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| NVENTI ON The present invention relates to
pharmaceutically active conpounds. The 5 present
invention particularly relates to ziprasidone,

i ncl udi ng nanoparticles of ziprasidone, especially
nanoparticl es conprising one or nore surface
stabilizers, and fornulatlogi conpri si ng
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nic lents are
antlpsychotlc In current practice, ZIpraS|done is approved for administration twice

daily in the form of an immediate release (IR) capsule for acute and long term
treatment of schizophrenia and for mania. Additionally, ziprasidone may be

administered in intramuscular immediate release (IR) injection form for acute

control of agitation in schizophrenic patients.

Atypical antipsychotics such as ziprasidone are associated with lower
incidence of side effects, particularly extrapyramidal symptoms (EPS), excessive or
prolonged sedation, and nonresponsiveness, with greater efficacy in treatment-
refractory patients. These beneficial attributes are thought to be related to the
antagonism of both D, and 5HT.a receptors which is characteristic of atypical
antipsychotics. However, one major problem associated with the long-term

treatment of schizophrenics is noncompliance with medication. Indeed, it is
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or only partially conpliant with their nedication.
Poor conpliance can cause relapse into the psychotic

achi eved through treatnment in the first place. 5 Were
patient nonconpliance is an issue, long acting dosage
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U.S. Patent No. 5, 707, 634 (granted January 13, 1998) describes a
method precipitating a crystalline solid from liquid.

U.S. Patent Application Number 60/585411 (filed July 1, 2004) describes a
high pressure homogenization method to prepare nanoparticles.

WO 00/18374 (filed October 1, 1999) describes a controlled release
nanoparticle composition.

WO 00/09096 (filed August 12, 1999) describes an injectable nanoparticle

formulation of naproxen.



Accordingly, a need still exists for new drug

therapies for the treatnent of subjects suffering
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|l ong acting form of an atypical antipsychotic

providing a suitable therapy that mnim zes side

effects while enhancing pati®ent conpliance through a

reduced dosing regi men. However, 5 ziprasidone is

poorly sol uble. Wile depot antipsychotics may reduce

the risk of relapse, and therefore have the potentia
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their numerous forms, as they may be best sunted to the requirements of a

30 particular use. The invention, therefore, is not limited to the embodiments

described in this specification, and may be variously modified.

A. Abbreviations and Definitions
Table A-1: Abbreviations
APl Active pharmaceutical ingredient
AUC Area under the curve
Crax Maximum serum‘concentration of compound
CPB Cloud point booster




CPB d oud poi nt booster WO 2006/ 109183
PCT/ 1 B2006/ 001094 -5 DLS Dynamic |ight scattering
wORdocApIgsl une aver age di aneter EPS Extrapyr aRCuaB2006/001094
synptons F Bioavailability FB Free base Form
Formulation Gy Gray - a neasure of irradiation dose H
Hours HCl Hydrochloride salt>-IM- Intranuscular IR
| Mmedi ate rel ease Mes Mesylate salt M Mlliliter
MAN Mol ecul ar wei ght Ng Nanograns Nm Nanoneter NWP
N-net hyl -pyrrolidone PEG Polyethylene glycol PK

Hhar macokiDast i cs  PVA Pol yvi nyPvirpistight scaitgpng
Rotyvinyt B !]U| rdone [PVYPCI5 FoRREGIST bAdiarBdt@de of PV
RVP K30 A particular [grade of PVP RPM Revol uti-ens—per
dfinute RESSReduced particle SIORYSKAAYERIY Y e area
tjo volunme mratiro SBECD Sul fobutyl erne\ral@tﬂrt;cycl odextrin
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H Hours
HCI Hydrochloride salt
M : Intramuscular
IR - Immediate release
Mes Mesylate salt
Ml Milliliter
MW ' Molecular weight
Ng Nanograms
Nm Nanometer
NMP N-methyl-pyrrolidone
PEG Polyethylene glycol
PK n Pharmacokinetics
PVA : Polyvinylalcohol
PVP Polyvinylpyrrolidone
PVP C15 . A particular grade of PVP
PVP K30 A particular grade of PVP
RPM , Revolutions per minute
RPS Reduced particle size
SAV Surface area to volume ratio
SBECD Sulfobutylether-B-cyclodextrin
SLS Sodium lauryl sulfate
tia Terminal elimination phase half-life
Tmax Time to maximum serum concentration of
compound
viv Volume by volume
VDss Volume of distribution at steady state
wiv Weight by volume
Z— Com. Ziprasidone compound
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according to the present invention can be‘readily determined by one of ordinary
skill in the art, for example according to Test |, depicted in Table A-3:
Table A-3: Method to Test Crystallization Inhibitors for Efficacy
Step 1 A suitable amount of the drug is dissolved in a solvent (e.g.,

ethanol, dimethyl sulfoxide or, where the drug is an acid or base,

water) to obtain a concentrated drug solution.

