formed near the surface of the device as the drug is lost: such
cavities fill with fluid from the environment increasing the rate of release of the drug.
25
It is common to add a plasticizer (e.g., a poly(ethylene glycol)), a surfactant, or
adjuvant (i.e., an ingredient which increases effectiveness), to matrix devices (and
reservoir devices) as a means to enhance the permeability (although, in contrast,
plasticizers may be fugitive, and simply serve to aid film formation and, hence, decrease
30  permeability - a property normally more desirable in polymer paint coatings). It was

noted that the leaching of PEG increased the permeability of (ethyl cellulose) films
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for release is kept constant until the device is no | onger saturated.
Alternatively the rel ease-rate kinetics may be desorption controlled, and a
functi on w0 200m02378ar e root of tinme. Transport properti esTafS2e6ab3ds

tabl ets, may be enhanced conpared to freepolyner filns, due to the encl osed
nature of the tablet core (perneant) which nmay enable the internal build-up
of an osnotic pressure which will then act to force the perneant out of the
tablet. The effect of de-ionized water on salt containing tablets coated in
pol y(et hyl ene glycol) (PEG -containing silicone elastonmer, and al so the
effects of water on free filnms has been investigated. The rel ease of salt
fromthe tablets was found to be a m xture of diffusion through water
filled pores, formed by hydration of the coating, and osnotic punping. KC

transport tipeadhs £ funBRonIPE®) 18hdiSk b)UﬁEreas(MQ iﬁg 1’6@%/ H@\gé\)eg'ﬂli’e! fimsdespi te

extensive swelling observed in simlar free i ndi cat’ing that porosity
was necess atelpined theinhares prperies ot prREMKLRE Wﬁﬁémﬁpméﬁde@mll}rtﬁ dtiwiyy trans- pore

di f f usi on. &qa&eaqha%%etenmkﬁe,ﬁ ofﬁlaﬁ@%fine%ﬁ 1 9KSas MELE. 3%@@&&%@8%” in

de-ioni zed water and change shape to an obl at e spheroid as a result of the
bui | d-up ofdcha%erlnéhlclmaﬁrqasiedtbw@qﬂ?@baﬂeng Ths vcalaawgslqedu fxsinames pfibwi di ng a

means ta ne g eXREST ed g}g} notic
force dcescr ease itk ? g |e(r31}t1:t(r:f§]§ pSlgllfi&]ier\glae ?JDIBE E%%% na( HEEeE Rﬁ& | evel s
al | oned wata i PEG Ibedmgdmi :ﬁ)@/dww qphgdnhbfwmgwmartreldnmh;prmtweemel etebolie
porosity resultin m t he, coat i dISSO|V hi h)g | evel. s of PEG
Pontent " ( 208 R IR bicklesr ot B e e e ieonor K
Met hods andyﬁ!ﬂmfspcﬁnﬁlechﬁﬂismbﬂe moﬂeg@leameﬂemMechtb@pomﬁm bHthe Higear d NaQ)
(i ndependent | 1)1 ?}h rel eas of two different salts KGO ~and Na
i 1 oned 't ndeelbeeit PERSGS eting SRt bR Eagesot fadimsarts: Bemot | o
punpi ngLean dnﬁgma@e origctiddcfadsddaw 5anidrd Rith AekrtRinMBmNBLRASE TAEsesal t from
the tablet. | ow PEG | evel s, osnotic flow was

changlng lag times were attributed to the occurrence of two diffusional flows during the

early stages of the experiment (the flow of the drug and also the flow of the PEG), and

also to the more usual lag time during which the concentration of permeant in the film is

building-up. Caffeine, when used as a permeant, showed negative lag times. No

15  explanation of this was forthcoming, but it was noted that caffeine exhibited a low
partition coefficient in the system, and that this was also a feature of aniline permeation

through polyethylene films which showed a similar negative time lag.

The effects of added surfactants on (hydrophobic) matrix devices has been

20  investigated. It was thought that surfactant may increase the release rate of a drug by
three possible mechanisms: (i) increased solubilization, (ii) improved 'wettability' to the
dissolution media, and (iii) pore formation as a result of surfactant leaching. For the
system studied (Eudragit® RL 100 and RS 100 plasticized by sorbitol, flurbiprofen as the
drug, and a range of surfactants) it was concluded that improved wetting of the tablet led

25  to only a partial improvement in drug release (implying that the release was diffusion,
rather than dissolution, controlled), although the effect was greater for Eudragit® RS than
Eudragit® RL, while the greatest influence on release was by those surfactants that were
more soluble due to the formation of disruptions in the matrix allowing the dissolution
medium access to within the matrix. This is of obvious relevance to a study of latex films

30 which might be suitable for pharmaceutical coatings, due to the ease with which a

polymer latex may be prepared with surfactant as opposed to surfactant-free. Differences
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increased to a greater extent than was trans-pore diffusion due to the
generation of only al ow pore nunber density: at a |oading of 20% both
mechani srwocootm2rirat ed approxi mately equally to the rel easas20am23ss | d- up
of hydrostatic pressure, however, decreased the osnotic inflow, and osnotic
punpi ng. At higher |oadings of PEG the hydrated fil mwas nore porous and
| ess resistant to outflow of salt. Hence, although the osnotic punping

i ncreased (conpared to the | ower |oading), trans-pore diffusion was the
dom nant rel ease mechanism An osnotic rel ease nmechani sm has al so been
reported for mcrocapsules containing a water soluble core. Mnolithic
Devices (Matrix Devices) Mnolithic (matrix) devices may be used for
controlling the release of a drug. This is possibly because they are

rel atively Raswuh®@pdiabéd Gatso ,gcﬁﬁnag Sty 88 Pﬁeﬁfagﬁ@ ﬂtg ljg)%ﬁﬁ%in?e%t% danger

of an accidental high dosage that could result from rupture of the
menbr ane ofbclveee disrapisinic/qggtie surfagtapipandpines dhis. was asazibeth tostheldifffierieg levéle acti ve
agent is present i I i,.thin . the polyner matrix, and they are
typically Fb?ne&“%?a@ﬁﬁ“@@ﬁ%ééggﬁﬁﬁ%g?nﬁ pol ymer/drug m xture or by

di ssolution or nelting. The dosage rel ease properties of nonolithic devices

may be dependen the. solubility of.the.drug.i.n the .pol r matrix or,
in the gase of %gﬁgggmﬁ§¥?§¥§@?m9ﬁ5¥§8PH§FWFF§I&ﬁ“%ﬁ%mefﬁﬁpégﬁﬁfion Wi t hin
t he parti cleehisinpgme dnes aler dxist.Sudh aldsdcd Wwas doastivetsl from afuebineEudeignBr k (to a

greater ex t than the rnmeahility.of the film.,. dependent an et her the
arog s ar st wliE PSR ashiimout e i ecTopare TRans on
| oadi ngs  ofcosbrthigugiOiht shdliVoShhNArly, b pelythetiorétbiltaibing el &@@% bb?]h Iﬁﬁduce? g

t hi gher | oadings

solution-diffusion mechanism (in the absence of pores).

(5 to 10% WM ?atﬁdh@gf%%ﬁé@t %Ff&%\‘?dsl?ﬁ gRire 'E&Frfﬁt‘? ‘E%‘F@%Fewﬂ’leﬂé“%)r esence

of caviii esva e PERIativES liftH (AR dfiR MeMikiBn@8itfbiSn fodsifohgst 1 such
cavities fill with fluid fromthe environnent increasing the rate of

rel ease of Harbelirang inverselypronpainnal iodheshgll ghiglmsgss; plprsesythe @.lf‘QSC, frgm the
pol y(et hyl @pR aHn¥ &Rk Fdund @ 8dékdadChARtimeOr adj uvant (i.e., an ingredient
whi ch increases effectiveness), to matri x devices (and
Microspheres
15 Methods for the preparation of hollow microspheres have been described.
Hollow microspheres were formed by preparing a solution of ethanol/dichloromethane
containing the drug and polymer. On pouring into water, an emulsion is formed
containing the dispersed polymer/drug/solvent particles, by a coacervation-type process
from which the ethanol rapidly diffused precipitating polymer at the surface of the
20  droplet to give a hard-shelled particle enclosing the drug dissolved in the
dichloromethane. A gas phase of dichloromethane was then generated within the particle
which, after diffusing through the shell, was observed to bubble to the surface of the
aqueous phase. The hollow sphere, at reduced pressure, then filled with water which
could be removed by a period of drying. No drug was found in the water. Highly porous
25  matrix-type microspheres have also been described. The matrix-type microspheres were
prepared by dissolving the drug and polymer in ethanol. On addition to water, the ethanol
diffused from the emulsion droplets to leave a highly porous particle. A suggested use of

the microspheres was as floating drug delivery devices for use in the stomach.

