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REF EXPEDIENTE 06-042-082

TITULO SOLICITADO “METODO PARA PREPARAR PARTICULAS
SUBMICRONICAS DE PACLITAXEL”

PUBLICACION GACETA 573 de 28 Febrero 2007, NUMERO DE
PUBLICACION 1120

SOLICITANTE BAXTER INTERNATIONAL INC
PRIORIDAD US 10/703 395 de 07/11/2003
APODERADO EMILIO FERRERO

TRAMITE SUSTENTACION DE OPOSICION

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional numero 44655
del Consejo Supernor de la Judicatura, obrando en calidad de apoderado de la
sociedad TECNOQUIMICAS S A, dentro del tramite de la referencia en ejercicio
de lo dispuesto por e! articulo 42 inciso 2° de la Decision 486 de 2000, por medio
del presente escrito, procedo a sustentar y complementar la oposicion presentada
el 30 de mayo de 2007 en los siguientes terminos

| RATIFICACION

Comedidamente me permito insistir en los argumentos planteados en la oposicion,
los cuales demuestran que la solicitud de la referencia incumple los requisitos de
patentabiidad establecidos por los articulos 14, 16 y 18 de la Decision 486 de
2000 y que por ello no merece recibir el beneficio patentaro

Me permito ratificar los argumentos expuestos, con el fin de justificar la razon por
la cual debe negarse la solicitud que nos ocupa
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» La publicacion internacional WO 99/059550 publicada el 25 de noviembre
de 1999 y titulada “NOVEL PARTICULATE FORMULATIONS” revela
procedimientos similares e nvolucra caracteristicas idenhcas en las
composiciones y formas de obtencion de las particulas de pachiaxel
reivindicadas por la solictud colombiana en tramite, es decr, el
procedimiento para obtener particulas submicronicas de pachtaxel, asi
como las tecnicas y demas compuestos necesarios para llevar a acabo
dicho proceso se encuentran revelados y suficientemente descritos dentro
del estado de la tecnica, en consecuencia la novedad y el nivel inventivo de
la solicitud colombtana en cuestion se encuentran afectados por obra de la
anterioridad mencionada

. I COMPLEMENTO DE INFORMACION

» La publicacion internacional W0/2002/055059 publicada el 18 de Julio de
2002 y titulada “METHOD FOR PREPARING SUBMICRON PARTICLE
SUSPENSIONS® revela métodos o procesos para formar o preparar
particulas de tamafio submicronico de un compuesto farmaceuticamente
activo, donde la solubilidad es mayor en un prnmer solvente organico
miscible en agua que en un segundo solvente que es acuoso estos
procesos se pueden clasificar en tres categonas generales donde cada una
comparte los pasos de 1) Disolver el compuesto organico
farmaceuticamente activo en un primer solvente organico miscible en agua,
para formar ta primera solucion, 2) mezclar la primera solucion con &l
segundo solvente para precipitar el compuesto activo y crear la pre-
suspension , y 3) adicionar energia a la presuspension en forma de high-
shear mixing o calor para proporcionar una forma estable del compuesto
organico teniendo los rangos de tamafo deseados

El primer metodo se caracteriza por
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Y el segundo se caracteriza por
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Si se observa con detenimiento lo revelado antenormente y se compara con lo
descrnito en la publicacion internacional WO 05/046671 paginas 51 y 52

(equivalente a la solicitud colombiana en tramite)
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Tenemos que en ambos documentos se emplean los mismos metodos de
obtencion de pequefias particulas de manera tal que, los metodos propuestos
en la salicitud colombiana en tramite, carece por completo de novedad y nivel

inventivo



Para entrar en mas detalles es importante resaltar que lo revelado en la

materia descriptiva de la anterioridad citada -WQO 02/055059-, en especial lo

relacionado con las ejemplos 1 a 18 (paginas 16 a 35) y figuras 3 a 17, es

totalmente idéntico a lo revelado en la parte descriptiva de la solcitud

internacional WO 05/046671 (equivalente a la solicitud colombiana en tramite),

paginas 27 a 44 y figuras 3 a 17 ya que ellos describen

WO 02/055059

WO 05/046671
(equivalente a la CO 06-042-082)

(Pag 15) Example 1 Preparation of itraconazole
suspension by use of Process Category 1
method A with homogenization

(Pag 26) Example 1 Preparation of itraconazole
suspension by use of Process Category 1
method A with homogenization

(Pag 17) Example 2 Preparation of itraconazole
suspension by use of Process Category 1
method A with ultrasonication

(Pag 28) Example 2 Preparation of itraconazole
suspension by use of Process Category 1
method A with ultrasonication

(Pag 19) Example 3 Preparation of itraconazole
suspension by use of Process Category 1,
method B with homogenization

(Pag 29) Example 3 Preparation of itraconazole
suspension by use of Process Category 1
method B with homogenization

(Pag 19 y 20) Example 4 Preparation of
itraconazole suspension by use of Process
Category 1 method B with ultrasonication

(Pag 30) Example 4 Preparation of itraconazole
suspensidbn by use of Process Category 1
method B with ultrasonication

(Pag 20) Example 5 Preparation of itraconazole
suspension (1%) with 0 75% Solutol® HR (PEG-
660 12-hydroxystearate) Process Category 2
Method B

(Pag 31) Example 5 Preparation of itraconazole
suspension (1%) with 0 75% Solutol® HR (PEG-
660 12-hydroxystearate) Process Category 2,
Method B

(Pag 22)
carbamazepine by use of Process Category 3
Method A with homogenization

Example 6  Preparaton of

(Pag 32)
carbamazepine by use of Process Category 3
Method A with homogenization

Example 6  Preparaton of

(Pag 22) Example 7 Preparaton of 1%
carbamazepine with 0 126%
Solutol® by use of Process Category 3 Method
B with homogenization

suspension

(Pag 32) Example 7 Preparaton of 1%
carbamazepine suspension with 0 125% Solutol®
by use of Process Category 3 Method B with
homogenization

(Pag 23) Example 8 Preparaton of 1%
carbamazepine suspension with 0 06% sodium
glycodeoxycholate and 0 06% poloxamer 188 by
use of Process Category 3 Method B with
homogenization

(Pag 33) Example 8 Preparaton of 1%
carbamazepine suspension with 006% sodium
glycodeoxycholate and 0 06% poloxamer 188 by
use of Process Category 3 Method B with
homogenization

(Pag 25) Example 9 Preparation of 1 6% (wfv)
prednisolone suspension with 005% sodium
deoxycholate and 3% N-methyl-2-pyrrolidinone
Process Category 3 Method B

(Pag 35) Example 9 Preparation of 1 6% {(w/v)
prednisolone suspension with 005% sodium
deoxycholate and 3% N-methyl-2-pyrrolidinone
Process Category 3 Method B

(Pag 28) 10
prednisolone suspension by use of Process
Category 3 Method A with homogenization

Example Preparationn of

(Pag 36) Example 10 Preparation of prednisolone
suspension by use of Process Category 3
Method A with homogenization
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WO 02/055059

WO 05/046671
{equivalente a la CO 06-042-082)

(Pag 29)
nabumetone suspension by use of Process

Example 11 Preparation of

Category 3, Method B with homogenization

(Pag 37) Example 11 Preparation of nabumetone
suspension by use of Process Category 3
Method B with homogenization

(Pag 29) 12
nabumetone suspension by use of Process

Example Preparation of
Category 3 Method B with homogenization and
the use of Solutol® HS 15 as the surfactant
Replacement of supernatant
phsopholipid medium

hqud wth a

(Pag 37) Example 12 Preparation of nabumetone
suspension by use of Process Category 3,
Method B with homogenization and the use of
Solutol® HS 15 as the surfactant Replacement of
supematant iquid with a phsopholipid medium

(Pag 29) Example 13
itraconazole suspension with poloxamer with

Preparation of

particles of a mean diameter of aproximately
220nm

(Pag 38) Example 13 Preparation of itraconazole
suspension with poloxamer with particles of a
mean diameter of aproximately 220nm

(Pag 31) Example 14 Preparaton of 1%
itraconazole with

hydroxyethylstarch

nanosuspension

(Pag 38) Example 14 Preparation of 1%

itraconazole nanosuspension with

hydroxyethylstarch

(Pag 31) Example 15 Prophetic examole of
Method A using HES

(Pag 40) Example 15 Prophetic example of
Method A using HES

(Pag 31 y 32) Example 16 Seeding dunng
Homogenization to convert a Mixture of

Polymorphs to the more stable Polymorph

16
to convet a Mixture of

(Pag 40) Example
Homogenization
Polymorphs to the more stable Polymomph

Seeding dunng

(Pag 33) 17 Seeding
Precipitation to preferentially Form a Stable

Example dunng

Polymorph

(Pag 42) 17
Preciptaton to preferenhally Form a Stabie

Example Seeding dunng

Polymorph

(Pag 33) Example 18 Polymorph control by
seeding the drug concentrate

(Pag 42) Example 18 Polymorph control by
seeding the drug concentrate

(Pag 17) Figure 3 Amorphous particles pnor to
homogenization {(example 1)