Step 2 A volume of water or buffered solution with a fixed pH is

placed in a first vessel and maintained at room temperature.




wexeansplgisaccor ding to Test

10

15

according t
det er m ned

Tabl e 'A-3:
for
di ssol ved i

sul f oxi de or,
water) to obtain a concentrated drug sol ution.

A vol ume of

Effi cacy Step |

0 the present invention can be readily
by one of ordinary skill in the art,
I,
Met hod to Test Crystallization Inhibitors
A suitable anmpbunt of the drug is
n a solvent (e.g. '0-ethanol, dinethyl
where the drug is an acid or base,

Step 2
water or buffered solution with a fixed

for

s pl &ted
enpegat ur g
tep An al
dded to th
first sa
oncentr at
e one whi
onsequent

= coM@ﬁt@QfQ@ #4831 (BeBbinBARA Gérﬂﬂé 8&dktion -hé@ng a

pl esteold b boswiichvpradyicas S@@@nﬂeébreﬁlali@g@! adl ug

~
-

in a fAnrlquote decdoneantiatas Ave SPIERY inadded dyihe

solu

nltra{ons E{:a d

i, il

Be concen rat
ot dre SRR

O%n Gerfly H@h&% SREH: B RACS @b calskeky shaia d

i |
i sl B A

ur b di gty
recipitat

t
S
3
a
C
o
C
t
P
a second ve
or a buffe
clonpositio
a
S
[iquét of
in step Al
econd vesse
i nal drug|c
anpl e sol

urbidity (

e

N, aR lalmamd sum&,.m fbieh & Uas%ua%d/v/wmot?mepscﬁ)lom n

ol uti oﬁ?p Step To f

Z—t Ui

t han a A &sfpolyaieed sslettad araf) infeasecog! Vesseh UiEh

S'po EyIm%F %%ISAOI%E%%IR Y\/th %%’uﬁ%{‘éd §&+t@gg\ﬂg adidch pH N

In mater
eldtestisalip |C@mP%‘t'P'h Pﬁ* gnd ¥elgmp k9 thetiugedhinisteRIC) i

ot 17 "éa S8R
t heondsnigaterodsng sciiition pr@pargd @@quA 8 ﬁd‘ﬁﬁdéﬁ éheed

S &%ﬁgscﬁlﬂloﬁ R&he %&bNJ%‘sseﬁ@ fort &Banhple Edllﬁlon
C AU A R SERERIPIR L RS et STHEL T Papre

utlon Step At 60 rdofutieres af ter preparation

P T R AR

est po??ﬁt
ol ymer " af
or the tes
eadily fin

al
i
s
f
S
0
(I
usi ng o ght harAafRyt absprdeRted Ryt tHDIHIY) 95 8Rch sPMRIE SPUY 1§ he
t
t
t
p
f
r
t

pf dt hemé@@faadlsnagrgwt Ra&rQ aWavelléngtB of @it han
1 f \1
SCOH, Diiest tHen thge

bF i S dﬁ%%;é) (?t% Of tg econ#’ rﬁ‘gﬁedéo%ﬁtlb decr easi
1d turkidity 9the Firshsamplecgolpgera e t@sépplwner i$ AeAmMsidtier

thedf “Ubhidifh-deBe B g e einl @rukitas ks ystdilization|

id a suitable pol

IHIBTPr SE B Pange provi ded

est within the pol yner ¢

above, by
preferrgd,
i s sel ect &

routine experinentation. In a particularly

gm%’cﬁ’ﬂ] ggl%rmm%h Fedt _IJn GAn fre{a@w GRd O:I dufigid QJOM/HS%F

per forned,

appraceiEtiehon e des avitaip RO 69??6%%'{‘ éafksSPmVldsﬂ aP%Ve

Noby OfoBiHeErexpdimitnbeit 90% particularly preferred embodiment,

‘concentration

a

of the polymer is selected such that when Test | is performed, the

apparent absorbance of the second sample solution is not greater than about 50%
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Most

surface stabilizers are described in detail in the Handbook of

Pharmaceutical Excipients, published jointly by the American Pharmaceutical

Association a
Press, 2000.

nd The Pharmaceutical Society of Great Britain, the Pharmaceutical

The surface stabilizers are commercially available and/or can be

prepared by techniques known in the art. Presentations of exemplary surfactants

are given in McCutcheon, Detergents and Emulsifiers, Allied Publishing Co., New

Jersey, 2004

and Van Os, Haak and Rupert, Physico-chemical Properties of

Selected Anionic, Cationic and Nonionic Surfactants, Elsevier, Amsterdam, 1993.