30
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reservoir devices) as a neans to enhance the perneability (although, in
contrast, plasticizers may be fugitive, and sinply serve to aid film

f or mat i orwendg7/herree, decrease perneability - a propert pcmarse®iclogseodr e
desirable in polynmer paint coatings). It was noted that the | eaching of PEG
i ncreased the perneability of (ethyl cellulose) filnslinearly as a function
of PEG | oadi ng by increasing the porosity, however, the filns retained
their barrier properties, not permtting the transport of electrolyte. It
was deduced that the enhancenent of their perneability was as a result of
the effective decrease in thickness caused by the PEG | eaching. This was
evidenced fromplots of the cunul ative perneant flux per unit area as a
function of time and fil mreciprocal thickness at a PEG | oadi ng of 50% WW
pl ot s show ng aPehd@aideviedsat i onshi p between the rate of perneation and

reci procal filmthickness, as expected for_a (Fickian) solution-diffusion
type transport HeRFENCEMACHNG2 Fies GEAUSt S charBralgrsics md andidenrasith of t he

l'inear reginsydheahbbr egl_re@ﬂpﬁnlgage W13 (hTPlaf) bsterdREL pRASIES fgﬁé?argc%fr cepts on
the tine axis: the magni tude of which decreased towards zero wth
decr easi ng ¥ eHPlclon@slymemtption hanhbasy davplongd. Thesekittives.evhgnpasststlit ed to the

occurrence i I : ry t

experi ner!)(rzlt toﬁ%m% %&E%?&ﬁ%%g@ég} %\ch Hﬁ%é ﬁglﬂg !}%ﬁggﬁ? g%\{/l\;) %‘?Ia{e %gﬁ\%g% t,o tg%{j also to
t he nore ustrahg dadiornnmuliiseifegtaipat te relhese ob Healmg t hyoiolpdis pgheredert i n t he
filmis buijfding-up. Caffeine, when used as a perneant, showed negative |ag

times. No explanation of this was forthcom ng, but it was noted that
caffeine exhibited a | ow partition coefficient in the system and that this

was al so a feature of iline meati on t hrough pol yethyl ene fil ns. which
showed a siniIa?ﬂﬁﬁgﬁ¥$@§nF?%%gféﬁxﬁﬁﬂ%&5? g%?ﬂwagngﬁﬁg Resp Ppthesied on
(hydr opteobiwijh epentiént del@\aktachsd. Masageorng have dSeérg@teded intwhietsthe Bagght t hat
surfactant may, i ngrease the release rate of .a drug by three possible
roChani o SO A B LR CE P ST IB By pUEor ) DT GrRb o gD, | 1ty t o
t he di ssol yirégaredRe asubstitdied hﬁﬁygﬁa@(iseﬁpfemtah BY reaStigy a&ﬁgm cthl&fdeSfolhf act ant 4

i ng. [ it RL 100 RS, 100 tici
lb; agglr Blgt O::tgé @r}lgre%ﬁ?t%qsct gﬂ%]éggée?@d(tgg sord?u%ll sa(ltrgf methoxy ber?z%ic acid) were Esegs 'clze

to form a matrix with a second polymer (Eudragit® RL) which released the drug on
15  hydrolysis in gastric fluid. The use of polymeric Schiff bases suitable for use as carriers

of pharmaceutical amines has also been described.

Enteric films
Enteric coatings consist of pH sensitive polymers. Typically the polymers are
20  carboxylated and interact very little with water at low pH, while at high pH the polymers
1onize causing swelling or dissolving of the polymer. Coatings can therefore be designed
to remain intact in the acidic environment of the stomach, protecting either the drug from
this environment or the stomach from the drug, but to dissolve in the more alkaline
environment of the intestine.
25
Osmotically controlled devices
The osmotic pump is similar to a reservoir device but contains an osmotic agent
(e.g., the active agent in salt form) which acts to imbibe water from the surrounding
medium via a semi-permeable membrane. Such a device, called an elementary osmotic
30  pump, has been described. Pressure is generated within the device which forces the active

agent out of the device via an orifice of a size designed to minimize solute diffusion,
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drug, and a range of surfactants) it was concluded that inproved wetting of
the tablet led to only a partial inprovenent in drug release (inplying that
t he rel eawe 2em02ad78f usi on, rather than dissolution, contcolisea)y/02mbs hough
the effect was greater for Eudragit(r) RS than Eudragit RL, while the
greatest influence on release was by those surfactants that were nore

sol ubl e due to the formation of disruptions in the matrix allow ng the

di ssol ution nmedi um access to within the matrix. This is of obvious

rel evance to a study of latex filnms which mght be suitable for
pharmaceutical coatings, due to the ease with which a polyner |atex may be
prepared with surfactant as opposed to surfactant-free. Differenceswere
found between the two polyners with only the Eudragit RS show ng

i nt eract i ongpiRelNREMLNELAH. N ]13/?110519@& f ! A S was
ascribed to tlh?di fflegii ngﬁ[ye%fgl qqét f%_g{eﬁgm%}]g%g}fag’%g&or{%f@f

pol yrer. Colepisaiingthe esmatispresons pt ¢hangind the dipesingines sfdheideviat Willedlwat ed in a
pol ymer co Wl i u evice was.caonstructed from
aqueous Eugﬁnggﬂ %}%IH?%%P ?geev?,e%grﬂﬁﬁf\%ém? %U%Q t%égbsragvef‘%egs gt Sé%ﬁtof nuous rel ease
by di f f usi oatugdted fobutidn irgthé dovice; fhen tordedsh rawugmatdseosdnalt HelivBiing harl y, a

pol ymer «cor t ai.ni t he dr.ug. has en produced and coated with a shell
t hat masscer\g)glggdenﬁ;ﬁ/alggggrvf)gm]‘elOﬁis .Veﬁﬁgtgfeate of release of the drug was found
to be relatively linear (a function of the rate limting diffusion process

t hrough t he shel and i nverse roportional to the shell thickness,
whereas the rel gjé%‘ér"f“ﬂléfﬁﬂf“ﬂé‘ti‘{#eé&é‘f ¥%as found to decrease with tine.

M crospher es Metadtithictevichehane Béb&r;ﬁ’éfﬂaﬁﬂ uSihg bl é1evdi6 LOIS RiMRhashave been
descri bed. Hol Itgw m cr oslgher es were rmed %y reparing a solution of

et hanol / di CHIBr SherRRife 2t Bierar SR oplrimy g & sprbedmsing A change orkli T i nt o

wat er, 1@n QBlMAssin@ be noiOkive By CRAkLA RRGpbh& HirsRap RO} YIBRLACEUY/ SOl vent
particles, by a cqacervation-type process fromwhich the ethanol rapidly

di ffused prwbperdessngopht yner at the surface of the droplet to give a
hard-shel | ed particle enclosing the drug dissolved in the

Hydrogels
In addition to their use in drug matrices, hydrogels find use in a number of

15  biomedical applications such as, for example, soft contact lenses, and various soft

implants, and the like.

III.  Methods of Using Modified Release Compositions Comprising Ziprasidone
According to another aspect of the present invention, there is provided a method

20  for treating a patient suffering from schizophrenia or a similar psychiatric disorder
comprising the step of administering a therapeutically effective amount of the
composition of the present invention in solid oral dosage form. Advantages of the
method of the present invention include a reduction in the dosing frequency required by
conventional multiple IR dosage regimes while still maintaining the benefits derived

25  from a pulsatile plasma profile or eliminating or minimizing the variations in plasma
concentration levels. This reduced dosing frequency is advantageous in terms of patient
compliance and the reduction in dosage frequency made possible by the method of the
present invention would contribute to controlling health care costs by reducing the

amount of time spent by health care workers on the administration of ziprasidone.

30
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di chl oronet hane. A gas phase of dichl oronmethane was then generated wthin
the particle which, after diffusing through the shell, was observed to
bubbl e t ovoheomuarizace of the aqueous phase. The hol | ow epharseqocarsspeduced
pressure, then filled with water which could be renoved by a period of
drying. No drug was found in the water. H ghly porous matrix-type

m cr ospheres have al so been described. The matri x-type m crospheres were
prepared by dissolving the drug and polyner in ethanol. On addition to
water, the ethanol diffused fromthe enulsion droplets to | eave a highly
porous particle. A suggested use of the m crospheres was as floating drug
delivery devices for use in the stomach. Pendent devices A neans of
attaching a range of drags such as anal gesics and anti depressants, etc., by

nmeans of an est gn thd OHAGAg %ﬁnﬁﬂés}’zﬂﬁ}%&é@nﬁ&&)ar@ﬁlﬁﬁﬁt Hyatre@ght Bﬂéésl Gth&%iRr epar ed

by aqueous enul sion pol ynerizatjon been devel oped hese latti ces, when

passed t hr oU@Jef- die feom "Bleledigder essyspd dyrughew dhe EXH@P];%FG}%FO EHET Yrid@ps wer e

converted tieh Bﬁhﬁed&ifyrﬁa%g@?ﬂ%ugﬁ b Ratef @ﬂ%}a@iol? %}sterrp ?tt1§ {oGunlidd 05@ hgage of the
drug by hydrolysis of the 'ester |ink. Drugs have been attached to pol yners,

and al so no¥emeles a’f?af(?’éﬂlb%@ﬁvesw%e%@%e@n%hmld@opb%@mrﬁd@ ergrealrictiechibe .

Dosage f:0r ng,;haye,Rean opf i
bi oconpati b 1e po?ymar oF h%ﬁ)%@gq eargd e‘&hb tﬂl:hgscglgcfucgt%e 0,14?89 35% y%ri des
prepared froma substltuted anhydri de (|tself prepared by reacting an acid

chl ori de mnﬁp drug met hacryl oyl chloride and the sodium salt of

met hoxy ben20| aC|d) were used to forma matrix with a second pol yner

(Eudragit(r) RL)EmdmpIelsnlne# pa)seld ekdfl@ldylzg)rasmoh@/tiblat fpahslations.g@ktsei ¢ 1 ui d.