(Pag 52) Figure 3 Amorphous particles pnor to
homogenization (example 1)

(Pag 17) hgure 4 Particles after annealing by
homogenization

(Pag 53) Figure 4 Particles after annealing by
homogenization

(Pag 21) Figure 5 X-Ray diffractogram of
microprecipitated itraconazole with polyethylene
after

glycol-860-12-hydroxystearate and

homogenization (example 5)

(Pag 54) Figure 5 X-Ray diffractogram of
mucroprecipitated traconazole with polyethylene

and after

glycol-660-12-hydroxystearate
homogenization (example 5)

(Pag 24) Figure 6 Carbamazepine crystals
before homogenization (example 6)

(Pag 55) Figure 6 Carbamazepine crystals before
homogenization (example 6)

(Pag 24) Figure 7
microparticulate after homogenization (avestin
C-50) (example 6)

Carbamazepine

(Pag 56) Carbamazepine

microparticulate after homogenization (avestin C-

Figure 7

50) (example 6)

(Pag 26) Figure 8 Diagram of Microprecipitation
process for Predmisolone (Examples 9-12)

(Pag 57) Figure 8 Diagram of Microprecipitation
process for Prednisolone (Examples 9-12)
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WO 02/055059 WO 05/046671
(equivalente a la CO 06-042-082)
(Pag 27) Figure 9 Photomicrograph of |(Pag 58) Figure 9 Photomicrograph of

Prednisolone suspension hefore

homogemzation

Prednisolone suspension before hamogenization

(Pag 27) Figure 10 Photomicrograph of
Prednisolone suspension after homogenization

(Pag 59)
Prednisolone suspension after homogenization

Figure 10 Photomicrograph of

(Pag 31) Figure 11
distnbutions of nanosuspensions (this invention)

Companson of size

and comercial fat emulsion (example 13)

(Pag 60} Figure 11
distnbutions of nanosuspensions (this invention)

Companison of size

and comercial fat emulsion (example 13)

(Pag 34) Figure 12 X-ray powder diffraction
patterns for raw matenal itraconazole (top) and
SMP-2-PRE (bottom) The raw matenal has
been shifted upward for clanty (example 16)

(Pag 61) Figure 12 X-ray powder diffraction
pattems for raw matenal itraconazoie (top) and
SMP-2-PRE (bottom) The raw matenal has been
shifted upward for clanty {example 16)

(Pag 35) Figure 13a DSC trace for raw matenal
itraconazole {example 16)

(Pag 62) Figure 13a DSC trace for raw matenal
itraconazole (example 16)

(Pag 35) Figure 13b DSC trace for SMP-2-PRE
(example 16)

(Pag 62) Figure 13b DSC trace for SMP-2-PRE
(example 16)

(Pag 36) Figure 14 DSC trace for SMP-2-PRE
showing the melt of the less stable polymorph
upen heating to 160°C a recrystallization event
upon cooling, and the subsequent meeting of
the more stable polymorph upon reheating to
180°C (example 16)

(Pag 63) Figure 14 DSC trace for SMP-2-PRE
showing the melt of the less stable polymorph
upon heating to 160°C a recrystalization event
upon cooling, and the subsequent meeting of the
more stable polymorph upon reheating to 180°C
{example 16)

(Pag 36) Figure 15 Companson of SMP-2-PRE
Solid
sample seeded with raw matenal itraconazole

samples alter homogenization line=
Dashed line= unseeded simple The solid line
has been shifted by 1 W/g for clanty (example
16)

{Pag 64) Figure 15 Companson of SMP-2-PRE
samples alter homogenization Sohd line= sample
seeded with raw matenal itraconazole Dashed
ine= unseeded simple The sold ine has been
shifted by 1 W/g for clanty (example 16)

(Pag 37) Figure 16 Effect of seeding dunng
precipation Dashed lne= unseeded sample
Sold Ine= sample seeded with raw matenal
itraconazole The unseeded trace (dashed hne)
has been shifted upward by 1 5 W/g for clanty
{example 17)

(Pag 65) Figure 16 Effect of seeding dunng
precipation Dashed line= unseeded sample Sold
hne= seeded with
itraconazole The unseeded trace (dashed line)
has been shifted upward by 15 Wi/g for clanty
(example 17)

sample raw matenai

(Pag 37) Figure 17 Effect of seeding the drug
concentrate through aging Top X-ray diffraction
pattern 1s for crystals prepared from fresh drug
concentrate and 1s consistent with the »table
polymorph (see Figure 12 top) Bottom pattern
1s for crystals prepared from aged (seeded) drug
Is consistent with the

concentrate and

(Pag 66) Figure 17 Effect of seeding the drug
concentrate through aging Top X-ray diffraction
pattern 1s for crystals prepared from fresh drug
concentrate and 1s consistent with the stable
polymorph (see Figure 12 top) Bottom pattem 1s
for crystals prepared from aged (seeded) drug
concentrate and Is consistent with the metastable
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WO 02/055059 WO 05/046671

(equivalente a la CO 06-042-082)
metastable polymorph (see Figure 12 bottom) | polymorph (see Figure 12 bottom) The top
The top pattern has been shifted upward for | pattem has been shifted upward for clanty
clanty (example 18) {example 18)

Adicionalmente es importante llamar la atencion de este Despacho en cuanto
a que si bien es cierto en la antenondad nombrada tantas veces no se hace
referencia explicita a Paclitaxel, no lo es menos que los metodos y/o procesos
descritos para preparar particulas submicronicas —y que como Se menciono
son iguales a los referidos en la solicitud colombiana en tramite- son aplicables
a compuestos farmaceuticamente activos pertenecientes a varios grupos tales
como, pero no hmitados a anthiperlipidemicos, antimicrobianos

antibacteriales como  sulfadiazina, antifungicos como itraconazal,
antunflamatorios no esferoidales como indometacina, antthipercolesterolémicos
como probucol, compuestos esteroidales como  dexametasona
Inmunosupresores como ciclosporina A tacrolimus, y mofetil micofenolato

Si adicional a esto tenemos presente tambien que

I'be present inveaton provides a method for prepanng submicron sized particles of an orgame
compound the solubahity of which 1s greater in a water-mscible first solvent than n a s2cond solvent
which s squeoas  The process mtludes (he steps of (1) dissolving the organk compound m the w uter-
muscable first zolvent to form a salution, the first solvent hemg selected from the group consisting or N
methyl-z-pyu'ohthmue. 2 pyrohdone, dunethyl sultoxide, dunethelacetaunde, lacte ecid, mothanol,

()
dicapryiate, propylene glycol dicapratz, propylene glycol laurate, (i) mIxing the solution with the
secmu:i mlvmi  define u pm—mmamn 40 {hﬁ adﬂnm wﬂgg to the gm-suspewim o f-m*m

W om o man

()

In Method A (see Fagure 1) the orgamc compound (“drug™) 15 first dissoived wn the first
solvenl to create & first solutton  The organic compound can be added from abt;ul 0 1% (wiv)
abont 509% (w/¥) depending on the solubility of the organse compound m the first solvent Heating
of ke concentrate frors sbout 30°C 10 ahout 100°C may be necessary to ensure total dissolotion of
tl.e compound 11 the first solvent

()
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(y\
deoxycholate, etv) Sustasble eshonn serfactants include bat wre not limited to quaternary
mmonium compounds such as benzalkonsum chforide cetylrimethylammonwm bromuds,
lauryldimethylbenz ylummomam chlongde, acyl camtine hydrochlondes or alkyl pyndmiim hahdes
As amony surfactants, phoepholipids may be used  Swiable phosphobipids include, for example
phosphatidylcholine, phosphatdylethanolamme, phosphatdylsenne,  phosphatidylmosnol,
phosphatidylglycerol, phosphatidhie acid lysopnoapholipids, egg or soybean phospholyd or a
combmnation thereof  The phospholipid may be salted or desalted hydrogenated or paroally
hydrogenated or nutural sermsynthetic o1 svothetic
()

Soutabls ntsuome surfactapty uclude polyoxvethylene fatty alcohol ethers (Macrogol and
Bry), pulyoxvethy iene sorbitan fatty acd esiers (Polysorbates) polyvoxyethylene fatty acid esters
My ), sorbrtan esters (Span), glycerol monosfearute, polyethylene sglycols, potypropylene glycols,
vetyl aluohol, cetostearyl alcohol stearvi aleohol, aryl alkyl polycther atcobols, polyoxvethylene-

()

Surface artive blologeal maleculey melude such molecules as alburn  casem, hepana,
rudin or other aporopnate protems

Y que ademas se reivindica
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(i) -3 o the 3016001 with the, seoofd solvent i defie o fee-suspeamol, wd -~ "5

(u1) adding energy to the pre-suspension to form particics having an average effective
particle «ize of Iess than about 2 ym

3 The method of claun 7 wherein 1he smomc sarfactant g ¢ copolymer of oxyethylene and

oxyprepylene,
e The method of elaum 8 wheren the copolyaer of oxyethiylone and axypropylene 1t 8 block

copolymer .
36 The method of clatm 31 wherem the Tirstsotventas Nomethyl-2 pyriohdnone
39 The method of clam 31 further compnsmg the step of muxmg mto the solubon a sixth

surface modifier selected trom the group consishng of  smopk. swfdctants, Cahome surfecuants,
nontome sirfactants and surface active Mojog.cal modificrs.
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41 The method of claum 40 wherew (e phospholipid 15 selected from naturat phosphobpids and
synthetic ghoggholipids
52 The method of claum 50 whert in the phospholipid 1s selected from the group consisting of

-t be b

phosphauéyfdmln"ie","; phosphaudylaﬂunolammc, ~~phosphaddy!swim,"“ phosphatidylmasstol,- -
phosphandylglycerdl, phmphandic acud,” l,yisuphﬁtphohpkﬁ, ofig” phospholipid and stiybeun

phospholipid s . i . . :
69 e method of clawm 60 wherein the particles of the presuspension have an average effectn e
parbicte size of Jess than about $00 ren.