depi cted i n Tabl eChB2006/001094
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psychoses, behavioral disturbances associated with neurodegenerative disorders,

35 e.g. in dementia, behavioral disturbances in mental retardation and autism,
Tourette's syndrome, bipolar disorder (for example bipolar mania, bipolar

depression, or effecting mood stabilization in bipolar disorder), depression and
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st ggé eldé‘ﬁBn éa{} aﬁg\ﬂ%ﬁgyﬂémgl{sect ive to maintain the
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Su1table acid addition saits are formed from acids which 'form non-toxic

salts. Examples include the acetate, adipate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, cyclamate,
edisylate, esylate, formate, fumarate, gluceptate, gluconate, giucuronate,
35  hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate,

methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,
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the nanoparticles. Pharmaceutically acceptable salts
are conprised of acid additioef-salts and 30 base
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may precxpltate out and be collected by filtration or may be recovered by
evaporation of the solvent. The degree of ionization in the resulting salt may vary
from completely ionized to almost non-ionized.
In still another embodiment, the compound is ziprasidone free base.
35 In still another embodiment, the compound is ziprasidone mesylate. In
another embodiment, the compound is ziprasidone mesylate trihydrate.

In still another embodiment, the compound is ziprasidone HCI.
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30 (References to ziprasidone, herein, unless otherwise indicated, refer to ziprasidone

free base or a pharmaceutically acceptable ziprasidone salt.):
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compound is crystalline ziprasidone HC and the

average particle size is about 120 nm 25 In stil
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20 40%nb.yatMEI ght of the total volunme of the

In another embodrment of Formulation 1-F, the amount by weight of the

compound is about 21% by weight of the total volume of the formulation. In another
embodiment of Formulation I-H, the amount by weight of the compound is about

23% by weight of the total volume of the formulation. In another embodiment of

25 ' Formulation 1-M, the amount by weight of the compound is about 28% by weight of
the total volume of the formulation. In another embodiment of Formulation 1-F, the
amount by weight of the compound is about 42% by weight of the total volume of

b | rS —-

the formulation.
In another embodiment of a formulation of this invention, a first surface

30 stabilizer is a surfactant. In another embodiment, a first surface stabilizer is
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anot her enbodi nent of Formnulation I-H, the anount by
wei ght of the conpound is about 23% by wei ght of the
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surfact A drSther embodiment of of a formulation of the present invention, a first
surface stabilizer is an anionic surfactant and a second surface stabilizer is an
anionic surfactant. In yet another embodiment, a first surface stabilizer is an
anionic surfactant and a second surface stabilizer is a cationic surfactant. In yet
ancther embodiment, a first surface stabilizer is an anionic surfactant and a second
surface stabilizer is an amphoteric surfactant. In yet another embodiment, a first

surface stabilizer is an anionic surfactant and a second surface stabilizer is a non-
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In another embodiment of Formulation 2 are the following sub-

Formulations:

Table B-3
parameter Formulation 2-F Formulation 2-H Formulation 2-M
Compound Ziprasidone free Ziprasidone HCI Ziprasidone
base mesylate
Carrier Water Water Water
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_ Fornmul ation 2 Fornul ation 3
first surface Yes Yes Yes stabilizer

Tabl e B-2 paraneter
Fornul ation 4

No Yes No stabilizer bul king agent No No Yes
Crystalline Yes Yes yes Conpound? 20 In anot her
embodi nent of Fornul ation 2 &le the foll owi ng sub-
Forrmul ati ons: Table B-3 paraneter Fornul ation 2-F
Forrmul ati on 2-H Formul ati on 2-M Conpound Zi pr asi done
free Z prasidone HCl Ziprasidone base nesylate
Carrier Water Water Water WO 2006/ 109183
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Formulations:
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‘ Table B-5 '
parameter Formulation 4-F Formulation 4-H Formulation 4-M
Compound Ziprasidone free Ziprasidone HCI Ziprasidone
base mesylate
Carrier Water Water Water

Additional formulations of interest are presented in the following table:

Table B-6
Compound (w/v) First Surface Second Third
Stabilizer (w/v) Surface Surface
Stabilizer Stabilizer
(W/v) " (Whv)
Formulation 21% ziprasidone 1% Pluronic® 1% Tween® None
A free base F108 80
Formulation 21% ziprasidone 1% Pluronic® None None
B free base F108
Formulation 21% ziprasidone 1% PVP None None
c free base
Formulation | 21% ziprasidone 2.5% None None
D free base Pluronic®
F108
Formulation | 23% ziprasidone | 1% PVP (K30) | 1% Pluronic® None
E HCI F108
Formulation 28% ziprasidone | 2% PVP (K30) 0.5% None
F mesylate Pluronic®
F108




Table B-6 Conpound (W v) First Surface Second Third
Stabilizer (wv) Surface Surface Stabilizer
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1% Pluronic(r) 1 % Tween(r) None A free base F108 80
Formul ation 21 % zi prasi done 1% Pl uronic(r) None None
B free base F108 Formul ati on221 % zi prasi done 1% PVP
None None C free base Fornulation 21 % zi prasi done
2.5% None None D free base Pluronic(r) F108
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as controlling the milling time and the amount of surface stabilizer added. Crystal
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growth and particle aggregation can also be minimized by milling or precipitating
the composition under colder temperatures, and by storing the final composition at
colder temperatures.