The use of pol Ses, S itable carriers of

phar maceut | Sa Resdet pikotsq 335 EnT il Fpureoth fuffhSH MhEEnc er i o

coati nge) cosxsinplaryohblptfosrulstidnk hiﬂz@x@kl&dsmrvﬂnch-rqaﬁlbe alilized ilh@e pRthode bBthar e

carboxylated and |§ %ract very litt with water at |ow pH while at high
uch exemplary tabl

pH t he pol y1 ets can a so comprise a coating agent.
Example 1
Exemplary Nanoparticulate
Ziprasidone Tablet Formulation #1
Component g/Kg
Ziprasidone about 50 to about 500
Hypromellose, USP about 10 to about 70
Docusate Sodium, USP about 1 to about 10
Sucrose, NF about 100 to about 500
Sodium Lauryl Sulfate, NF about 1 to about 40
Lactose Monohydrate, NF about 50 to about 400
Silicified Microcrystalline Cellulose | about 50 to about 300
Crospovidone, NF about 20 to about 300
Magnesium Stearate, NF about 0.5 to about 5
15
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ioni ze causing swelling or dissolving of the polyner. Coatings can
therefore be designed to remain intact in the acidic environnent of the

st omach, woavewkrarg ei ther the drug fromthis environnercTas2akae2sbdmach
fromthe drug, but to dissolve in the nore al kaline environnent of the
intestine. OGsnotically controlled devices The osnotic punp is simlar to a
reservoir device but contains an osnotic agent (e.g., the active agent in
salt form) which acts to inbibe water fromthe surrounding mediumvia a
sem - per neabl e nenbrane. Such a device, called an elenmentary osnotic punp,
has been described. Pressure is generated within the device which forces
the active agent out of the device via an orifice of a size designed to
mnimze solute diffusion,mhile preventing the build-up of a hydrostatic

pressure hepd,
and changlng t

h can have the effect of decreasing the osnotic pressure

Zlnen5|ons of the deV|ce

VWhil e the interna

vol une of the

devi ce renai ns constant;—and—t e sy Rl , g gf—sot+d—or——sat ur at ed
solution in the dévice, the Xer %llf ase ﬁ?gféc'j% éi‘ls constant delivering a
vol ume equal to the—velure ufpggfogutaﬁ§¥i m i eal-Hy—sti nul at ed

rel ease devi ces olithic ﬂwﬁv\’d _have-bebt nrnn:nbv USi ng nrl)| ye| ectrol yt e
gel s whi ch swel | \..TW.L,S‘ oBf : 100) t9 @pout 309~ 1 | il us i s

appl i ed causing a HXBFQ@J@HPﬁa Hﬁp The releas at??B(/?’QﬁQ abaeh 04t ed Dy changes in
the applied currenPoresaisSodiven USPcanst ant _bebogh9-§ 42 shost }&| ease profil e.

Hydrogel s I n addi

SoerosegNFhei r use in drug

shout 1o abtiy3Pdgel $ find use in

a nunber of bi onedBedibtmdppil SulfitaF such asabolibl tosbenipile, sofi cont act
| enses, and vari ou$agofetMombldmtesNF and t he| dtiokel00 tblabouvBdtods | of Usi ng

Modi fi ed Rel ease CSitpifsdiNionsrysatine CsilulgseZ

oas s DordowaAoor di n(

) to anot her

aspect of the presendspovid@r] NBN,

there is

pitvit SiEE adoiEiobod

Magnesium Stearate, NF

about 0.5 to about 5

5 Example3
Exemplary Nanoparticulate
Ziprasidone Tablet Formulation #3
Component g/Kg
Ziprasidone about 200 to about 225
Hypromellose, USP about 42 to about 46
Docusate Sodium, USP about 2 to about 6
Sucrose, NF about 200 to about 225
Sodium Lauryl Sulfate, NF about 12 to about 18
Lactose Monohydrate, NF about 200 to about 205
Silicified Microcrystalline Cellulose | about 130 to about 135
Crospovidone, NF about 112 to about 118
Magnesium Stearate, NF about 0.5 to about 3

Example 4

Exemplary Nanoparticulate
Ziprasidone Tablet Formulation #4

Component

g/Kg

Ziprasidone

about 119 to about 224

Hypromellose, USP

about 42 to about 46

Docusate Sodium, USP

about 2 to about 6

Sucrose, NF

about 119 to about 224

Sodium Lauryl Sulfate, NF

about 12 to about 18

Lactose Monohydrate, NF

about 119 to about 224

Silicified Microcrystalline Cellulose

about 129 to about 134

Crospovidone, NF

about 112 to about 118

Magnesium Stearate, NF

about 0.5 to about 3
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for treating a patient suffering from schizophrenia or a simlar
psychiatric disorder conprising the step of adm nistering a therapeutically
ef fecti vewarmoamb7oB8 t he conposition of the present i nvemCirars2o0a/033wbs d or al
dosage form Advantages of the nmethod of the present invention include a
reduction in the dosing frequency required by conventional multiple IR
dosage regines while still maintaining the benefits derived froma

pul satile plasma profile or elimnating or mnimzing the variations in

pl asma concentration |levels. This reduced dosing frequency i s advantageous
in terns of patient conpliance and the reduction in dosage frequency nade
possi bl e by the nethod of the present invention would contribute to
controlling health care costs by reducing the anount of tine spent by

heal th car eEmlgqggs on the adm nistration of ziprasidone.ln the follow ng
exanpl es, all percentages are wei ght by wei ght unless otherw se stated. The
term " puri f Mathpstiedite Modifiedir elénse Gghipasition Eomainipg Eipragfares t o wat er t hat
has been purified by passing it through a water filtration system It is to
be under st ood t Hamuttipertenatephakifialelehssreompbsisir @tordmgpouthepssentonl y, and
shoul d t .he in reted as restricting the it d, breadth of the
Tvent i on adveriPh SORPE)H el Rl SR o B RS R b

Exanpl es 1 dontadhijy Dpriasidorexie piepatdaszblisvesi done tabl et fornul ati ons. These
exanples are not intended to limt the clains in any respect, but rather to
provi de exenpl ary tablet fornulations of ziprasidone which can be utilized
in the methods @h) t hémineieRtiadase BRICOoRp@RR ary tablets can al so conprise a
coating agent. anpl e 1Exanp] e 2Exanple 5 Ml tiparticul ate . .

Modi fi ed-rel eas§<< ?ﬂqgtﬁ’é‘s‘l]ftzlpﬁl P RIRAITG 259pHag fofeN et ke feruabiars ¥ at e

nodi fi ety r eha@sR 1CPRPASHhHY IR @ECHNHON G theh §ARIRLRSRADarbin¥RM th @NevePHPT | Si NG
an i medi ate rel ease conponent and a nodified-rel ease conponent containing

zi pr asi done?PPEXEREYE L 84 aliflpVpighiay using foresmple 2 RErteGREGE (@attConponent .
Protech Ltd., Leicester, UK) fluid bed coating apparatus to form the IR particles of the

immediate release component.

15 TABLE 1
Immediate release component solutions
Amount, % (W/'w)

Ingredient @) (1)
20 Ziprasidone 13.0 13.0

Polyethylene Glycol 6000 0.5 0.5

Polyvinylpyrrolidone 3.5

Purified Water 83.5 86.5

25
(b) Modified-release Component
Ziprasidone-containing delayed release particles are prepared by coating
immediate release particles prepared according to Example 5(a) above with a modified-
30  release coating solution as detailed in Table 2. The immediate release particles are coated
to varying levels up to approximately to 30% weight gain using, for example, a fluid bed

apparatus.
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A sol ution of ziprasidone is prepared according to any of the fornulations
given in Table 1. The net hyl phenidate solution is then coated onto
nonpar ei Iweeeai2tzrza | evel of approxi mately 16. 9% sol i deCuaisgdis/ogwbh usi ng,
for exanple, a att GPCG3 (datt, Protech Ltd., Leicester, UK) fluid bed
coating apparatus to formthe IR particles of the imedi ate rel ease
conponent. TABLE :1 |Imredi ate rel ease conponent sol utions Anmount, % (w w)
Ingredient (i) (ii) Ziprasidone 13.0 13.0 Pol yethylene dycol 6000 0.5 0.5
Pol yvi nyl pyrrolidone 3.5 Purified Water 83.5 86.5 (b) Mdified-rel ease
Conmponent Zi pr asi done-cont ai ni ng del ayed rel ease particles are prepared by
coating imedi ate rel ease particles prepared according to Exanple 5(a)
above with a nodifiedrel ease coating solution as detailed in Table 2. The
i medi ate rel ease particles are coat ggig ¥arying levels up to
approximatel y to 30% wei gixba;giah R1disd Opoh8ift EatfERbRtioR f! uid bed
?p/p\z/iv; a'lt us. TS\BLE Zé !\/g)dl(fl)ed_ r_el) ea.se})\ﬁ?%,o%? ngfoajtl ng(g sol uti ogs Ayr:n(m'; , 4‘;/0 ;
W ngr edi - A1) 1 V) [ Vil o Vi agit(r :
42.0 47.4 531 dizfglitlg 25. 0 %712.‘% (19 g (g;_g. 3%’_‘)46.@‘9 ?;i.oj
RS 12.5
Eudragit® - - - - - 54,35 46.5
S12.5
Eudragit® - - - - - - 25.0
10 L125
Polyvinyl- - - - 035 03 - - -
pyrrolidone
Diethyl- 0.5 0.5 0.6 135 0.6 1.3 1.1 -
phthalate
15 Triethyl- - - - - - - - 1.25
citrate
Isopropyl 30.8 331 372 451 338 4435 496 465
alcohol
Acetone 10.0 8.3 9.3 - 8.4 - - -
20 Talc' - 160 59 - 163 - 28 225
! Talc is simultaneously applied during coating for formulations in
column (i), (iv) and (vi).

4 .oELié'.)lagis‘?s.zr ) 4

(c) Encapsulation of Immediate and Delayed Release Particles.
25
The immediate and delayed release particles prepared according to Example 5(a)

and (b) above are encapsulated in size 2 hard gelatin capsules to an overall 20 mg dosage
strength using, for example, a Bosch GKF 4000S encapsulation apparatus. The overall
dosage strength of 20 mg ziprasidone was made up of 10 mg from the immediate release

30  component and 10 mg from the modified-release component.

EXAMPLE 6

Multiparticulate Modified-release Composition Containing Ziprasidone
35

Multiparticulate modified-release ziprasidone compositions according to the
present invention having an immediate release component and a modified-release
component having a modified-release matrix material are prepared according to the
formulations shown in Table 3(a) and (b).