Podemos ver claramente que en el estado de arte se describe minuciosamente
el procedmiento (Método A y B) que sustenta la invencion de la solicitud
colombiana en tramite, adicicnalmente, especifica el uso de fosfolipidos
. naturales o sinteticos, surfactantes anionicos, cationicos, no onicos ¥y
modificadores biologicos de superficie activa, copolimeros de oxietileno y
oxipropileno, la uthzacion de N-metil-pirrolidona como el primer solvente
miscible en agua, el rango de temperatura utilizado durante el proceso y el

rango de tamaiio de particula obtenido

» La publicacion internacional W0/2003/045330 pubhcada el 05 de Junio de
2003 y titulada “MATERIALS AND METHODS FOR MAKING IMPROVED
MICELLE COMPOSITIONS" revela

compound, or delivery of the compound m an mactive conformation  According to
ont. aspect of the present invenlion, ng}:fsghyim@:g}yqqz (PEG) ts°covalently
corpugated ta DSPE and used to form polymeric nucelles which are then passively
loaded with VIP The PEG-DSPE forms micelies mth.a hydrophobic wore consisting

o ar ne e wre we S nnrnne ar mrrad b b
oo oy .---- P L ) e L

of distearoyl phosphatidylethanolamiae (DSPE) faity acid chams which 15 surmuuded
by a hydropialic “'shell” formed by the PEG polymer
()

In another aspect, the invention provides methods for prepanng a
biolngigally setive sterically stabthzed ntgzsmlﬁn&ptoduptpompnsmg one or more
btoluglé:ally actve ::ompounds “wh:c—h m:c msofuble 1n a;1 aqueous solufion, said
method comprigmg the steps of 8} dissolving w an orgame sobyveni sad hiologcally
active campound(s} and ene or mare lipids wheesin at least otne hmd 1s conugated to
a water soluble polymer; h) removing the organsy aolvent to leave 8 dry film c)
hydraning the dry film with pa squeoys solution, and d) forming a senically siabihzed
crystalhne product  As used herein and in subseruently desenbed crysmthne products

()
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Moethods of the inventhon for producmg sterically stabbred crystalime
pmuu»ls arc aimefiable to the use’ofany dompound that 1 insoluble in an aqueous:

S mm g 3w -
L2

solution Preferred insoluble conmpounds include, but are not hrmted to, progesterone,
testosterone, estrogen. predmisolone, prednisone, 2,3 mercaptopropanol, amphotenicin
B, betulune acid, vamptothecm, cuazepam, nyslatm, propofol, cyclosporn A

doxorubicin, and pactitaxel (1 nxﬁi@}, and tetramethyl NDGA  In methods of the
()

In one embodiment, medicaments of the mvention inclade micelie
compositions or erystalline compounds wherem the water soluble’ polymer 157

polyeibylene.glycol (PFEGY  In another embodiment, medicaments of the invention
mclude use of micelles having 2n avernge diameter of less than about 25 nm  In still

another embodiment, medicaments of the invention mnclude mucelle compositions or

gy

crystalime compounds wherem the combination of Iipads consists of distesiroyl-
phosphatlylethanolamme covalently bonded fo PFG (PEG-DSPE}

( )

o tr vewe e dwe we o o0 oe ™

rvention 15 PEG at amnlenulnrwﬂgln between: Iﬁ(}f} am‘f SOOOw Preferred hpids for

osee

producing mucelles accordmg to ihe myention mclude drstearoyl-

o e oeooe v o e e wr or nnmmnmna—mm aranr nr o e
rarar mere

phosplm.ldylvthﬂmlalgmﬂ wva!enﬂy banﬁed 1 PEG (PﬁG&DbPE) “alone or th fmﬂ;er

PO e ve v o e e o e ottt et 4 e ex e e e ergre i e g .

combmation with phasphat:dyldwhﬁd(PC) -and phos;phmd}'igiymi {PG) 1n further
combination with cholesterol (Chiol) and/or calmodulm

()
Methods of the invention for preparation of stenically stabihized micelle

producis or stencally stablhzed crystalhme pmducm can be camed usmg various

()

P g ¢

Stcm.aiiy stablized erystalline prodists of the mvention are

vevavareoeete W e e e e reoree &

parbcularly useful for admmstration of anti-cancer agents For example, crystalline

products of the' invention caiipri smg pnchtaxﬂ (Taxol®) as the insoluble conpound
and VIP as the targeting ageni can be targeted to breast cancer cells which are known

()

Como vemos, en el estado de la técnica claramente se evidencia el uso de los
procedmientos de cristalizacion que sustenta la invencion de la solicitud
colombiana en tramite, especificamente en caracteristicas taies como el uso de
un fosfolipido conjugado con un polimero hidrofilico o soluble en agua, la
remocion de la fase liquida a traves de evaporacién y liofilizacién, y finalmente
la aplicacion de este metodo en particulas de compuestos insolubles en agua

mas especificamente en paclitaxel
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titulada
AGENTS, METHODS FOR
METHODS FOR THE USE THEREOF" revela

I accordance with the presint imention, thore are provided
composthons and gr.thods usetul for-thes 1 vivs delivery of
s.uhsaannany watiar“_mmluhie“ “pbamam l:}gwaiky- active
ageats (sinh 3% 1heantuaroor dfug pacluakel) wdvh.chThe
phasmacologically ative agent s delwvered an the form of
suspendded particles costed with protan fwhrh acls a8 a
stabilizing agent) In parbcular proewn dnd pharmacoiogn-
callv actree agont 1 1 hoocompanble dispersmg medism are
subrowal o high shcar e absence of any comentional
surfactands, and also m e absemn of any polymur wore
matenal for the parmicles  he proveder yaddds pactsdos wah
a diameter of less than ahout T mmron  Fhe use of specib
CORIPOSINOY and proparaion conditions (v g, adduzon of a
pedar solvemt 10 the orgame phas), and varefil selociion of
the proper organic phase and phase fracthion conbles the
reproniiscible predutiow ol viustally small punopartcdes of
bens than 200 nm dHameter, which can be sterde-bltend The
patlicuate system provfuced socomdhng o the Javentisn <an
bo vonverlid mmto 4 redinporsible dry powder comprising
nanopariicles ol walte-msduble drag oo ed wath a protear,
and Iree protem o which molecules of the phurmacolagncal
ageat are bound  This resulis an & ungue dobiveny systems
wihncke part ol the pharmacologualiv active agent 1 reachiy
noavailable (o the form of molecules bound 10 ihe proiaia)

aik! pazt of the agunt 1 present wathun particles withowd amy

poivmuer matnx thoerom

()

[n accordance with the present vennon, we nave dis-
covered that subsiwally watr msolubks ph Mot
wally active agents cau he delivered 1n the form of men-
paziicles o penoparicles thal are swidbie jof pareeteral
adirnslraon g agqus oas suspenson s mode of delvery

1 LN T accardmct“wﬂ!l the present i Snliof, UK afc
provuded methods for the, lormation of wanupattichs of

pharmacelogically acfive-agonty by Ja solvent’sa apuration

techmgue from an o1l m-waier cmuision” pruparcd undee

conditsons oF high shear Forwes e g . somcanton, Ingh pres-
swie. hurmogoniation, of the bhey without the use of any
conveniiondal surfactaots, ared without the use of anv poly-
meric core matertal 10 jorm the matnx of the nanoparticle

[dsicud, pioteun (o g -buorn soiiid althitbin) aie eoiploved
as 4 gtabibing agent . —

()

The mvention furthar provedes a method for the repro-
dunible formanion of upiruadly small aapopacticlos {less
{han 200 i draps k), whch can be swrile-lliord thaougl
a 0.22 meren filter This s achiovied by addition of 3 water

y
1},\3\

> La patente americana US 5 916 596 publicada el 29 de junio de 1999 y
‘PROTEIN STABILIZED PHARMACOLOGICALLY ACTIVE
THE PREPARATION THEREOF AND
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()