1. Agqueous Milling

In one embodiment of the invention, there is provided a method of
preparing the injectable depot formulation of the invention. Milling of compound in
aqueous solution to obtain a nanoparticulate dispersion comprises dispersing
compound in water, followed by applying mechanical means in the presence of
grinding media to reduce the particle size of the compound to the desired effective
average particle size, the optimal sizes as provided in other embodiments herein.
The compound can be effectively reduced in size optionally in the presence of one
or more surface stabilizers. Alternatively, the compound can optionally be
contacted with a surface stabilizer or surface stabilizers after attrition. Preferably,
the compound is milled in the presence of at least one surface stabilizer, more
preferable in the presence of at least two stabilizers; or the compound is contacted
with at least one, more preferably at least two surface stabilizers, subsequent to
attrition. Other compounds, such as a bulking agent, can be added to the
compound/surface stabilizer mixture during the size reduction process. Dispersions
can be manufactured continuously or in a batch mode. The resuitant

nanoparticulate drug dispersion can be utilized in solid or liquid dosage
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essentially spherical particles conprising glass,
nmetal oxide, or ceramc. In general, suitable

substantially free of nmetals, solvent, and nononers,
and of sufficient hardness and friability to enable

themto avoid being chi pped & crushed duri ng
grinding. Suitable 20 polyneric resins include,
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pol ystyrene crosslinked with divinyl benzene;
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e.g. in dementia, behavnoral disturbances in mental retardation and autism,
35 Tourette's syndrome, bipolar disorder (for example bipolar mania, bipolar

depression, or effecting mood stabilization in bipolar disorder), depression and

20

anxiety.
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suspensi on manufacturing process flowhart is as
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associated with neurodegenerative disorders, e.g. in dementia, behavioral

disturbances in mental retardation and autism, Tourette's syndrome, bipolar
disorder (for example bipolar mania, bipolar depression, or effecting mood

stabilization in bipolar disorder), depression and anxiety.
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formulation is also a factor. An exanple of an
ef fective dose for injection of a 15 fornul ati on of

2.5 mM injected once every 1, 2, 3 or 4 weeks.
Preferably, the dose for inj ectlon is about 2 m or

| ess, for exanple from about-4-m to about 2 m .

Pr ef er abl y, the injection volune is 2 nml, injected
once every 1, 2, 3 or 4 weeks. 7. Use in the
Preparati on of a Medi canent 20 In one enbodi nent, the
presenD. i nv&rkinmExampiesi ses net hods for the
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0O mnutes at 2100 RPM i omll-1 (Manufacturer
El an Drug Delivery, Inc. ﬁ%@a—g" he tenperature during

mlling was mai nt Riepagtigh otlformplation&syl t i ng
30 SUSPENShQP MBS shbdsiANRA pribdRk by PkiBT6lsa ghesRipfasidone free

base in a 100 ml milling chamber with 48.90 gm of miling media (500 micron

o)

polystyrene beads).
To this, 4.2 ml of 10% solution of Pluronic® F108 was added. In addition,

32 ml of water for injection was added to the milling chamber. The above mixture
was milled under identical conditions as in example 1.
When the milling was stopped at 30 minutes, the above suspension turned

into a paste and thus a uniform non-aggregated free flowing nanosuspension was
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Exanpl e 4 Example 5
Preparation of Formulation E

A coarse suspension was prepared by placing 9.69 gm of zZiprasidone
hydrochloride in a 100 ml milling chamber with 48.96 gm of milling media (500
micron polystyrene beads). ,

To this, 4.2 m! each of the 10% PVP and 10% of Pluronic® F108 solutions
were added. In addition, 25.4 mi of water for injection was added to the milling
chamber. The above mixture was milled under identical conditions for 3 hours as in
example 1.

When the milling was stopped at 3 hours, the above suspension after

filtration was free flowing and did not show any large crystals under the microscope

a drop of diluted sSuBpEmB10061001094
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during milling was maintained at 4°C. The resulting suspension was filtered under

vacuum to remove the miling media and the suspension characterized by
microscopy and light scattering as described in example 1.