40
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S 12.5 Eudragit 25.0 L 12.5 Polyvinyl 0.35 0.3 pyrrolidone Diethyl- 0.5 0.5
0.6 1.35 0.6 1.3 1.1 phthalate Triethyl- 1.25 citrate |sopropyl 39.8 33.1
37.2 45. wB20@/4h735 49.6 46.5 al cohol Acetone 10.0 8. 3r@Tarsd00é/0Imbs 1 16.0
5.9 16.3 2.8 2.25 Talc is simultaneously applied during coating for
formulations in colum (i), (iv) and (vi). (c) Encapsul ation of |nmediate
and Del ayed Rel ease Particles. The imedi ate and del ayed rel ease particles
prepared according to Exanple 5(a) and (b) above are encapsulated in size 2
hard gel atin capsules to an overall 20 ng dosage strength using, for
exanpl e, a Bosch GKF 4000S encapsul ati on apparatus. The overal |l dosage
strength of 20 ng zi prasi done was nade up of 10 ng fromthe i nmedi ate

rel ease conmponent and 10 ng fromthe nodified-rel ease conponent. EXAVPLE 6
Mul tiparticul ate Mdified-rel ease Comeigitign Containing Ziprasi done

Mul tiparticul ate no@ifh SO R&LEBSRNTIRAGDLANBE WHR TIPS ARgifRGCOr ding to the
present invention haylQoneg) dofpefinflcSiléd S7RE d6QIEP oRGilin F0fhR

nodi fi ed-rel ease % (wiw)
5 IR component

Ziprasidone 10
Microcrytalline cellulose 40
Lactose 45
10 Povidone 5

MR component

Ziprasidone 10
15 Microcrytalline cellulose 40
Eudragit® RS 45
Povidone 5
TABLE 3 (b)
20 50 mg of IR component is encapsulated with 50 mg of modified
release (MR) component to give a 20 mg dosage strength product.
% (w/w)
IR component
25 Ziprasidone 20
Microcrystalline cellulose 50
Lactose 28
Povidone 2

30 MR component

Ziprasidone 20

Microcrytalline cellulose 50

Eudragit® S 28

35 Povidone 2
EXAMPLE 7

The purpose of this example is describe how a nanoparticulate ziprasidone
composition may be prepared.
40
An aqueous dispersion of 5% (w/w) ziprasidone, combined with one or more
surface stabilizers, such as hydroxypropy! cellulose (HPC-SL) and dioctylsulfosuccinate
(DOSS), may be milled in a 10 m] chamber of a NanoMill® 0.01 (NanoMill Systems,
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conmponent having a nodi fied-release matrix material are prepared according
to the formulations shown in Table 3(a) and (b). TABLE 3 (a) 100 ng of IR
conmponentwooeneagsul ated with 100 ng of nodified rel eapeT(UsR)06023EPOHNENt tO
give a 20 ng dosage strength product % (ww) IR conponent Ziprasi done 10

M crocrytalline cellul ose 40 Lactose 45 Povi done 5 MR conponent Zi prasi done
10 Mcrocrytalline cellulose 40 Eudragit(r) RS 45 Povidone 5 TABLE 3 (b) 50
ng of IR conponent is encapsulated with 50 ng of nodified rel ease (MR
conponent to give a 20 ngy dosage strength product. % (ww IR conmponent

Zi prasi done 20 Mcrocrystalline cellul ose 50 Lactose 28 Povi done 2 MR
conponent

King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500 micron

PolyMill® attrition media (Dow Chemical Co.) (e.g., at an 89% media load). Inan

exemplary process, the mixture may be milled at a speed of 2500 rpms for 60 minutes.

5 Following milling, the particle size of the milled ziprasidone particles can be
measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer. For
a successful composition, the initial mean and/or D50 milled ziprasidone particle size is

expected to be less than 2000 nm.

10 It will be apparent to those skilled in the art that various modifications and
variations can be made in the methods and compositions of the present inventions without
departing from the spirit or scope of the invention. Thus, it is intended that the present
invention cover the modification and variations of the invention provided they come
within the scope of the appended claims and their equivalents.

15
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Zi prasidone 20 Mcrocrytalline cellulose 50 Eudragit(r) S 28 Povi done 2
EXAMPLE 7 The purpose of this exanple is describe how a nanoparticul ate

zi prasi dowe 2eeompoxsBti on may be prepared. An aqueous di SPETAISC0V60L36880 (W W)
zi prasi done, conbined with one or nore surface stabilizers, such as

hydr oxypropyl cellul ose (HPC SL) and di octyl sul fosucci nate (DOSS), may be
mlled in a 10 mM chanber of a NanoM Il (r) 0.01 (NanoM || Systens, King of
Prussia, PA; see e.g., U S. Patent No. 6,431,478), along with 500 m cron
PolyMI1 (r) attrition nedia (Dow Chem cal Co.) (e.g., at an 89% nedi a

| oad). In an exenplary process, the mxture may be mlled at a speed of
2500 rpns for 60 mnutes. Followng mlling, the particle size of the

m |l ed ziprasidone particles can be nmeasured, in deionized distilled water,

using a HorwipatAs 8LA1vAD ¢! e size anal yzer. For a successful conposition,
the initial nmean and/or D50 m |l ed ziprasidone particle size is expected to

pe 1ess than 20005kl narlobartiblidic B BRARL Binptifind. NR7 Farfilibd ot NE art that
Bt dA pe

vari ous nodifications ang variatio s can and
conposi t i orfprafidaniecsapk ragistes having an m‘?éwngwemgumanﬂlebasrzmﬁ@si ﬂn@mbdmew}@i rit or

scope of thg i ﬁﬂ&éroﬁhd(#(ggﬁeas% és%n‘fiapes?gf)gl that the present invention

cover the m)dll?d{catl o] vari ationa o s i nventi on provi ded they cone
within the scope of the appended clainms and their equivalents. WHAT IS
CLAI MED | S:2.1. Ahsveabpeitioand plain il,cmeattlesaz(bp@usliei dro i @msrﬁialihsi: plgase (an)

Bver age partiapiois Pt oReAELI A Rue SALE RBHL AR MRHR A SRR, oy

| east one surface stabilizer. 2. The corrp05| tion of claim 1 vvherel n said
particles are i Tha c@mp@zt@ppf glgmphagl@relathe effective average particle size of said

particles is selected from the group consisting of less than about 1900 nm, less than about
1800 nm, less than about 1700 nm, less than about 1600 nm, less than about 1500 nm, less
than about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than about
1100 nm, less than about 1000 nm, less than about 900 nm, less than about 800 nm, less
than about 700 nm, less than about 600 nm, Iess than about 500 nm, less than about 400
nm, less than about 300 nm, less than about 250 nm, less than about 200 nm, less than

about 100 nm, less than about 75 nm, and less than about 50 nm in diameter.
4. The composition of claim 1, wherein the composition is formulated:

(A)  for administration selected from the group consisting of parenterally, orally,
vaginally, nasally, rectally, otically, ocularly, locally, buccally,

intracisternally, intraperitoneally, or topically;

(B)  into a dosage form selected from the group consisting of tablets, capsules,
sachets, solutions, dispersions, gels, aerosols, ointments, creams, and

mixtures thereof;

(C)  into a formulation selected from the group consisting of controlled release
formulations, fast melt formulations, lyophilized formulations, delayed
release formulations, extended release formulations, pulsatile release
formulations, and mixed immediate release and controlled release

formulations; or
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anor phous phase, a sem -crystalline phase, a sem anorphous phase, or a

m xture thereof. 3. The conposition of claiml, wherein the effective

aver age paotwetre7sBze of said particles is selected fromCrhs2@6005595
consisting of |ess than about 1900 nm |ess than about 1800 nm | ess than
about 1700 nm |ess than about 1600 nm |ess than about 1500 nm | ess than
about 1400 nm |ess than about 1300 nm |ess than about 1200 nm | ess than
about 1100 nm |ess than about 1000 nm |ess than about 900 nm | ess than
about 800 nm I|ess than about 700 nm |ess than about 600 nm | ess than
about 500 nm |ess than about 400 nm |ess than about 300 nm | ess than
about 250 nm | ess than about 200 nm |ess than about 100 nm |ess than
about 75 nm and | ess than about 50 nmin dianeter. 4. The conposition of

claim 1, whereinphhe comasdibRBr i, B9rdr¢ept ed: (A) for adm nistration
sel ected fromthe group consisting of parenterally, orally, vaginally,

nasally, rectally, otically, ocularly, locally, buccally, intracisternally,
i ntraperit oheal |'\Pe coppesiimeofclaim 1 fusiher ¢pngpriging9ag gemprsbpmracaicaldy f r om t he

group consi3tdyihlOdxctRLtiriers 3 UbiBbinatRANGES: Sol utions, dispersi ons,
gels, aerosols, ointments, creans, and m xtures thereof; (C into a

formul ati on selected fromthe group consisting of controlled rel ease
fornul ati orfs, f ade cRmpesitioasofglaim L.oMsTeiy ophi | i zed fornul ations, del ayed
rel ease fornul ati ons, extended rel ease fornul ati ons, pulsatile rel ease

fornul ations, and)m %&d zipAIRGhaik Brek@k BARRI RRPoSIAGE InUnl 8fbuhiRIGE from
formul ations; or(D) any conbi nati on_of EA), B), or %gﬁ. 5. The conF05|t|on
of claim1l further cOfFPENEIBRE OFoRBPE PR MREBAIIN 1y Tamcbpriable _
excipients, carriers o fMouf0. PANGIFRa! il 5098 IRBbut Bs%, hewaMReetban of claim
1, wherein: (A) said ziprasidone is present in said conposition in an

amount sel ect ed fr omcombined dry weight of ziprasidone and surface stabilizer in the

composition, not including other excipients;

(B)  said surface stabilizer or surface stabilizers are present in a total amount of
from about 0.5% to about 99.999%, from about 5.0% to about 99.9%, or
from about 10% to about 99.5% by weight, based on the total combined dry
weight of ziprasidone and surface stabilizer in the composition not

including other excipients; or
(C)  acombination of (A) and (B).