In accordance with the presend tavention, thure arc also
provided submcron partcls o powder form, winel can
casldy be recomstituted ut witer Or salise Ihe powder s
obtamed after eomoval of water by lyophitiration Hunsan
~«rurn slbumim serves as the strauctural component of mven-
nen nanoparticles, and also as 4 Lryoproteciant and recos-
shinnon midiThe g»rep&rmm  of pariicles-fiiterable ibrough -
8 0 22 pceon-filter anwﬂ;ﬁg ta.tht mvention method a5
dincrbed berem, followed by sryihg or mxpiammmn, P
duces . sgrhe mhrir formalatinh- wsefu] Jor miravenoys

micc,imn- LT P L - S oL

R e e T T I e T R T T T liee oo e veves ctevecreveevers

Ademas reivindica

6 A method awording 1o clamm 4 wherem saxd pharma-
ceutically active agent 1s an anlineoplastic selected from
adriamyan, cvilophosphamade, actmomyan, bleomycm
duanorubi<in, doxorubican, opirubicin, mitomyan,
methoirexate, #oorouracii  carhoplatin, Larmustine
(BONU), methyl-CCNL:, cwsplatm, eloposide, anicrieron,
camptotbecn and dervatives thervof, phenestenne, pach
daxel and denvetives thereof, taxutere and denvatives
thercof, vinblastine, vincristise, temoxaten, otoposede ol
piposuitan

-7 A méthid secorhng o clam 26 filrther comprsimg
“remwying sant viganil phase f'mn’a«\md xR oe

-3 "A»me‘fhad acearding @ clam 26 further mmpn.s“mgi

_irltﬂrm;, s.mi-mxxmm"limmgh 4 0 2Fmicropsfilier -
29 : A metbold aéco g 16 ¢lam, 26 forter COMPrisng
ooy ing seid aguedins phase from-Said tixtire
307 A method acdonhing fo claim 26 wherern saud high

nanann aa "o Mmoo ommpw mwowon e mn

i l!i H

wow B

shicar. mndii“::gmz pmmgcg _ay_xg(_wgl:xgﬂ.g pamclﬁs, cr}%la}}mc“

L
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Lo antenor permite demostrar claramente que en el estado de arte ya era
ampliamente conocido el uso del procedimiento que sustenta la invencion de la
solicitud Colombiana en tramite, especificamente lo que respecta al uso de
paclitaxel como principio activo, uso de modificadores biologicos de superficie
activa, los rangos de tamafio de particular obtenidos, la estenlizacion del
compuesto nanoparticulado por filtracion la remocion de la fase liquida para la
obtencion de un polvo seco de particulas a traves de evaporacion, liofilizacion
o filtracion de alta presion y la formulacion adecuada para administracion
parenteral

En consecuencia ruego se analicen los argumentos expuestos con el ngor y
detenimiento habituales, y que en consecuencia el Despacho decrete, ademas de
la negacidn de la solicitud en comento, el archivo del expediente que o contiene
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{57) Abstract The present invention provides a methad for prepanng a suspension of a pharmaceutically active compound the
solubility af which s greater in 2 water mscible first orgamic solvent than 1n a secand solvent which 1s aqueous | he process includes
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ME 1 HOD FOR PREPARING SUBMICRON PARTICLE SUSPENSIONS
CRIPTION

CROSS-REFERENCE TO RELATED APPLICATION
Not Applicable

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
Not Apphcable

BACKGROUND OF THE INVENTION
Techmical Field

The present invention relates to the preparation of a pharmaceutically active compound More
particularly the mvention relates to the manufacture of nanosuspensions of the pharmaceutically achve
compound for parenteral or oral delivery
Backgroupd Art

There 15 an ever mereasing number of pharmaceutical drugs being formulated that are poorly
soluble or insoluble m aqueous solutions Such drugs provide challenges to delivering them 1n an
wmyjectable form such as through parenteral edmunistration  Drugs that are insoluble in water can have
sigmificant benefits when formulated as a stable suspension of sub micron particles Accurate control
of particle size 15 essential for safe and efficacaous use of these formulatons Particles must be less
than seven microns mn diameter to safely pass through capillanes without causing embolt (Allen etal ,
1987, Davis and Taube 1978, Schroeder etal 1978, Yokel et a‘l . 1981)

One approach to delivenng an msoluble drug 15 disclosed m United States Patent No 2,745,785
This patent discloses a method for prepating crystals of pemcilin G swtable for parenteral
admrustraton The method includes the step of recrystallizmg the pemiciliin G from a formarmde
solution by adding water to reduce the solubility of the pemeiliin G The ‘785 Patent further provides
that the pentciilin G particles can be coated with wetting agents such as lecathin, or cmulsifiers surface
active and defoaming agents, or pa-tial ligher fatty acid esters of sorbitan or polyoxyalkyklene
denvanves thereof, or aryl alkyl polyether alcohols or salts thereof The ‘785 patent further discloses
micromzing the pemerllin G with an axr blast under pressure to form crystals rangng from about 5 to 20
microns

Another approach 1s disclosed in Untted States Patent No 5,118,528 which discloses a process
for prepanng nanoparticles The process mcludes the steps of (1) prepanng a hqud phase of a



10

15

20

30

35

WO (12055059 PC1/USO/49T37 //\
-2.

substance m a solvent or a muxture of solvents to which may be added one or more surfactants (2)
prepanng a second liqud phase of a non-solvent or a muxture of non-solvents, the non-solvent 1s
muscible with the solvent or mixture of solvents for the substance, (3) adding together the solutions of
(1) and (2) with sturning and (4) remo ring of unwanted solvents to produce a colloidal suspension of
nanoparticles The ‘528 Patent discloses that it produces particles of the substance smaller than 500 nom
without the supply of energy In partcular the ‘528 Patent states that it 1s undesirable to use hugh
energy equipment such as sonicators and homogemzers

United States Patent No 4,826,689 discloses a method for making uniformly sized particles
from water-insoluble drugs or other orgamic compounds  Furst, a sustable solid organic compound 1s
dissolved m an organic solvent, and the solution can be diluted with a non-solvent. Then, an agueous
precipitating hquud 1s wnfused, precipitating non-aggregated particles wath substantially unuform mean
chameter The particles are then separated from the orgamic solvent. Depending on the orgamic
compound and the desired particle size, the parameters of temperature ratio of non-solvent to orgamc
solvent, infusion rate, stir rate, and volume can be vanied according to the mvention The ‘689 Patent
discloses thus process forms a drug m a metastable state which 1s thermodynamucally unstable and
whach eventually converts to a more stable crystalline state The ‘689 Patent discloses trapping the
drug 1n 2 metastable state in which the free energy lies between that of the starting drug solution and the
stabie crystaline form The ‘689 Patent discloses utthzng crystallization mhubitors (e g
polyvinylpyrrohidinone} and surface-active agents (e g , poly(oxyethylene)-co-oxypropylene) ) to render
the precipitate stable enough to be 1solzted by centnifugation membrane filtrahon or reverse osmosis

InU S Patent Nos 5,091,188, 5,091,187 and 4,725,442 which disclose (a) either coahng small
drug particles wath natural or synthetic phospholipids or (b) dissolving the drug in a suitable hpophilic
carrier and formung an emulsion stabilized with patural or semusynthetic phosphohpids One of the
disadvantages of these approaches is they rely on the quahty of the raw matenal of the drug and do not
disclose steps of changing the morphology of the raw matenal to render the matenal in a friable, more
easily processed form

Another approach to providing msoluble drugs for parenteral dehivery 1s disclosedin U S Patent
No 5,145,684 The ‘684 Patent discloses the wet mulling of an msoluble drug i the presence of a
surface modafier to provide a drug particle having an average effective particle size of less than 400 nm.
The ‘684 Patent emphasizes the desirability of not using any solvents mn its process The ‘684 Patent
discloses the surface modifier 1s adsorbed on the surface of the drug particle 1 an amount sufficient to
prevent agglomeration into larger particles

Yet another attempt to provide msoluble drugs for parenteral delivery 15 disclosed n U S Patent
Nos 5,922,355 The “355 Patent digcloses providing submicron si1zed particles of insoluble drugs using
a combmnation of surface modifiers and a phospholipid followed by particle smze reduction using
techmques such as somcanon homogemzation, mllmg mcroflmdizaton, preciptation or

{
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recrystallization  There 15 no disclosure n the “355 Patent of changing process conditons o make
crystals in a more friable form, “r

United States PatentNo 5,780,062 discloses a method of prepanng small particles of msoluble
drugs by (1) dissolving the drug m a water ruscible first solvent (2) prepaning a second solutton of a
polymer and an amphiphile 1n an aqueous second solvent in which the drug 15 substantially insoluble
whereby a polymer/amphiphile complex 1s formed and (3) muang the solutions from the first and
second steps to precipitate an aggregate of the drug and polymer/amphiphile complex