Example 8
Preparation of Formulation H

A coarse suspension was prepared by placing 8.87 gm of ziprasidone free
base in the 100 ml milling .chamber with 48.9 gm of milling media (500 micron
polystyrene beads).

To this, 4.2 ml of 10% Tween® 80 solution and 8.4 ml of 10% Pluronic®
F108 solution were added. In addition, 23.6 ml of water for injection was added to
the milling chamber. The above mixture was stirred until uniform suspension was

obtained. This suspension was then milled for 30 minutes at 2100 RPM in a
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i N NGRabiliRFoflaf Eotbiplaf) EorhiufkieA CompHsihg 23% ziprasidone HCI

nanoparticles

The particle size of Formulation E packaged in a vial stored at 5°C was

monitored. For particle size determination by light scattering a drop of suspension

was added to a sample cuvette filed with water and particle size measured. The

reported values are effective diameter in nm. The results are listed in the following

table.



Table D-1: Effective Particle Diameter of Formulation
A Stored at 5C. Tine (days) Effective dianmeter (nm O
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nanoparticles The particle Si'ze of Fornmulation E
packaged in a vial stored at 5C was nonitored. For
particle size determnation by |ight scattering a drop
of suspension 20 was added to a sanple cuvette filled
Wit h ViableP-21Efeqise ParisieDigmeter piebpaniialign Efired phbr t ed
val ues rare effipliaye) di aneter Effeciwa diameter @ayl t$ are
listedlin the followng table—WO 2“1076/ 169183
PCT/ | B2006/ 001094 -31 Tablle D 2: Ef?/ect ive Parfiicle
Di amet er of Formal ation E Stored at 50 Tinme (days)
Ef f ect ive—ti-ameter (0117412054 126 52142
85 136| 123 142 FExanple 11| Stability of an Exenaplary
Fornul ati on Conpb? si ng 28% i pr asi dont? mesyl ate| 5
nanopanticies ~Thg particle size of kegnulation|F
packaged in a vigl stored-at-5C-was—pgpni-tored—FHor
particlie size det?@r i nat i on by light Scatteringla drop
of suspension was added to a sanple cuvette filled

with water and particleglageigasured. The reported
er

val ues are effective di in nm_The results
| iwlwm_r_mglation Comprising 28% z?pras(? one mes%'l’a?e

nanoparticies
The particle size of Formulation F packaged in a vial stored at 5°C was
monitored. For particle size determination by light scattering a drop of suspension

was added to a sample cuvette filled with water and particle size measured. The

reported values are effective diameter in nm. The results are listed in the following

table.
Table D-3: Effective Particle Diameter of Formulation F Stored at 5°C.
Time (days) Effective diameter (nm)

0 406

5 444

50 415

60 407

92 518
130 485
339 525
700 609

Example 12 '

Sterilization and Storage Stability of Formulation G

The filtered suspension of Example 7 was filled (3 ml) into flint vials. The
vials were sealed with a rubber stopper and an aluminum seal was crimped on the
stopper. The filled vials were sterilized for 15 min at 121°C in a steam sterilizer.
The suspension after sterilization was characterized and particle size measured by
light scattering. The filled vials were stored at 5°C and sampled at various times to

determine particle size and stability of the suspension.
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Example 13
Sterilization and Storage Stability of Formulation H

The filtered suspension of Example 8 was filled (3 ml) into flint vials. The
vials were sealed with a rubber stopper and an aluminum seal was crimped on the
stopper. The filled vials were sterilized for 15 min at 121°C in a steam sterilizer.
The suspension after sterilization was characterized and particle size measured by
light scattering. The filled vials were stored at 5°C and sémpled at various times to
determine particle size and stability of the suspension. The following table shows
particle size stability of Formulation H during autoclaving and upon storage of the
sterilized formulation.

Table D-5: Effective Particle Diameter of Formulation H after
Autoclaving and upon Storage at 5°C.

Time Effective diameter (nm)
Before Sterilization 234 nm
After Sterilization 311 nm
Storage Time (days) post-sterilization Effective diameter (nm)
0 319
3 . 331
6 325
15 313
35 319
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20 Table D-7;: Mean Particle Size of 42% Formulation | After Milling and

Following Autoclaving.