7. The composition of claim 1, wherein the surface stabilizer is selected from the
group consisting of a non-ionic surface stabilizer, an anionic surface stabilizer, a cationic

surface stabilizer, a zwitterionic surface stabilizer, and an ionic surface stabilizer.

8. The composition of claim 1, wherein the surface stabilizer is selected from the
group consisting of cetyl pyridinium chloride, gelatin, casein, phosphatides, dextran,
glycerol, gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium chloride, calcium
stearate, glycerol monostearate, cetostearyl alcohol, cetomacrogol emulsifying wax,
sorbitan esters, polyoxyethylene alkyl ethers, polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters, polyethylene glycols, dodecyl trimethyl
ammonium bromide, polyoxyethylene stearates, colloidal silicon dioxide, phosphates,
sodium dodecylsulfate, carboxymethylcellulose calcium, hydroxypropyl celluloses,
hypromellose, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose,
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the group consisting of fromabout 99.5%to about 0.001% from about 95%to
about 0.1% or from about 90%to about 0.5% by weight of the total

conmbi ned woyoswi2gits of zi prasi done and surface stabilizecTius2a06023695
conposition, not including other excipients; (B) said surface stabilizer or
surface stabilizers are present in a total amount of from about 0.5%to
about 99.999% from about 5.0%to about 99.9% or from about 10%to about
99. 5% by wei ght, based on the total conbined dry weight of ziprasidone and
surface stabilizer in the conposition not including other excipients; or
(C© a conbination of (A) and (B). 7. The conposition of claiml, wherein
the surface stabilizer is selected fromthe group consisting of a non-ionic
surface stabilizer, an anionic surface stabilizer, a cationic surface

stabilizer, h)g)r(?lﬂ\élfog@ﬁﬂtﬁmétg ﬁH&r&%@ﬁné&eﬁ&bée‘ il V\%nesﬁﬂld Rk QG aur f ace

stabilizer. 8. The conposi’tion e SUr T3¢ stabilizer
i s sel ect edtrﬂeﬂ%lf*ﬁl*ﬁlh@eglot»wplyédn@%mplygmwfpycdt@he Ey(li I, Britatrmetytininde,

| at um acaci a, chol esterol,
? rGagalzgnt haﬁ}%%l 5e!a{)r i°C agﬁtg o geﬁggggéé%ﬂ[dﬂt%ﬂ%%%}’led%db’é A4t @ﬁﬁ?i"@’e{’f"%tae gl ycer ol
nmonost ear at éargsé pbﬁsspbdmyd ldaic?rmuﬁbs,uc@mm mlmdifydngmishcﬁlmu(ﬂﬁmfsmf?%?yi%? I,ama,or bi t an
t , |y a oxye ene cas
dor  vat | ves o UBbPhI SR T il s b5t Bty PRy e paOS bR 1k ene
gl ycol s, dos:hemyd: dibtearate} gHsbn@iytphenoipddy-Qilycidsl), BehiEHNed amiRanpat es,

col |l oidal s C | oxi de, hosph sodi um dodecyl sul f at e,
car boxynet h le[ﬁglﬁ WQBWE%‘?S @éﬁﬂ‘? WPSI%PTW@“@éﬁ'D-hypr onel | ose,

car boxynet &oﬁrﬂaﬁés%en-%@&]écym anﬁ&lt&iﬁlg qeiatu %I-methpr fsl{cgrln de n—h%petyll-%Pé se

hydr oxyet hyl c ul ose, hyprofel | ose pht’hatl at nonc I'he
magnesi um atlweyranosdel n-beptel B- DFthmghaomleathml BB kyeopyyinosile;aloginoyl-N-

Gt hyl ene. oXP D KR PO et LR TR PSRy Rpsmidb e ey

phosphol i pi phghb@eknkiat deBs BaRiGHRop$thRtskie! SSLERS, MG SRSt lpEesucci ni ¢

acid, cholesterol, PEG-cholesterol derivative, PEG-vitamin A, PEG-vitamin E, lysozyme,
random copolymers of vinyl acetate and vinyl pyrrolidone, a cationic polymer, a cationic
biopolymer, a cationic polysaccharide, a cationic cellulosic, a cationic alginate, a cationic
nonpolymeric compound, a cationic phospholipid, cationic lipids, polymethylmethacrylate
trimethylammonium bromide, sulfonium compounds, polyvinylpyrrolidone-2-
dimethylaminoethyl methacrylate dimethy! sulfate, hexadecyltrimethyl ammonium
bromide, phosphonium compounds, quarternary ammonium compounds, benzyl-di(2-
chloroethyl)ethylammonium bromide, coconut trimethyl ammonium chloride, coconut
trimethyl ammonium bromide, coconut methy! dihydroxyethyl ammonium chloride,
coconut methyl dihydroxyethyl ammonium bromide, decyl triethyl ammonium chloride,
decyl dimethyl hydroxyethyl ammonium chloride, decyl dimethyl hydroxyethyl
ammonium chloride bromide, Cy,.;sdimethyl hydroxyethyl ammonium chloride, Cj,.
1sdimethyl hydroxyethyl ammonium chloride bromide, coconut dimethyl hydroxyethyl
ammonium chloride, coconut dimethyl hydroxyethyl ammonium bromide, myristyl
trimethyl ammonium methyl sulphate, lauryl dimethyl benzyl ammonium chloride, lauryl
dimethyl benzyl ammonium bromide, lauryl dimethyl (ethenoxy), ammonium chloride,
lauryl dimethyl (ethenoxy)s ammonium bromide, N-alkyl (C).; g)dimethylbenzyl
ammonium chloride, N-alkyl (C4.15)dimethyl-benzyl ammonium chloride, N-
tetradecylidmethylbenzyl ammonium chloride monohydrate, dimethyl didecyl ammonium

chloride, N-alkyl and (Cj2.14) dimethyl 1-napthylmethyl ammonium chloride,
58



sodium | auryl sulfate, alkyl aryl polyether sulfonates, m xtures of sucrose
stearate and sucrose distearate, p-isononyl phenoxypoly-(glycidol),

decanoyl -WerettergBucam de; ndecyl b-D- gl ucopyranosi de; paTamseyos/023695

b- D- mal t opyr anosi de; n-dodecyl b-Dgl ucopyranosi de; n-dodecyl b-D- maltoside;
hept anoyl - N- et hyl gl ucam de; n-heptyl- b-Dgl ucopyranosi de; n-heptyl

b- D-t hi ogl ucosi de; n-hexyl b-D gl ucopyranosi de; nonanoyl - Nmet hyl gl ucam de;
n- noyl b-D- gl ucopyranosi de; octanoyl - N-net hyl gl ucam de; n-octyl -b-

D gl ucopyranosi de; octyl b-D-thioglucopyranoside; |ysozyne,

PEG phosphol i pi d, PEGchol esterol, PEG chol esterol derivative, PEGvitamn
A, PEGvitamn E, |ysozyne, random copolyners of vinyl acetate and vinyl
pyrrolidone, a cationic polymer, a cationic biopolyner, a cationic

pol ysacchar j ges i e | iC
nonpol yneric colgr}gaolﬁl% l&g hg]é&i’ Lc‘)lk ctﬂp eﬁlglaﬁmftﬁgilnggyhg a(f}%ﬂggrlllF@IEl Fth ﬁlgﬁ@hfuﬂﬁ

pol ymet hy| netithdeuryl teimethy} ammohyinghieo s, @mobyl@nd @IbyamndbilbﬂdlalkvbmnmunmS

pol yvi nyl pyr .0 ul,f at e,
Pexadecy! {1 aerh RO et Ml AR O o REbAC Ll Db a2
amoni um cod@w&cﬂmpthpmwlmm @monéd;l\buemmehglﬂx)rethyydeamhanmumdm ohiodds coconut

T A e e M e e

amoni um br asdectddintesHentyl bﬁhi’cb)ﬂunﬁdmmi’db Ufalkylibeided ealkyd @mytlonthinnatildyide,

hydr oxyet h chlorid dec di net hyl hydr oxyet |u
c%l ori ée bﬂ?fﬂygm aF‘S}TFWE{ ridg y&‘?ﬁ?‘gﬁﬁﬁhyéﬁg?ﬂ?ﬂnﬂ% @ﬂ%‘?ﬂﬁr %@%
i 5di met hyl  Bi@a9X}»embyibmaToreiat U, £ileyl Bambhia Hiemides N Mimetiylet hy|

hydr oxyet hyl ammonium chloride, coconut dinethyl %/dr oxyet hyl anmoni um
A

bromi de, my PRSP PTRdEh (i EreHR URPANTR onglé?spﬂ c&ylopngyt Yiethll et hy |
benzyl amoDgibhiahl Blorde ,pol}ﬁdiﬁuslldlﬂieﬂﬁahﬂonhﬁmgmd)nﬁMMﬁb? rapmdieg, | auryl
di met hyl (ethenoxy)4 ammoni um chl oride, |auryl dinet hyI henoxy) 4
ammoni um br #geivnghlprides, allddpuqthydgmmegivgyrleasdes. Esprshnethyl@rmnnie

N-al kyl (C] chlo Elécgﬁﬁrﬂ&hylgxﬁ%ﬂﬂunm{a'e WBdERNREhFBmmonium bromide,

Nt et radecyl i dnet
tetradecyltnmethylammomum bromide, methyl trioctylammonium chloride, POLYQUAT

10™, tetrabutylammonium bromide, benzyl trimethylammonium bromide, choline esters,
benzalkonium chloride, stearalkonium chloride compounds, cetyl pyridinium bromide,
cetyl pyridinium chloride, halide salts of quaternized polyoxyethylalkylamines,
MIRAPOL™, ALKAQUAT™, alkyl pyridinium salts; amines, amine salts, amine oxides,
imide azolinium salts, protonated quaternary acrylamides, methylated quaternary

polymers, and cationic guar.