Unuted States Patent No 5 858 410 discloses a pharmaceutical nanosuspension smitable for
parenteral adminustraton  The ‘410 patent discloses subjecting at least one sohd therapeutically active
compound dispersed 1n a solvent to lugh pressure homogenzation 1n a piston-gap homogemzer Lo form
particles having an avernge diameter deterrmuned by photon correlation spectroscopy (PCS) of 10 nm to
1000 nm, the proportion of particles larger than 5 pm 1n the total population bemg less than 0 1%
(number distribution determined with a Coulter counter) without prior conversion into a melt, wherein
the active compound 1s sohid at room temperature and 18 insoluble, only spanngly soluble or moderately
soluble 1n water, aqueous meda and/or orgamic solvents The Examples in the ‘410 Patent disclose jet
milhng prior to homogemzation

United States Patent No 4,997,454 discloses a method for making uniformly sized particles
from solid compounds The method of the ‘454 Patent mcludes the steps of dissolving the solid
compound 1n a smtable solvent followed by infusing precipitating hiquid thereby precipitating non-
aggregated particles with substantallv umform mean diameter The parhicles are then separated from
the solvent The ‘454 Patent disconrages formung parhicles mn a crystalline state because dunng the
precipitaning procedure the crystal can dissolve and recrystallize thereby broadening the particle size
distnbution range The 454 Patent encourages during the precipitating procedure to trap the particies
1 2 metastable particle state

Umnited States Patent No 5 605,785 discloses a process for formung nanoamorphous disperstons
of photographically useful compounds The process of forming nanoamorphous dispersions imcludes
any known process of emmlsificaton that produces a disperse phase having amorphous paruculates

SUMMARY OF THE INVENTION

The present mvenuon provides a method for prepanng submicron uized particles of an organic
compound, the solubility of which 1s greater in a water-muscible first solvent than in a second solvent
which s aqueous The process includes the steps of (1) dissolving the orgamic compound in the water-
muscible first solvent to form a solution, the first solvent beang selected from the group consisting of N
methyl-2-pyrrolidmone 2-pyrrolidone, dimethyl sulfoxide dumethylacetarmde, lactic acid, methanol
cthanol, 1sopropanal, 3-pentanol, n propanol, glycerol butyleae glycol, ethylene glycol propylene
glycol mono- and diacylated monogly.endes, dimethyl 1sosorbide, acetone, dimethylformamde, 1,4-

P
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dioxane polyethylene glycol polyethylene glycol esters, polyethylene glycol sorbitans, polyethylene
glycol monoalkyl ethers, polypropylene glycol, polypropylene algmate. PPG-10 butanediol, PPG-10
methyl glucose ether, PPG-20 methyl glucose ether, PPG 15 stearyl ether, propylene glycol
dicaprylate propylene glycol dicaprate propylene glycol laurate {u) mixeng the solution with the
second solvent to define a pre-suspension, and (w1) adding energy to the pre-suspension to form
particles having an average effective particle aize of less than about 2 pm.

A method for prepaning submucron sized particles of an organic compound the solubility of
whach 1s greater m a water-miscible first solvent than m a second solvent which 1s aqueous the
process compnsing the steps of (1) dissolving the orgamc compound 1n the water-mscible first
solvent to form a solution, the first solvent being selected from the group consisting of N-methyl-2-
pyrrolidinone, 2-pymrohidone, dimethyl sulfoxide, dimethylacetamade, lactic acid, methanol, ethanol,
1sopropanol, 3-pentanol, n-propancl, glycerol, butylene glycol, ethylene glycol, propylere glycol
mono- and diacylated monoglycendes, dimethyl i1sosorbide, acetone, dimethylformammde, 1,4-
dioxane,ethyl acetate propyl acetate, polyethylene glycol, polyethylene glycol esters, polyethylene
glycol sorbitans polyethylene glycol monoalkyl ethers, polypropylene glycol polypropylene
alginate, PPG-10 butanediol, PPG-10 methyl glucose ether, PPG-20 methyl glucose ether, PPG 135
stearyl ether, propylene glycol dicaprylate, propylene glycol dicaprate, propylene glycol laurate, (11)
muxing the soluton with the second solvent to define a pre-suspension wheremn the orgamc
compound 18 1n an amorphous form, a semucrystalline form or in & supercooled iquid form as
determuned by DSC and having an average effective particle size and (u)  anneahing the pre
suspension to form particles having essentially the same average effective particle size of the pre-
suspension and 1n a more stable form

The present mvention further provides a method for prepanng submucron sized particles of
an organic compound, the solubility of which 1s greater ;n a water muscible first solvent than 1 a
second solvent which 13 aqueous ‘The process mcludes the steps of (1) dissolving the orgaruc
compound 1n the water-mscible first solvent to form a solution, the first solvent being selected from
the group consising of N-methyl-2-pyrrolidinone, 2-pyrrohdone, dimethyl sulfoxide,
dimethylacetanmde, lactic acid, methanol, ethanol, 1sopropanol, 3-pentanol, n-propanal, glycerol
butylene glycol, ethylene glycol, propylene glycol, mono- and chacylated monoglycerides, dumethyl
1sosorbide acetone dmmethylformamude, 1,4-dioxane, polyethyleas glycol, polyethylene glycol
esters, polyethylene glycol sorbitans, polyethylene glycol manoalkyl ethers, polypropylene glycol,
polypropylene alginate, PPG-10 butancdiol PPG-10 methyl glucose ether, PPG-20 methy] glucose
ether, PPG-15 stearyl ether, propylene glycol dicaprylate, propylene glycol dicaprate, propylene
glycol laurate, (n) muxng the solution with the second solvent to define a pre-suspension of particles
m a friable form, and (i) adding energy to the pre-suspension to form particles having an average

J;/
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effecuve particle size of less than about 2 pm

The present invention also provides a ‘method for prepanng a suspension of a
pharmaceutically-active compound the solubility of which 15 greater in a water muscible first
organic solvent than 1n a second solvent which 13 aqueons The process includes the steps of (1)
dissolving a first quantty of the pharmaceutically-active compound 1n the water miscible first
organic solvent to form a first solution {u) muxing the first soluttion with the second solvent to
precipitate the pharmaceutically-active compound and (u1) seeding the first solution or the second
solvent or the presuspension  The method further includes the step of forming a desired polymorph
of the pharmaceutically active compound In a preferred form of the mvention the step of sceding
ncludes the step of adding a seed compound to the first solunon to the second solvent and/or to the
presuspension

The present invention further provides a method for prepanng a suspension of a
pharmaceutically-active compound the solubility of which 1s greater in a water muscible first
orgamc solvent than in a second solvent which 1s aqueous The method includes the steps of (1)
addmng a quantity of the pharmacentically-active compound to the first orgamc solvent to create a
supersaturated solution, (1) agng the supersaturated solution to form detectable crystals to create a
seeding muxture and () muxing the seeding mxture wath the second solvent to precipitate the
pharmaceutically-achive compound to create a presuspension

BRIEF DESCRIPTION OF THE DRAWINGS
Not Applicable The Drawings have been incorporated into the text

DETAILED DESCRIPTION OF THE INVENTION

The present mvention 1 susceptble of embodiments mm many diufferent forms Preferred
embodiments of the invention are disclosed with the understanding that the present disclosure 1s to
be considered as exemplifications of the principles of the invention and are not mtended to Lot the
broad aspects of the invention to the embodiments illustrated

The present invention provides methods ar processes for formmng particles of an orgamc
compound having an average effective particle size switable for parenteral admimstratnon and, m a
most preferred form of the mvention, 11 less than about 2 um The present invention 15 aiso smitable
for providing particles of the orgame compound mn a form smtable for oral admimstraton  Particles
stzes for oral dosage forms can be 1n excess of 2 gm and typically less than about 7um However,
the particles can exceed 7um provided that the particles have sufficient bicavalabiity and other
characteristics of an oral dosage form Oral dosage formas :nclude tablets, capsules, caplets soft and
hard gel capsules or other delivery vehicle for dehvening a drug by oral admmistration
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The processes can be separated into three general categories Each of the categones ot
processes share the steps of (1) dissolving an orgamc compound m a water muscible first organic
solvent to creale a first solution (2) mixing the first solutton with a second solvent of water to
precipitate the orgamic compound to create a pre-suspension and (3) adding energy to the
presuspension 1n the form of high-shear mixing or heat to provide a stable form of the orgamc
compound having the desired size ranges defined above

The three categornes of processes are distingmshed based upon the physical properties of the
organic compound as determned through x-ray diffraction studies differential scanming calonmetry
(DSC) studies or other suitable study conducted prior to the energy-addition step and after the
energy-addition step In the first process category, prior to the energy-addition step the organ:c
compound 1n the presuspension takes ar amorphous form, a sermi-crystalline form or a supercooled
hquid form and has an average effectve particle size  After the energy-addition step the organic
compound 1s m a crystalline form having an average effecuve particle size esseatally the same a»
that of the presuspension (1 ¢ , from les« than about 2:m)

In the second process category prior to the energy-addition step the organic compound 18 1n
a crystalline form and has an average sffectve particle size After the energy-addition step the
organic compound 1s tn a crystalline form having essentially the same average effective particle size
as prior to the energy-addition step but the crystals after the encrgy-addition step are less hikely to
aggregate