Mean particle size, D[4,3] (nm)
After milling 262 nm
After Sterilization 384 nm
Example 16

Sterilization and Storage Stability of an Exemplary Formulation J Comprising

25 40% Ziprasidone Free Base

Formulation J was prepared as described in example 15. The filtered
suspension was filled (3 ml) into flint vials. The vials were sealed with a rubber
stopper and an aluminum seal was crimped on the stopper. The filled vials were
sterilized for 15 min at 121°C in a steam sterilizer. The suspension after

30 sterilization was characterized and particle size measured by light diffraction. The
filled vials were stored at 5, 25, and 40°C and sampled at various times fo
determine particle size and stability of the suspension. The following table shows
particle size stability of Formulation J during autoclaving and upon storage of the

sterilized formulation.
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Example 17
Preparation of 21% Ziprasidone Free Base Formulation by High Pressure

Homogenization and Storage Stability of the Formulation

A coarse suspension was prepared by placing pre-ground 17.71 gm
ziprasidone freebase in 250 mL bottle with 8.4 mL of each, 10%w/v Pluronic F108
and 10%w/v Tween 80 and 55.6 mL of water. The suspension was placed in a
cooling bath set to 5°C. The high pressure homogenizer (Manufacturer Avestin,
Inc.) was cleaned and primed with water at full open setting. The suspension was
pumped for three minutes under the full open condition of the homogenizer during
which time it flowed smoothly. The pressure drop across the gap was then slowly
increased to 10,000 psi, and held for 5 minutes. The pressure drop across the gap
was then increased to15,000 psi, and was held here for 22 minutes. A sample of
the homogenized suspension was taken at this point from the recirculation vessel,
and homogenization was continued. The homogenization was stopped at 68
minutes at which time the formulation was pumped out of the homogenizer. The

particle size of the final product samples was measured by laser diffraction
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Honogeni zati on and Storage Stability of the

Formul ati on A coarse suspensi on was prepared by
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Example 18

Preparation of a Dry Lyophilized 21% Ziprasidone Free Base Formulation

Lyophilization Process

The 21%w/v Ziprasidone freebase nanosuspension was prepared by
methods described in examples 7 and 8. Batch of 27%w/v Trehalose, 1%w/v
F108, 1%w/v Tween 80, and 0.5%w/v Lecithin in water was used as diluent to
prepare the samples for lyophilization. The formulation and diluent were combined
in a ratio of 3 volumes of diluent to 1 volume of 21% formulation and were gently

mixed. This resultant suspension was filled using a 0.5 mL fill volume into 5 mL
and 10 mL glass vials and stoppered at the lyophilization position. These vials
were then placed into the FTS LyoStar freeze-drying unit, and the following thermal

program was run:
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StORREH LeARA it DReMirRliSmilREiGh vehicle). These vials were swirled, upon
which the cake wetted and reconstituted into a milky white suspension easily.

In order to determine if this lyophile could also be reconstituted to a higher
concentration, the ‘cake was reconstituted with 0.125 mL of water to result in 21%
concentration equivalent to the initial drug level. The cake wetted and
reconstituted into suspension easily as well. The reconstituted suspensions were
then analyzed for particle size by Laser Diffraction. The particle size results are
listed in the following Table D-10. A refrigerated, non-lyophili'zed suspension

served as the control.
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determ ne the effect of particle size on PK
performance of the drug in-vivo. Ziprasidone free

di ameter of |less than 1000 nm showed significantly

hi gher exposure (Average depot | evel s and 10 Area
under the curve) than a fornmffati ons with particle
size greater than 5 pm (higher AUC and average depot
| evel s). See Table D11, presented in Wrking

Exanpl es 1-16. Table D-1 1Phar macoki netics of

Zi prasi done in Dog Fol | B¥amgle 18 Adni ni stration of 15
var i @H§rn%9ﬁhef@$tﬁu L) ag Uachilleal and Mieroeizegans d

[/ m meaﬁ ;U;cwe L. meter : my) Levels nm
n I'm 429038440 s%%é%é RARBEIANBIriok paask daRe of

097 Free Base wt uronic F10
aftrragidges flegbgseniand @1%";66‘ Eﬁ%ﬁ%@s%’ﬁ%%{‘é‘°ilf6\£@&%£§gé°
Zidpteasing ane effect fof eartiBasszenpt P2 pefdiRancgnef e 1dmg &)-gvo.

S e tbad % BETHE 3R, ARRII0ARY: feflh BRI oot foss
Eftfanc 1000 enDstavess sigaificantly dHkigE egRoset GYergge %?Pﬁfég?'aoaﬁdn

. hiéd ukRp@te durvdylthann® soimelatont iviie bBickkdizedgraatet then (Smef)
L?r\{igeillesr" AUC and average depot levels). See Table D-11, presented in Working

Examples 1-16.

Table D-11. Pharmacokinetics of Ziprasidone in Dog Following IM Administration of

Various Depot Formulations. Reported values are mean#sd of n=4 dogs.