9. The composition of claim 1, wherein the composttion does not produce
significantly different absorption levels when administered under fed as compared to

fasting conditions.

10.  The composition of claim 1, wherein administration of the composition to a subject
in a fasted state is bioequivalent to administration of the composition to a subject in a fed

state.

11.  The composition of claim 1, wherein the pharmacokinetic profile of the
composition is not significantly affected by the fed or fasted state of a subject ingesting

said composition.
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amoni um chl ori de nonohydrate, dinethyl didecyl amonium chloride, N alkyl
and (Cl12-14) dinethyl 1-napthyl nmethyl amonium chl oride, trinethyl amoni um
hal i de, awbybetmramt hyl anmoni um sal ts, di al kyl - di nenyl arooriseememadeds,
l auryl trimethyl amonium chl oride, ethoxyl ated
al kyam doal kyl di al kyl ammoni um salt, an ethoxylated trial kyl ammoni um salt,
di al kyl benzene di al kyl anmoni um chl ori de, Ndi decyl di net hyl anmmoni um
chl oride, N-tetradecyl di nethyl benzyl anmoni um chloride nonohydrate,
N-al kyl (C] 2.1 4) dinethyl 1-naphthyl nethyl ammoni um chl ori de,
dodecyl di met hyl benzyl anmmoni um chl ori de, di al kyl benzeneal kyl amoni um
chloride, lauryl trinmethyl ammonium chloride, alkyl benzyl nethyl amonium
chl oride, al kyl benzyl di met hyl anmoni um bronide, CL trimet hyI anmoni um
brom des, GL5 tr br om des,
dodecyl benzy[ trpll et tlgml&h}r;mg rg{ﬁ} %%ﬁ adft n?sh%ﬁbf&s%i n?rlonl um
chl ori de ( DADMAG) thedpmposm}dn reodvoes thmmﬂuhorqsdl@sa,tadbsag(t Whmhnshyslsahmﬁkmtum
hal ogeni des,. tric chl.oride, decyltrinethyl anmoni um
br om de, dod é‘élmfltnrrl1 aﬁlc}]fapeydoﬁ glr.jn%D’B’ro an aSlCi)otnet radecyl tri met hyl ammoni um
brom de, net hyI tri octyl ammoni um chl ori de, POLYQUAT 10(tm,
t et r abut yI aidoniAuennigrostiiod ef clbignk yhich hasyet hyI ammoni um brom de, choline
esters, | k u hl ori.de t ear al chI Qe de cetyl

pyri di ni um Qg)ra 2 é“a"r’%)g%lyfamdondwwﬁ’laﬁs (ﬁ or| & amammzﬁ* %6? guat erni zed

pol yoxyet h;tbndnin)ng adminéstratidd, RAPGIgtdary 1haAh;HémaW5(r _thas)samaklmalsldpx;erwltﬁnni um sal ts;
am nes, ge sat rr?]a tggns ne oxi des, al m de azol |1%| ﬁét pr ot onat ed

quat er nary CEUIPSTe 40 SRS IR9F MY R B R P R PSP IaG M and cationic guar.
9. The conpbpi t ia@ME fod lzipra¥idbne Whet Bdyed hﬁhép]l?fﬁﬁﬁbﬁd 108 Aees salgectpr oduce

si gni ficant di fferent abs tion | els m ni stere er fed as
conpar ed t&J ‘g%‘%l[“g ﬁg‘“’é‘&fﬁaﬁl?l} 15 gygter Btftedmgg‘i’rttg%ﬁm&fzmﬂséﬁgﬁ? T’?‘el%/\,her ein
adm ni st r atddginistbrel BEthe AROEIsE 1k 4 RorPnasibPireaillatt Prdubést; ed state is

bi oequi val ent to _adm nistration of the conposition to a_subject in a fed
(c) a Tmax for ziprasidone when assayed in the plasma of a mammalian subject

following administration, that is less than the Ty, for the same ziprasidone when
administered at the same dose using a non-nanoparticulate formulation; or

(@ any combination of (a), (b), and (c).

14.  The composition of claim 1, additionally comprising one or more active
compounds useful for the prevention and treatment of schizophrenia and similar

psychiatric disorders

15.  The composition of claim 14, wherein the one or more active compounds is
selected from the group consisting of compounds useful in the treatment of a condition

selected from the group consisting of headaches, soreness, fever, and combinations thereof.

16.  The composition of claim 1 wherein said particles contain a reservoir which
contains ziprasidone said reservoir being enclosed by a semi-permeable membrane which
allows for water to be imbibed into said particles, thus generating pressure which forces

said ziprasidone out of said particles.

17.  The composition of claim 1 wherein said reservoir comprises also an osmotic

agent.
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state. 11. The conposition of claim11, wherein the pharnmacokinetic profile
of the conposition is not significantly affected by the fed or fasted state
of a subjwotoémgexssi ng said conposition.12. A conpositi eacTafS2acariel

wher ein, upon adm nistration of said conposition to a mammal, the
conposition produces therapeutic results at a dosage which is | ess than
that of a non-nanoparticul ate dosage form of ziprasidone. 13. A conposition
of claim1l which has: (a) a Crax for ziprasi done when assayed in the plasna
of a mammal i an subject followi ng adm nistration, that is greater than the
Crax for the sanme ziprasi done when adm nistered at the sanme dose using a
non- nanoparticulate formulation; (b) an AUC for ziprasi done when assayed in
the plasnma of a mammualian subject follow ng adm nistration, that is greater

than the AUg fora ifithod 3FBrepdiipdRd SRNRsMBSOr QLM NicdigRisRY cBhtadtiiE padiERs dose

using a non-nanoparticulate formulation; (c) a Tmax for zi rasi done when
assayed i n qomwriging sad zipkasidonamirhat laast sufjuslete ftabiilizsnion g perid afitisieraadi on, t hat
is less th ] : [ i : i.nist.ered at the
same dose ﬁg}dﬁg&ﬁr@ﬁﬁ‘gﬁ%ﬁ‘gﬁ?‘?ﬁ’?&% g&;c}g%#u gtl(:g icon,s&(l)tr?oql{EI 8?{132%11@& conbi nati on
of (a), (b)ziprasidonedipving4n efférdive avmpassipitiols sk of leas Himid pbomti2d00inomial | y

conpri si ng ne or nore active conpounds useful for the prevention and
treatnment o scﬁi'zophreni a and simlar psychiatric disorders 15. The
conposition of claim 14, wherein the one or nore active conmpounds is

sel ect ed fr¥m t Héhegneathnel cfohan 48) wiproh theoppetingsomgeseslerinding, vet grimhngrent  of
a condition select from: ro consi.stin f .he Y 1.5 S,
fever, andn}%:oén e?%%}%&%re?lﬂ%a?%%’% ?m%te.m#%éonc 8?7%8%‘2??%828%?I%gﬁg}erﬁgﬁgva\ﬁ%r ein
sai d parti cledmiquesit ai n a reservoir which contains ziprasidone said
reservoir being enclosed by a sem -perneabl e nenbrane which

20.  The method of claim 18, wherein the effective average particle size of the
nanoparticulate particles is selected from the group consisting of less than about 1900 nm,
less than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than
about 1500 nim, less than about 1000 nm, less than about 1400 nm, less than about 1300
nm, less than about 1200 nm, less than about 1100 nm, less than about 900 nm, less than
about 800 nm, less than about 700 nm, less than about 600 nm, less than about 500 nm,
less than about 400 nm, less than about 300 nm, less than about 250 nm, less than about
200 nm, less than about 100 nm, less than about 75 nm, and less than about 50 nm in

diameter.

21. A method of preventing and/or treating schizophrenia or a similar psychiatric

disorders comprising administering a composition according to claim 1.

22.  The method of claim 21, wherein the effective average particle size of the particles
is selected from the group consisting of less than about 1900 nm, less than about 1800 nm,
less than about 1700 nm, less than about 1600 nm, less than about 1500 nm, less than
about 1000 nm, less than about 1400 nm, less than about 1300 nm, less than about 1200
nm, less than about 1100 nm, less than about 900 nm, less than about 800 nm, less than
about 700 nm, less than about 600 nm, less than about 500 nm, less than about 400 nm,
less than about 300 nm, less than about 250 nm, less than about 200 nm, less than about

100 nm, less than about 75 nm, and less than about 50 nm in diameter.
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allows for water to be inbibed into said particles, thus generating
pressure which forces said zi prasidone out of said particles. 17. The
conposi tiwo 2067/@FEBM 1 wherein said reservoir conpri ses Palras2@a/ 00t i C
agent.18. A nethod of preparing the conposition of claim21 conprising
contacting particles conprising said ziprasidone with at |east one surface
stabilizer for a period of tinme and under conditions sufficient to provide
a nanoparticul ate conposition conprising ziprasidone having an effective
average particle size of |ess than about 2000 nmin diameter. 19. The

met hod of claim 18, wherein the contacting conprises grinding, wet

gri ndi ng, honobgeni zati on, precipitation, tenplate enul sion, or
supercritical fluid particle generation techniques. 20. The nmethod of claim
18, wherein,{ he j V. .particl. i | eul.ate
particles i%ise|%%%%ﬁﬁ?%g%?€ﬁ33%§5§%°@%§%?%?FﬁgCQ%“%gggﬂﬁﬁgﬁq@%%ﬁghlgoo nm
| ess t han atmiainid@pHticiey andes kastlaaswbauenttd@Pormmt of aesige ingredicabouwtaiié®O nm
| ess than about, 1500 n | ess t han, about 1000 n l.ess .t han . about 14 nm
| cos than apgives SgeRR: pd e phah ABhertottnibs 18 8e0Ha B o0 n
| ess t han abiditonddbemsrfurthes®niphiass aabalifiedBBRasenpatings 8 niokHied adleust matx nm

| ess than about. 60 m | ess than ahout 0.n S than gbout, 400 nm

| ess than a’ﬁ‘ﬁ'ﬁflals?fg’c’ﬂhfuqhég@ ﬂl‘?‘f‘&)ﬁlpaﬁg?ﬂ’ f‘gg’d\'lﬁ"é?fmi %i’é’el?'ﬁ%ﬂ S‘gjé??gtde]ﬂﬁﬁs nm

| ess than alpeuttivkQRereditnt i Bintddalnrakdithoddmamerand | ess than about 50 nmin
dianeter. 21. A nmethod of preventing and/or treating schizophrenia or a
simlar psychiatric disorders conprising adm nistering a conposition
accordi ng toy cl afH¥ cbmpdgtionl6¥14MRIR heRfin 6dcBleBMpdnent bR R8s Afisi®nbect i ve
average particle size of the particles is selected fromthe group
consi sti ng eMmtgagparAees-about 1900 nm | ess than about 1800 nm |ess than
about 1700 nm |ess than about 1600 nm | ess than about 1500 nm | ess than

25.  The composition of claim 23 wherein the composition comprises a first component
of ziprasidone-containing particles and one subsequent component of ziprasidone-

containing particles.