The lower tendency of the organic compound to aggregate 1s observed by laser dynanuc ight
scattening and hight microscopy

In the third process category, prior to the energy-addition step the orgamc compound 1S a
crystalline form that 15 friable and has an average effective particle size. What 1s meant by the term
“friable” 1s that the particles are fragile and are more easily broken down 1nto smaller particles
After the energy-addition step the organic compound 15 m a crystalhine form having an average
effective particle size smaller than the crystals of the pre-suspension By taking the steps necessary
to place the arganic compound 1a a crystailine form that 1s friable, the subsequent energy-addition
step can be carned out more quickly and efficiently when compared to an organic compound 1 a
less friable crystalline morphology

The energy-addition step can be carrted out 1n any fashion wherein the pre-suspension 1s
exposed to cavitation, shearing or impact forces In one preferred form of the mveation, the energy-
addibon step 1s an anneahng step Annealing i1s defined m thus 1nvention as the process of
convertmg matter that 1s thermodynamically unstable mto a more stable form by single or repeated
application of energy (direct heat or mechanical stress), followed by thermal relaxation Thus
lowening of energy may be achieved b 7 conversion of the sold form from a less ordered to a more

¥
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ordered lattice structure  Alternatively this stabilization may occur by a reordering of the surfactant
molecules at the solid-liquid mterface

These three process categones will be discussed scparately below It should be understood
however that the process conditions such as choice of surfactants or combinahon of surfactants,
amount of surfactant used, temperature of reaction, rate of muxng of solutions, rate of precipitahon
and the like can be selected to allow for any drug to be processed under any one of the categories

7

/
*

discussed next

The first process category, as well as the second and third process categories can be further

divided mto two subcategories Method A, and B shown dwiagramatically below

Figure 1
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Water-mmscible e3> = T bufthr(s)
solvent solutlon
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. anercy sugsrcooled guld
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Separatton of
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Figure 2 Method B
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aner i-crystall
Stable crystalline product  €~—— :l:;p':?;: arsem aline
Separation of OPTIONAL STEPS
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An organic compound for use 1n the process of this invention 1s any organic chermucal entity
whose solubility decreases from one sjolvent to another Ths orgamc compound mught be a
pharmaceutically actuve compound from various groups such as but not lumited to
antthyperlipidemucs, antmicrobials, e gf antibacterials such as sulfachazine, antifungals such as
itraconazole, non-steroidal ant-inflammatory drugs, ¢ g, mdomethacin antthyperchiolesteremc
agents, e g probucol, and steroidal compounds e g dexamethasone immunosuppresants, € g
cyclosporio A, tacrolimus, and mycophenolate mofeti!  Or the orgamic compound rught be from the
group used as adjuvants or excipients 1n pharmaceutical preparations and cosmetics, such as, but not
limted to preservatives e g propylparaben

The first solvent according to the present invention 1s a solvent or muxture of solvents 1n
which the organic compound of interest 15 relatively soluble and which 1s rmscible with the second
solvent Examples of such solvents include, but are not imuted to polyvinylpymrolidone, N-methyl-
2 pyrrohdinone (also called N-methyl-2 pyrrohdone), 2-pyrrolidone, dimethyl sulfoxude
dimethylacetarmde, lactic acid, methanol, ethanol, 1sopropanol, 3-pentanol, n-propanol, glycerol
butylene glycol (butanediol), ethylene glycol, propylene glycol, mono- and diacylated
monoglycendes (such as glyceryl caprylate), dimethyl 1sosorbide, acetone, dumethylformamde 1,4~
dioxane, polyethylene glycol (for exaraple PEG 4, PEG-8, PEG-9 PEG-12 PEG-14 PEG-16
PEG 120, PEG-75, PEG-150, polyethyiene glycol esters (examples such as PEG-4 dilaurate, PEG-
20 dilaurate, PEG-6 1sostearate PEG-8 palmitostearate, PEG-150 palmutostearate) polyethylene
glycol sorbrtans (such as PEG-20 sorbitan 1sostearate), polyethylene glycol monoalkyl ethers
(examples such as PEG-3 dimethyl ether, PEG-4 dumethyl ether), polypropyiene glycol (PPG),
polypropylene alginate PPG 10 butanediol PPG-10 methyl glucose ether PPG-20 methyl glucose
ether, PPG-15 stearyl ether, propylene glycol dicaprylate/dicaprate, propylene glycol laurate
Method A

In Method A (see Figure 1) the organic compound (“drug”) s first dissolved in the first
solvent to create a first solution The orgamc compound can be added from about 0 1% (w/v) to
about 50% (w/v) depending on the solubility of the organic compound 1n the first solvent. Heating
of the concentrate from about 30°C to about 100°C may be necessary to ensure total dissolution of
the compound in the first solvent.

A second aqueous solution 1s provided with one or maore optional surface modifiers such as
an amomc surfactant, a cabome surfactant, a nomome surfactant or a biological surface active
molecule added thereto Sutable anuomic surfactants include but are not imited to potassiur
laurate, sodum lauryl sulfate, sodmm dodecylsulfate, alkyl polyoxyethylene sulfates, sodium
alginate, dioctyl sodium sulfosuccinate, phosphandyl choline, phosphatidyl glycerol, phosphatidyt
mosne, phosphatidylserine phosphandic acid and therr salts, glyceryl esters, sodium
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carboxymethylcellulose, cholic acid and other bile acids (e g cholic acid deoxychobic acid
glycocholic acud, teurochohic acid glycodeoxychobic acid) andl'sa.lts thereof (¢ g, sodium
deoxycholate, etc) Swuitable catiomc surfactants include but are not hmated to quatcrnary
ammonum compounds such as benzalkonum chlonde cetyltnmethylammonum bromude
lauryldunethylbenzylammomum chloride, acyl camutine hydrochlondes or alkyl pyndimum halides
As amtomic surfactants, phospholipids may be used Sustable phospholipids include, for example
phosphatidylcholine  phosphatidylethanolammne  phosphatidylserine  phosphatidylnositol
phosphatidylglycerol phosphahdic acid, lysophospholipids, egg or soybean phospholipid or a
combination thereof The phosphobpid may be salted or desalted hydrogenated or partially
hydrogenated or natural semusynthetic or synthetic

Swtable nononic surfactants include polyoxyethylene fatty alcohol ethers (Macrogo! and
Brmy) polyoxyethylene sorbitan fatty acid esters (Polysorbates), polyoxyethylene fatty acid esters
(Myry), sorbitan esters (Span) glycerol monostearate, polyethylene glycols polypropylene glycols
cetyl alcobol, cetostearyl alcohol stearyl alcohol, axyl alkyl polyether alcohols, polyoxyethylene-
polyoxypropylene copolymers (poloxomers) polaxamunes, methylcellulose hydroxycellulose,
hydroxy propylcellulose, hydroxy provylmethylcellilose, noncrystalline cellulose, polysacchandes
including starch and starch derivatives such as hydroxyethylstarch (HES) polyvinyl alcohol, and
polyvinylpymohdone In a preferred form of the inventon the nomomc surfactant 15 a
polyoxyethylene and polyoxypropylene copolymer and preferably a block copolymer of propylene
glycol and ethylene glycol Such polymers are sold under the tradename POLOXAMER also
somehmes referred to as PLURONIC®, and sold by several suppliers includmg Spectrum Chemical
and Ruger Among polyoxyethylene fatty acid esters 1s included those having short alkyl chains
One example of such a surfactant 13 SOLUTOL® HS 15 polyethylene-660-hydroxystearate
manufactured by BASF Aktiengesellschaft.

Swrface active biological molecules mclude such molecules as albumin casem, heparin,
hrrudin or other appropnate protemns

It may also be desmable to add a pH adjushng agent 1o the second solution such as sodrum
hydroxide hydrochlonc acid, tris bufTer or citrate, acetate, lactate, meglurmne, or the like The
second solution shouid have a pH withmn the range of from about 3 to about 11

For oral dosage forms one or more of the following excipients may be utihzed gelatin,
casein, lecuhin (phosphatides), gum acacia, cholesterol, tragecanth, stearic acid, benzalkonmm
chionde calcrum stearate, glyceryl monostearate, cetostearyl alcohol, cetornacrogol enmlsifying
wax, sorbitan esters, polyoxyethylene alkyl ethers, e g , macrogol ethers such as cetomacrogol 1000,
polyoxyethylene castor o1l denvatives, polyoxyethylene sorbitan fatty acid esters eg the
commercially available Tweeas TM  polyethylene glycols, polyoxyethylene stearates, collowdol

4
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sihcon dioxide, phosphates, sodium dodecylsulfate, carboxymethylcellulose calcium,
carboxymethylcellulose sodum methylcellulose hydroxyethylcellulose, hydroxypropylcellulose
hydroxypropylmethylcellulose phthalate, noncrystalline cellulose, magnesium aluminum silicate,
tnethanolarmne, polyviny! alcohol (PVA), and polyvinylpymolidone (PVP) Most of these exciprents
are described in detail n the Handbook of Pharmaceutical Excipients, published jomntly by the
Amencan Pharmaceutical Association and The Pharmaceutical Society of Great Brotan, the
Pharmacentical Press 1986 The surface modifiers are commercially available and/or can be
prepared by techniques known m the art Two or more surface modifiers can be used in
combination