Formulation Effective Dose of AUC g.in¢ Average Crnax
diameter or | Ziprasidon | (ng.h/ml) Depot (D_g/Lﬂ_l)
mean e active (Ci3wk)
diameter (mg) Levels
(nm) (ng/ml)
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Ziprasidone 097
Free Base
with 2%
Pluronic
F108, 2%
Tween 80
and 0.5%
Lecithin
21% 260 420 583004649 110+23 146+35
Ziprasidone 0.
Free Base
with 2% PVP
and 0.1%
SLS
21%_ 231 420 62600+940 100£15 180485
Ziprasidone Q
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el e@8%d frlom3AL g oud28ondid8R00IOL 1 ¥552hsi HokE % de
Dasfcréized phar maceutli cally |5 adrept abl e salt|thereof|,

h 1G9 %ynd in the|form of [nanoparticles having an
lvgpgﬁggﬁarticle size of |egs than about 2000{nm b) |a

Mastaleesalt.i|cal | y acgeptabl e |carrier; |and c) at |east
Wg1&utfeage stabili Zers;
80 aqueous.
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All mentioned documents are incorporated by reference as if here written.

When introducing elements of the present invention or the exemplary
embodiment(s) thereof, the articles “a,” “an,” “the” and “said” are intended to mean

5  that there are one or more of the elements. The terms “comprising,” “inciuding”
and “having” are intended to be inclusive and mean that there may be additional
elements other than the listed elements. Although this invention has been
described with respect to specific embodiments, the details of these embodiments

are not to be construed as limitations.
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is effective to maintain the average particle size of
t he nanoparticles. 2. The forpul ati on according to
claim1, wherein at |east twsPof the surface
stabilizers are adsorbed on the surface of the
nanoparticles. 3. An injectable depot pharnaceuti cal
formul ation conprising a 15 rmaceutically

ef fective anount of a conp& el ected from

zi pr asijdone phhigestabiagpotnermaceglieal fenmelatidncahipgising:
acceptabl oS8! 1 " hiecoltitfl CORBRUN b LB of Safdtha
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t Iselrctehtsern ﬂmwnﬁona'ﬁwga)f Zipiesl ?ﬁ:—?céﬁﬁ"ttiaé%\ﬂ $ PE\%E’@E)‘%%? e
CREddpRble kit BrebMittRC tajotndl@piie fpindofrasedptiticlas having an

fornul ati on acc .20 3, conprising at
I@%i%rf‘geo‘??ét'&ﬁ’ ggsiﬁg%a?ou%@b " The fornulation as in
any one of thhe premhema@gut@ﬁlbuaﬁ%eptaMc&P@'ieﬁaf“he conpound
is crystall ide. @,“egg{g,v({gfr@bgaéan@grsgs in any one of,

clainms 1-5, where anoparticle e
part i clvéeina lesst qnéggthteﬁ 035%6@281%565'50%% 2@%{} &}ﬁﬁ{ea&
f aigTdnapardciesaand whemie tiof cartkiiedsambud, of wirresusiepe slalilizers is
a%@&g{/e R)ymanWth g%tavglfagé P& GOSRA i daﬁo@?hde@ ast about

y wel ght total  val une Prp.{latH%n.
8. The % or miingt'PEWEEN pGEOiNE t%F'aErf i ‘ﬁ%erin 7 eqhera’h
t Rerfadentanlizdry arew@b@bdd afthd hefamfmnnmowastldasom about
20% by e ght % e %Utdeﬁo(i)%l%}’mé(&hﬂ:m f&ﬁwulat?& tcBr%pr‘iémgab

vol une of t he for mul atl 3 g
arppavresewically| eéfﬁﬁyi an@un’faﬂﬁ& @W@OUF\%&P@TGH @HbZ'PfB?‘ e
SWab@ER & bRdtinkéBEBy becepablestietiedeni thetdompournlLip the form of

g&%éﬁ%ﬁg g%(/leéitra A ?rl(a:glgels éaq@éleog %)Plgésb hgrﬁ %ﬁoeut ?gb(ﬁ\m @nd a

s iphbaccavticslly aqeﬁpiabiecmrr@f surfactants and pol ymeric

surfactants; Arﬁ?ﬂféct\éﬂ@ rd@;bd’ﬂ RaRbERtica forthlietiotactadiag Bbclaim
stabilizers js se m t he group consi sting of

art- GATRSEg A 'Iﬁﬁ*itgﬂ? §“J38%?t?%'l% surfactants, anphoteric

sur f act@nt s, Thedomiu@tiprcasio aﬁsa@t%ﬁt@ pieradipg Figimsy eerein the

SLH‘O Sﬁrﬁﬂ% é?/stMeZOO(S/ 109183 PCT/ | B2006/ 001094 -46 10.
ornul ation as in any one of cl

vvher ei nB- oneTheoforiyiatian, f 48 Wt 895 19 zgﬁ'g's gg W% e%m i

S Uiidhagdriods hatelarsaiechgt iparsitle sive Hfdests dven abgutd 80D ed f rom

the group Coﬁ%o@ﬁhlﬂglgmas FM)L)B@/ binMélﬁW r1[63|v¢h@%r‘neth@%ount by

Pl uronic(r) anot
st weightiof be somgound depidenst %99#‘? %ﬁ:/t awe'afﬁc?? ﬁ}?l @%"é’&“‘&%‘)f the
Suiofnaddtent 1s 5 selected fromthe group consisting of

sodi um  aur Yy S k6n BILEKYPLANLODE iRy thg%mumaw

nono- ol €at e, uron c | uroni c%
weight of the compound is from about 20% by weight to about 60% b y welght of

the total volume of the formulation.