26.  The composition of claim 25, wherein the first component comprises an immediate

release component and the second component comprises a modified release component.

27. The composition of claim 23, wherein the active ingredient-containing particles are
erodable.
28.  The composition of claim 23, wherein at least one of said components further

comprises a modified-release coating.

29.  The composition of claim 23, wherein at Jeast one of said components further

comprises a modified-release matrix material.
30.  The composition of claim 29, wherein said modified release matrix material is

selected from the group consisting of hydrophilic polymers, hydrophobic polymers, natural
polymers, synthetic polymers and mixtures thereof
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about 1000 nm | ess than about 1400 nm |ess than about 1300 nm |ess than
about 1200 nm |ess than about 1100 nm |ess than about 900 nm I ess than
about 800wormotes=3t han about 700 nm | ess than about 6@QTMISRONA®SE 9% han
about 500 nm |ess than about 400 nm |ess than about 300 nm | ess than
about 250 nm |ess than about 200 nm |ess than about 100 nm | ess than
about 75 nm and |ess than about 50 nmin dianmeter.23. A pharnaceuti cal
conposition conprising a first conmponent of active ingredientcontaining
particles and at | east one subsequent conponent of active

i ngredi ent-containing particles, wherein at | east one of said conponents
conpri ses ziprasidone and at | east one of said conponents further conprises
a nodified release coating, a nodified release nmatrix nmaterial, or both,
such that t o [ - QW : ' £ j | L vers
the active ?ﬁgrgg?%%?&F%H%Péﬁgﬁﬁigowgﬁgﬁﬁhfiﬁ%%%#&%gﬁﬁ%%?ﬁg%%g%ﬁgnﬂgké
conposi t i onewfrosheitby28sidlner ei n each conponent conpri ses

zi prasi donecont ai ning particles. 25. The conposition of claim23 wherein
the conposition conprises a first conponent of ziprasidone-containing
particl es abl orEheswbpesjtiens ctom3d vdrieinfaid cqm@sitido fredentanprisagarpar ti cl es.
26. The co sition of claim25, wherein the first conponent conprises an

i medi at e pgﬁ@ﬁ?@ conponent and the second conponent conprises a nodified
rel ease conponent. 27. The conposition of claim 23, wherein the active

i ngredi ent-contajning particles are eraodable. 28. The conpositign of claim
23, wher ei ng%t Igﬁs‘ftog’@ﬁ%“?ﬁo sciqua SOSRPBHERS 90%3%9‘[4&1 B fprioukke gt

nodi fi ed-r e}ipagi@osoat i ng. 29. The conposition of claim23, wherein at |east
one of said conponents further conprises a nodified-release nmatrix
material. 30. The conposition of claim29, wherein said nodified rel ease
matri x mategd al A $hasleskied cgﬁlﬁdggit‘idﬁecog'{pﬁhﬁﬁg 6 PiRst bSlipAMInir 2B iQRRAikC

pol ymer s, hydrophobi c pol yners, natura o ) o
containing particles and at least one subsequent component of active ingredient-containing

particles, wherein at least one of said components comprises ziprasidone and at least one of
said components further comprises a modified release coating, a modified release matrix
material, or both, such that the composition, following oral delivery to a subject, delivers

the active ingredient in a continuous manner.

35. The composition of claim 34 wherein each component comprises ziprasidone-
containing particles.
36.  The composition of claim 34 wherein the composition comprises a first component

of ziprasidone-containing particles and one subsequent component of ziprasidone-

containing particles.

37.  The composition of claim 36, wherein the first component comprises an immediate

release component and the second component comprises a modified release component.

38. The composition of claim 34, wherein the active ingredient-containing particles are
erodable.
39.  The composition of claim 34, wherein at least one of said components further

comprises a modified-release coating.
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pol ymers, synthetic polymers and m xtures thereof31. The conposition of
claim 30 wherein the ziprasidone is released to the surroundi ng environnent
by erosi om0 28®/02T47@ conposi ti on of claim 31 wherein sai @CTAsPp@Si0L3c0H
further conprises an enhancer. 33. The conposition of claim 30 conprising
fromabout 0.1ng to about 1 g of ziprasidone. 34. A pharnaceuti cal
conposition conprising a first conponent of active ingredi entcontaining
particles and at | east one subsequent conponent of active

i ngredi ent-containing particles, wherein at | east one of said conponents
conprises ziprasidone and at | east one of said conponents further conprises
a nodified release coating, a nodified release matrix material, or both,
such that the conposition, following oral delivery to a subject, delivers
the active ingredient in a continuous manner. 35. The conposition of claim
34 wherein each conponent conprises ziprasi donecontaining particles. 36.
The conposi 4bon The a:jm;imitﬁﬁ ofblaine3 \Aihla&ircﬂlﬂmsdﬂeido@ Baid deﬁti)dnSQS futtht 1 st
conponent of zi prasi -.cont ai nin articles and one subsequent conponent
ofngiprasidSHQEgﬁ?QPH%QSMHBQFWdW%ggngwﬁﬂThe conposi tion of claim 36,
wherein the first conponent conprises an imredi ate rel ease conponent and
the second conmponent conprises a nodified rel ease conponent. 38. The

conposi ti on?f cilhs FRTRPSItRR&F el 4hevharein spéd madifeditelsise YK aafiabispar ti cl es
are erodabl gelecil frd eheCRPRPSInbib R} Fhy&bphilt §6‘1ym\é(‘§,eﬁﬁkdbh@$icb lersORBu@Af said

conmponents further conprises a n%%ifled-release coating.40. The conposition
of cl ai m 34polimersesmthetic pelymerssnd myfturgathgraddnponent s further conprises a
nodi fied-rel ease matrix nmaterial. 4 1. The conposition of claim40, wherein

said nodified rel ease matrix material is
42.  The composition of claim 41 wherein the ziprasidone is released to the surrounding

environment by erosion.

43.  The composition of claim 42 wherein said composition further comprises an

enhancer.

44.  The composition of claim 41 comprising from about 0.1 mg to about 1 g of

ziprasidone.
45. A dosage form comprising the composition of claim 23.
46. The dosage form of claim 45 comprising a blend of active ingredient-containing

particles contained within a hard gelatin or soft gelatin capsule.

47.  The dosage form of claim 46, wherein the active ingredient-containing particles are

in the form of mini-tablets and the capsule contains a mixture of said mini-tablets.

48. The dosage form of claim 47 in the form of tablet.

49.  The dosage form of claim 48 wherein the ziprasidone-containing particles are

provided in a rapidly dissolving dosage form.

50.  The dosage form of claim 48 wherein the tablet is a fast-melt tablet.
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selected fromthe group consisting of hydrophilic polyners, hydrophobic

pol ynmers, natural polyners, synthetic polynmers and m xtures thereof 42. The
conposi tiwo 2067/eFEBmM 4 1 wherein the ziprasidone is rel eavas2a06/023ses
surroundi ng environnment by erosion. 43. The conposition of claim42 wherein
said conposition further conprises an enhancer. 44. The conposition of
claim4 1 conprising fromabout 0.1 ng to about 1 g of ziprasidone. 45. A
dosage form conprising the conmposition of claim?23. 46. The dosage form of
claim45 conprising a blend of active ingredient-containing particles
contained within a hard gelatin or soft gelatin capsule. 47. The dosage
formof claim46, wherein the active ingredient-containing particles are in
the formof mni-tablets and the capsule contains a m xture of said
mni-tablets. 48. The dosage formof claim47 in the formof tablet. 49.

The dosage form of claim48 wherein the ziprasidone-containing particles
are provi ded- i n/adasags fary cemprisinathaeorarestige of oleim 360. The dosage form of
claim48 wherein the tablet is a fast-nelt tablet.5 1. A dosage form
conprising the conposition of claim34. 52. The dosage form of claimb51
conpri si ng 53. bl dihd dofagatrrined clahgﬁémmmﬁm\blam&rbfragtimgﬁedieemommhﬁwg ned
within a hag I ft The dosage formof claim
52, wher ei ? ge%gcrﬁtlgl\gee)&lvﬁﬁlg aé]a%féeﬁtgg% { & nf eﬁ%tlnpcélpﬂlcl es are in the form of
mni-tablets and t he capsul e contains a mxture of said mni-tablets. 54.
The dosag f claim5b3.i formof tablet. 55. The dosage form of
C1'ai m 54 wAdr ef A0 AgRsBt BrRer it SEotiRErh g S iEp et B ol pRERT e 4
rapidly di sﬁsmle\tbmgoﬂﬁﬁ]agmleiwnmth&@psum@nwmﬁmmé T @ld @lmidpidd wherein the
tablet is a fast-nelt tablet.