In a preferred form of the mvention the method for prepanng submicron sized particles of an
organic compound includes the steps of adding the first solution to the second soluton The
addition rate 15 dependent on the batch size and precipitation kinetics for the organic compound
Typically, for a small-scale leboratory process (preparation of 1 hiter), the addition rate 15 from about
0 05 cc per manute to about 10 cc per munute During the addition, the solutions should be under
constant agitation It has been observed using Llight microscopy that amorphous particles semi-
crystalline solids, or a supercooled kquid are formed to create a pre-suspension  The method further
includes the step of subjecting the pre-suspension to an annealing step to convert the amorphous
particles, supercooled Liqmd or sermcrystalline sohid to a crystaline more stable sohd state  The
resulting particies will have an average effective particles size as measured by dynammc Light
scattening methods (e g, photocorrelabion spectroscopy laser diffraction, low-angle laser Light
scattening (LALLS), medum-angle {aser light scattering (MALLS) hght obscuration methods
{Coulter method, for example), theology, or mcroscopy (light or electron) within the ranges set
forth above)

The energy-additon step invelves adding energy through somcation homogemzation
counter current flow homogemzaton, microfludization, or other methods of providing umpact, shear
or cavitation forces The sample may be cooled or heated dunng thus stage. In one preferced form of
the 1avention the annealing step 13 effected by a piston gap homogemzer such as the one sold by
Avestn Inc under the product designation EmulsiFlex-C160 In another preferred form of the
mvention, the annealing may be accomplished by ultrasomcation using an ultrasonic processor such
as the Vibra-Cell Ultrasomic Procesgor (600W), manufactured by Somcs and Matenals, Inc  In yet
another preferred form of the wnventon, the annealing may be sccomplished by use of an
erulsificaton apparatus as descnibed m U S Patent No 5 720 551 which 1s incorporated herein by
reference and made a part hereof

Depending upon the rate of annealing, it may be desirable to adjust the temperatare of the
pracessed sample to within the range of from approximately ~30°C to 30°C. Alternatively, m order
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to effect a desired phase change 1n the processed solid 1t may also be necessary o heat the pre
suspension to a temperature within the range of from about ‘30"C to about 100°C during the
annealing step
Method B

Method B differs from Methad A in the following respects The first difference 15 &
surfactant or combination of surfactants 18 added to the first solunon The surfactants may be

selected frora the groups of amome nonionic and cationmc surfactants set forth above

Comparative Example of Method A and Method B and USPN 5 780 062
United States Patent No 5,780 062 discloses & process for prepanng small particles of an

orgamc compound by first dissolving the compound m a suitable water miscible first solvent A
second solution 1s prepared by dissolving a polymer and an ampluphile 1n aqueous soluhon The
first solution 15 then added to the second sojution to form 2 precipitate that consists of the orgamc
compound and a polymer-amphiplile complex The ‘062 Patent does not disclose utihzing the
energy-addition step of this invenbion 1n Methods A and B Lack of stability 15 typically evadenced
by rapyd aggregation and particle growth In some mstances, amorphous particles recrystallize as
large crystals Adding energy to the pre suspension 1o the manner disclosed above typically affords
particles that show decreased rates of particle aggregahon and growth, as well as the absence of
recrystalhization upon prodact storage

Methods A and B are further dishngwished from the process of the ‘062 patent by the
absence of a step of forming a polymer-amphuphile complex prior to precipitabon  In Method A
such a complex cannot be formed as no polymer 18 added to the dilvent (aqueous) phase In Method
B the surfactant, which may also act as an amphiphule, or polymer, 13 dissolved with the orgamc
compound in the first solvent This preciudes the farmation of any emphiphile-polymer complexes
prior to precipitanon  In the 062 Pateat, successful precipitation of small particles relies upon the
forration of an amphsphile polymer complex pnor to precipitaton. The 062 Patent discloses the
amphiphile-polymer complex forms azgregates i the aqueous second soluhon The 062 Patent
explmns the hydrophobsc orgamc compound mteracts with the amphiphile-polymer complex
thereby reducing solubility of these agpregates and causing preciputaton In the present invention it
has been demonstrated that the mclusion of the surfactant or polymer mn the first solvent (Method B)
leads, upon subsequent additon to second solveat, to formation of a more umform, finer particuiate
than 18 afforded by the process outhined by the 062 Patent.

To this end, two formulations »ere prepared and analyzed Fach of the formulations have
two solutions a concentrate and an aquecous diluent, which are nuxed together and then somcated.
The concentrate 1n each formnlaton has an organic compound (itraconazole), a water mscible

29
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solvent (N-methyl-2-pyrrolidinone or NMP) and possibly a polymer (poloxamer 188) The aqueous
drluent has water a tris buffer and possibly a polymer (poloxan;er 188) and/or a surfactant (sodium
deoxycholate) The average particle diameter of the orgamc particle 15 measured prior to sonication
and after sonication

The first formulation A has as the concentrate wtraconazole and NMP The aqueous diduent
includes water, poloxamer 188, tns buffer and sodum deoxycholate Thus the aqueous diluent
includes a polymer (poloxamer 188), and an amphtphile (sodium deoxycholate) which may forma
polymer/amphiphile complex and, therefore, 1s 1n accordance with the disclosure of the ‘062 Patent

(However, again the ‘062 Patent does not disclose an energy addition step )

The second formulation B has as the concentrate itraconazole, NMP and poloxamer 188
The aqueous diluent includes water, tris buffer and sodium deoxycholate Thus formulation 1s made
1 accordance with the present inventton  Since the aqueous diluent does not contamn a combination
of a polymer (poloxamer) and an amphiphile (sodium deoxycholate), a polymer/amphiphile complex
cannot form pror to the muxing step

Table 1 shows the average partizle diameters measured by laser diffraction on three rephicate
suspension preparations An mhal size determination was made, after which the sample was
somcated for 1 minute The s1ze determination was then repeated. The large size reduction upon
sonication of Method A was indicative of particle aggregation

Table 1
Method | Concentrate Agqueous Diluent Average | After
particie somcabon
diameter | (1 nunute)
| (mucrons)

A itraconazole (18%),N- poloxamer 188 187 2.36
methyl-2-pyrroldmone | (2 3%),s0dum 107 246
(6 mL) deoxycholate (0 3%)ms [121 193

buffer (5 mM, pH
8)water (qs to 94 mL)

B itraconazole sodium deoxycholate 0194 0198
(18%)poloxamer 188 (0 3%)tns buffer (SmM |0178 0179
(37%)N-methyl-2- pH 8)water (qs to 54 mL) | 0 181 0177
pyrrolidinone (6 ml.)

A drug suspension resulting from applicabon of the processes described 1 this invention
may be admumstered directly as an wjectable solutton provided Water for Injection 15 used m
formulation and an appropriate means for solution sterilization 15 apphed Stenlization may be
accomphished by separate stenlization of the drug concentrate (drug, solvent, and optional
surfactant) and the diluent medim (water, and optional buffers and surfactants) pnor to mpang to
form the pre-suspension Stenhzaton methods would include pre-filtranon first through 2 3 0

#
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mucron filter followed by filtration through a 0 45-mucron particle filter, followed by steam or heat
stenihization or sterle filtration through two redundant 0 2-nucr?n membrane filters

Optionally a solvent free suspenston may be produced by solvent removal after
precipttation  This can be accomplished by centrifugation dialysis, diafiltration, force-field
fractionanon hugh pressure filtrabon or other separanon techmques well known intheart Complere
removal of N-methyl-2-pyrrolidinone was typically carmed out by one to three successive
centrifugation runs after each centnfugation (18,000 rpm for 30 mnutes) the supernatant was
decanted and chscarded A fresh volume of the suspension vehicle without the organic solvent was
added to the remaumng solids and the muxture was dispersed by homogemzaton It will be
recogmzed by others skilled wn the art that other high-shear mixing techruques could be applied in
ths reconstitution step

Furthermore, any undesired excipients such as surfactants may be replaced by a morc
destrable excapient by use of the separation methods descnbed 1n the above paragraph The solvent
and first excipient may be discarded with the supernatant after centrifugation or filtrahon A fresh
volume of the suspension vehicle without the solvent and wathout the first excipient may then be
added. Alternatively, a new surfactant may be added For example, a suspenston consisung of dmg
N methyl-2-pyrolidinone {(solvent) poloxamer 188 (first excrprent), sodrom deoxycholate, glycerot
and water may be replaced with phospholipids (new surfactant) glycerol and water after
centnfugation and removal of the supematant,