9. The formulation as in any one of claims1, 2, and 5-8, wherein one
of the surface stabilizers is selected from the group consisting of crystallization
inhibitors, anionic surfactants, cationic surfactants, amphoteric surfactants, non-
jonic surfactants and polymeric surfactants; and wherein another of the surface
stabilizers is selected from the group consisting of anionic surfactants, cationic
surfactants, amphoteric surfactants, non-ionic surfactants and polymeric

surfactants.
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11. The fornul ation as in one of clainsl, 2, and 5-10,
conprising a third surface stabilizer, wherein the

selected fromthe group consisting of lecithin and
benzal koni um chl oride. 10 12. An injectabl e depot
pharmaceutical fornulation c#fprising: a) a
pharmaceutically effective anmount of a compound

sel ected fromthe group consisting of ziprasidone free
base, ziprasidone nesylate and zi raS| dong

hydr ocHPor i d&e forReation #pELany oneo% 8, whereln: one

tn%gﬁﬁas{l)ﬁféc%él é}godllgaﬁél e fg@rsu@ao&rnag@d paidf fitst blﬂfasial’as ckletteg s
abou 0.n . - i
L DB e St SaeBi e iy HEliBle altdrtonibd Fod Hhd Afher
nahteasuiact ebilizeralisdd secose corptapt eRd Eaid sesMd sufaptant is
‘2‘%%%?&% gga/rh Qhélgx%u@tzor#%)éurvy%f%&umflaarh %uﬁéganmwﬂyﬁtrﬂleﬁé n)
0 t of th

t @P@rtaWP%ﬁe%? ”ﬁ‘é““%g; Wéllagqapl rr?nm@l%g/% e?/nMIteIﬁg arrgun: gy
wei ght 10f a Thirfetmuktiorf acis aeatbiclaimsdy 2i andf $-6%n WHBIEINY a

trﬁréo \I.Lﬁlfa@%’ gfél)lh%r Oui%erly tl’{@{hgﬁ‘tsu@écet Qisbilzet @' a VHrd UdiEra@éint

er ei g ht, of a
sé@'@ﬁtﬁd &orp ff}%’éwé‘tcﬁﬁff‘?’“f‘% gl 'eﬁ'tgmﬁggﬂ*?rﬁa‘ %iv 4198, 1
about 220 %anwamﬁepofprbhmceuttcallfowlatlmmfp”ﬁlh@

fornul ati on, and ?pﬁan‘ﬂ%% lbﬁlyagﬁ&éme %fnohr'ﬁeof I %bmpound

surface st ab| [ zer e afmount of the secé)
selegiee framan grpawonawgt%gefa%@Pneefﬁee‘tﬁSFv%”f‘% PEIMELRIS
t ha%d RPdsRIGRe ﬁWr&dh(bh@e Shez@npburichie thentarmo péndriopérécles Heding

Nanoparti cl b
ARt oy Tir e 830 AL A one. sai ¢, whi oh

nanoparticl €9 haweeteth average particle size of 30
about 2000 rgn or 4 @b surfede stiBinedpaidborbédesn ecanrticagf the
claim 13 conprising at |east one surface stabilizer
ad@BPREf S hei r surfaces. 15. Nanoparticl es

accordi ng tod)cl ai arsebdndcnfped sidbiigerat | east two  surface

st abi | i gier s, agsahhsd bQerfng?bif the Wol@6@e. is from about 20% by

weight to about 60% by weight of the total volume of the formulation;

wherein the amount by weight of a first surface stabilizer is from about
0.5% to about 2.0 % by weight of the total volume of the formulation;

wherein the amount by weight of a second surface stabilizer is from about
0.1% to about 2.0 % by weight of the total volume of the formulation; and

wherein amount of the first surface stabilizer and the amount of the second
surface stabilizer are together effective to maintain the average particle size of the
nanoparticles.

13. Nanoparticles of ziprasidone free base or a pharmaceutically
acceptable ziprasidone salt, which nanoparticles have an average particle size of

about 2000 nm or less.
14. Nanoparticles according to claim 13 comprising at least one

surface stabilizer adsorbed on their surfaces.
15. Nanoparticles according to claim 14 comprising at least two

surface stabilizers adsorbed on their surfaces.
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