54. The dosage form of claim 53 in the form of tablet.

55. The dosage form of claim 54 wherein the ziprasidone-containing particles are

provided in a rapidly dissolving dosage form.
56. The dosage form of claim 54 wherein the tablet is a fast-melt tablet.

57. A method for preventing and/or treating schizophrenia or a similar psychiatric
disorders comprising the step of administering a therapeutically effective amount of the

composition of claim 23.

58. A method for preventing and/or treating schizophrenia or a similar psychiatric
disorders comprising the step of administering a therapeutically effective amount of the

composition of claim 34.

59. The composition of claim 28 wherein the modified-release coating comprises a pH-
dependent polymer coating for releasing a pulse of the active ingredient in said patient
following a time delay of about 6 to about 12 hours after administration of said

composition to said patient.

60. ‘The composition of claim 59, wherein said polymer coating comprises
methacrylate copolymers.
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57. A nethod for preventing and/or treating schizophrenia or a simlar
psychiatric disorders conprising the step of adm nistering a
t her apeutwoabdynzef7Becti ve anount of the conposition of ecaiuse@d025%85 A
met hod for preventing and/or treating schizophrenia or a simlar
psychi atric disorders conprising the step of adm nistering a
therapeutically effective amount of the conposition of claim34. 59. The
conposition of claim28 wherein the nodified-rel ease coating conprises a
pHdependent pol yner coating for releasing a pulse of the active ingredient
in said patient following a tinme delay of about 6 to about 12 hours after
adm ni stration of said conposition to said patient. 60. The conposition of
cl aim59, wherein said polyner coating conprises nethacrylate
copol yners. 61. The conposition of claimb59, wherein the polyner coating
conprises a mxture of nethacryl ate and amoni onet hacryl ate copolyners in a
rati o suffi ei.entThexoapbiigaeofalqnlseewhdreih tie migmareoatingroedipeinds afmiktvoawig a
time delay of at {east about 6 hou[ . 62. The conposi Lontof clain1p 1,
wherei n t heMelpF3airandapmestonieReryial oRRBMCE RacH ocﬁ”é/rtf‘cé?“é CERES ARPEC i s
appr oxi mat ebyhd acdive Gbredldie foIOWRRS tirhOdeldf ofek RasnaBSut sl n t he nodi f
ed-rel ease coating conprises a pHdependent polyner coating for releasing a
pul se of the active ingredient in said patient following a tinme delay of
about 6 to ghoutTHZRYeER0Rb S limd HyRirsih e i oPhethairfla A BRAKohioon to said
patient. 64. The conposition of claim63, wherein said polynmer coating
conpri ses nutehaeylpteopolympwsliyapraxingsly 19he conposition of claim 64, wherein
t he pol yner coating conprises a m xture of nethacrylate and
anmmoni onet hacryl ate copolynmers in a ratio sufficient to achieve a pul se of
the active bhgr ethiceremppatiboof dagmadthercin e ayodiffedelepwoptingromprisesidits .
dependent polymer coating for releasing a pulse of the active ingredient in said patient
following a time delay of about 6 to about 12 hours after administration of said

composition to said patient.

64.  The composition of claim 63, wherein said polymer coating comprises

methacrylate copolymers.

65.  The composition of claim 64, wherein the polymer coating comprises a mixture of
methacrylate and ammoniomethacrylate copolymers in a ratio sufficient to achieve a pulse

of the active ingredient following a time delay of at least about 6 hours.

66.  The composition of claim 65, wherein the ratio of methacrylate to ammonio

methacrylate copolymers is approximately 1:1.

67. A controlled release composition comprising a population of nanoparticulate
particles which comprise: (A) ziprasidone; and (B) a modified release coating or,
alternatively or additionally, a modified release matrix material; such that the composition
following oral delivery to a subject delivers the ziprasidone in a pulsatile or continuous

manncery.
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66. The conposition of claim®65, wherein the ratio of nethacrylate to
ammoni o net hacryl ate copolyners is approximtely 1:1. 67. A controlled

rel ease owopesimrza conpri sing a popul ati on of nanopart iPCulBR@6cp236b5 Cl es
whi ch conprise: (A) ziprasidone; and (B) a nodified rel ease coating or,
alternatively or additionally, a nodified release matrix material; such
that the conposition following oral delivery to a subject delivers the
ziprasidone in a pulsatile or continuous manner.68. The conposition of
claim 67, wherein said conposition does not produce significantly different
absorption | evels when adm ni stered under fed as conpared to fasting
conditions. 69. The conposition of claim67, wherein the pharnacokinetic
profile of said conposition is not significantly affected by the fed or
fasted stat g, of subj ect. | Sti L.q .C | L on onposi tion
of claim 67,88'\/\,he %Cr?n%asr#l?’lnl Ors}% ?aérﬁiiéggw%?&gasil lgggﬁﬁ%%{éﬁqog%g?t@ %ﬁg%bj ect in a
fast ed st at eighificdmitl9 differana bigsniptioo levelsiwhies tdrainistaredfindsafed as ompséd oon to a
subject in fed state. 7 1. The conposition of claim®67, wherein the
popul at i on S 8EY°Nodi fi ed-rel ease particles. 72. The conposition of
claim 67, wherein the population is an erodable formulation. 73. The
conposition of claim®67, wherein sai articles are each_jn_the formof an
osnotic devPee. ]?IZF.Coméslﬁ‘a}ﬁf(‘}gq‘?li%nwg?ral?lﬂéq %a’?‘iﬁ,‘c ?%‘?rﬁﬁle £ S?fgdi fied

rel ease par thfhRfios N bighificadiBAifkiedby B ¢and Baal dtAgof o/ ubjethiRgetnposi tion
of claim71, wherein the nodified rel ease particles conprise a

modi f i ed- r esadeEnppsttionx material. 76. The conposition of claim7 1 wherein
said nodified rel ease particles are conbi ned

70.  The composition of claim 67, wherein administration of said composition to a
subject in a fasted state is bioequivalent to administration of said composition to a subject

in a fed state.

71.  The composition of claim 67, wherein the population comprises modified-release

particles.
72.  The composition of claim 67, wherein the population is an erodable formulation.

73.  The composition of claim 67, wherein said particles are each in the form of an

osmotic device.

74. The composition of claim 71, wherein the modified release particles comprise a

modified-release coating.

75. The composition of claim 71, wherein the modified release particles comprise a

modified-release matrix material.

76. The composition of claim 71 wherein said modified release particles are combined

in a formulation that releases said ziprasidone by erosion to the surrounding environment.
77. The composition of claim 71, further comprising an enhancer.
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in a fornmulation that rel eases said ziprasidone by erosion to the
surroundi ng environnment. 77. The conposition of claim 71, further

conpri si /yoanoenhemcer . 78. The conposition of claim 71, petmarsesod/odses anount
of active ingredient contained thereinis fromabout 0.1 ng to about 1 g.
79. A dosage form conprising the conposition of claim&67. 80. The dosage
formof claim79 conprising a blend of active ingredient-containing
particles contained within a hard gelatin or soft gelatin capsule. 81. The
dosage formof claim80, wherein the active ingredient-containing particles
are in the formof mni-tablets and the capsule contains a m xture of said
mni-tablets. 82. The dosage formof claim8 1 in the formof tablet. 83.
The dosage form of claim82 wherein the ziprasi done-containing particles

1 ai m 82 whbel n TRESPRTGH Sy DERRRE phfllor Bive W AORBGRRI 1.0

preventi on akediofs fioneabawetl nyftoabdit zgphrenia or a simlar psychiatric
di sorder conprising adm nistering a therapeutically effective anount of a
conposition of claim67. 86. The conposition of claim7 1, wherein the

nodi f i ed- r ehgase ApRysidedhb@scoripiRing sie: @mpbkidapehtent67pol ymer coating which is
effective in releasing a pulse release of the active ingredient follow ng a
time delay of six to twelve hours. 87. The conposition of claim86, wherein

the pol yner ggoat irig 46050 ok 88 c1H8t TRGphigie a GRA loy hR¥vs ibBedichieomainipgsi ti on
of claim 86, wherein the paolymer coating conprises a m xture of

met hacr yl at @amiakés apppinebwivie A her\ Pt ocSfee iR FSI- a ratio sufficient to
achieve a pul se release of the active ingredient following a tine delay.
89. The composition of claim88, wherein the ratio of nmethacrylate to
ammoni o et Bacr y[Tae dossepbrywbelsin 80, appiemdhaater ypgredient-gentaitg Pabiglss aiet | on
of claim 67, wier &l O SAl-HoRA hk GleRSp iR oR Rl a nitxduffofls@li il taBlts.

82. The dosage form of claim 81 in the form of tablet.

83. The dosage form of claim 82 wherein the ziprasidone-containing particles are

provided in a rapidly dissolving dosage form.
84. The dosage form of claim 82 wherein the tablet is a fast-melt tablet.

85. A method for the prevention and/or treatment of schizophrenia or a similar
psychiatric disorder comprising administering a therapeutically effective amount ofa

composition of claim 67.

86.  The composition of claim 71, wherein the modified-release particles comprise a
pH-dependent polymer coating which is effective in releasing a pulse release of the active

ingredient following a time delay of six to twelve hours.

87. The composition of claim 86, wherein the polymer coating comprises methacrylate

copolymers.

68



osnotic device. 91. The conposition of claim11, wherein the conposition is
formul ated as a depot dosage form
WO 2007/027273 PCT/US2006/023695

88.  The composition of claim 86, wherein the polymer coating comprises a mixture of
methacrylate and ammonio methacrylate copolymers in a ratio sufficient to achieve a pulse

release of the active ingredient following a time delay.

89.  The composition of claim 88, wherein the ratio of methacrylate to ammonio

methacrylate copolymers is approximately 1:1.

90.  The composition of claim 67, wherein said particles are each in the form of an

osmotic device.

91.  The composition of claim 1, wherein the composition is formulated as a depot

dosage form.
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