I First Process Category

The methods of the first process category generally include the step of dessolving the organic
compound 1n a water muscible first solvent followed by the step of muung thes solution wath an
gqueous solubon to form a presuspension wherein the organic compound 15 1 an amorphous form a
semucrystalline form or 1n a supercooled liquid form as determined by x-ray diffraction studies
DSC, light microscopy or other anal yhical techniques and hag an average effective particle size
witiun one of the effective particle size ranges set forth above The maxing step 1s followed by an
energy-addition step and, n a preferred form of the inventon an annealing step

II Second Process Category

The methods of the second processes category include essentially the same steps as in the
steps of the first processes category but differ in the following respect. An x-ray diffracion DSCor
other switable analytical techmques of the presuspension shows the orgamc compound 1n a
crystalhne form and having an average effective particle ize The organic compound &fter the
energy-addition step has essennally the same average effective particle size as prior to the energy-
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addition step but has less of a tendency to aggregate mto larger particles when compared to that of
the particles of the presuspension ‘Without being bound to a tht;ory 1t 1 believed the differences in
the particle stability may be due to a reordenng of the surfactant molecules at the solid hiquid
interface

I Third Process Category

The methods of the third categery modify the first two steps of those of the first and second
processes categones o ensure the orgame compound 1n the presuspenston 1s 1n a friable form having
an average effective parhcle size (¢ g , such as slender needles and thin plates) Fnable particles can
be formed by selecting suitable solvents surfactants or combination of surfactants the temperature
of the individual solutions, the rate of mixing and rate of precipitation and the like Friability may
also be enhanced by the introduction of lathice defects (¢ g cleavage planes) dunng the steps of
muxing the first solution with the aqueous solution This would arise by rapid crystalhzaton such as
that afforded in the precipitation step  Inn the epergy-addition step these friabie crystals are converted
to crystals that are kinetically statilized and having an average effective particle size smaller than
those of the presuspension  Kinetically stabilized means particles have a reduced tendency to
aggregate when compared to particles that are not kmencally stabilized In such instance the energy-
addion step results 1n a breaking up of the friable particles By ensuring the particles of the
presuspension are 1n a frable state, the orgamic compound can more easily and more quickly be
prepared tnto 2 particle within the desired size ranges when compared to processing an orgamc
compound where the steps have not been taken to render 1t in a friable form
Polymorph Control

The present mvention further provides additional steps for controlling the crystal structure of
the pharmaceuncally-active compound to ultumately produce a suspension of the compound 1 the
desired s1ze range and a desired crystal structure  What 13 meant by the term “erystal structure” 1s
the arrangement of the atorms within the umt cell of the crystal Pharmaceutically-active compounds
that can be crystallized into different crystal structures are said to be polymorphuc, Identification of
polymorphs 1s important step 1n drug formulation since different polymorphs of the same drug can
show differences 1n solubility, therapentic activity, bioavailabilty and suspension stabiity
Accordingly, 1t 1s important to control the polymorphic form of the compound for ensuring product
punty and batch-to-batch reproducibility

The steps to control the polymorphic form of the compound mncludes seeding the first
solutzon, the second solvent or the presuspension to ensure the formation of the desired polymorph
Seeding inciudes using a seed compound or adding energy In a preferred form of the mvention the
seed compound 15 the pharmaceutcally-achive compound 1n the deswred polymorpluc form
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Alternattvely the seed compound can also be an mest impunty or an organic compound with a
structure sumlar to that of the desired nolymorph such as a bile salt.

The seed compound can be precipitated from the first solution This method includes the
steps of adding the pharmaceutically-active compound 1n sufficient quantity to exceed the solubility
of the pharmaceutcally active compound mn the first solvent to create a supersaturated solanon  The
supersaturated solution 1s treated to precipitate the pharmaceutically-active compound 1n the desired
potymorphic form Treating the supersaturated solution includes aging the solution for a ime peniod
until the formahion of a crystal or crystals 18 observed to create a seeding mixture [t 1s also possible
to add energy to the supersaturated solution fo cause the pharmaceutically-active compound to
precipitate out of the solution 1n the dusired polymorph The energy can be added mn & vanety of
ways imcluding the energy addition steas descnbed above Further energy can be added by heating
or exposmg the presuspension to electromagnetc energy, particie beam, or electron beam sources
The electromagnehc energy includes using a laser beam, dynamic electromagnetic energy, or other
rachation sources It 1s further contemplated utihzing ultrasound static electric field and a static
magnenc field as the energy addibion source

In a preferred form of the mveation, the method for producing seed crystals from an aged
supersaturated solution includes the steps of (1) adding a quantity of the pharmaceutically-active
compound to the first orgamc solvent to create a supersaturated solution, (u) aging the
supersaturated solution to form detectzble crystals to create a seeding muixture and (m) mrang the
seeding mixture with the second solvent to precipitate the pharmaceutically-actve compound to
create a presuspension ‘The presuspension can then be further processed as described 1n detail
above to provide an aqueous suspension of the pharmaceutically-active compound n the desired
polymorph and 1n the deswred s1ze range

Seeding can also be accomphished by adding energy to the first solution, the second solvent
or the presuspension provided that the exposed liquid or iqmds contain the pharmacentically active
compound or a sced material The energy can be added 1n the same fashion as descnbed above for
the supersamrated solution

Accordingly the present mvention provides a composition of marter of a pharmaceutically
active compound 1n 2 desired polymorphic form essentially free of the unspecified polymorph or
polymorphs Ome such example 13 set forth in example 16 below where seeding durmg
microprecipitation provides a polymorph of itraconazole essentially free of the polymorph of the raw
matenal It is contemplated the metheds of this invenhon can apply used to selectively produce a
desired polymorph for numerous pharmacentically active compounds

2
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Examples
Examples of Proccss Category 1 *
Example 1 Preparation of itraconazol= suspension by use of Process Category 1 Method A wath
homogemzahon

To a 3-L flask add 1680 mL of Water for Injechon Heat hiquid to 60-65°C and then slowly
add 44 grams of Pluromc F-68 (poloxamer 188) and 12 grams of sodium deoxycholate, surnng after
each nddition to dissolve the sohds After addition of solids 18 complete stir for another 15 minutes
at 60-65°C to ecnsure complete dissolution Prepare a 50 mM tms {tromethamune) buffer by
dissolving 6 06 grams of tris n 800 mI of Water tor Injection  Titrate this solution to pH 8 0 with
0 1 M hydrochlonc acid. Dilute the resulting solution to 1 liter with additional Water for Injection
Add 200 mL of the tns buffer to the poloxamer/deoxycholate soluuon Stir thoroughly to mux
solutions

In a 150-mL beeker add 20 graras of itraconazole and 120 mL of N-methyl-2-pyrrolidinone
Heat muxture to 50-60°C, and stir to dissolve solids  After total dissolntion 1s visvally apparent stir
another 15 munutes to ensure complete dissolution Cool 1traconazole-NMP solution to room
temperature

Charge a syninge pump (two 60-mmL glass syringes) with the 120-mL. of itraconazole solution
prepared previously Meanwhile pour all of the surfactant soluhon into a homogemzer hopper which
has been cooled to 0-5°C (this may erther by accomphshed by use of a jacketed hopper through
which refrigerant 15 cirenlated, or by surrounding the hopper wath ice) Position a mechanical sturer
wnto the surfactant solution so that the olades are fully immersed Using the syninge pump slowly
(1-3 mL/mun) add all of the itraconazol® solution to the stured, cooled surfactant solution A sturing
rate of at least 700 rpm 1s recommended An shquot of the murltmg suspension (Suspension A) 1s
analyzed by hght microscopy (Hoffman Modulation Contrast) and by laser diffraction (Hortba)
Suspension A 1s observed by light mucroscapy to consist of roughly sphenical amorphous particles
(under 1 mcron), esther bound to eack other mn aggregates or freely moving by Brownan motion
See Figure 3 Dynamuc light scattening measurements typicaily afford a bimodal distributon pattern
signifying the presence of aggregates (10-100 microns in size) and the presence of single amorphous
particles ranging 200-700 nm 1n median particle diameter

The suspension 1s immediately homogemzed (at 10,000 to 30,000 ps1) for 10-30 mnutes At
the end of homogen:zation, the temperature of the suspension 1z the hopper does not exceed 75°C
The homogenized suspension 1s collected m SO0-mL bottles, which are cooled immeduately n the
refnigerator (2-8°C) This suspension (Suspension B) 1s analyzed by light microscopy and 15 found
to consist of small elongated plates with a length of 0 5 to 2 microns and a wadth n the 0 2-1 micron
range See Figure 4 Dynamuc hght st attening measurements typically indicate a median diameter
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of 200-700 nm.

1
Figure 3 Amorphous particles pnior to homogemzation (Example 1)

o 2

Figure 4 Parnicles after annealing by homogemzahon

| “BIErasias " A 3 3,

(*Pre-suspension’”) (Example 1)

Duting mucroscopic ¢xaminaton of the aliquot of Suspension A crystalhization of the
amorphous sohd was dmectly observed Suspension A was stored at 2 8 °C for 12 hours and
examuned by hight microscopy Grass visual mspection of the sample revealed severe flocculation,

<
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with some of the contents settling to the bottom of the contatner Microscopic exammnation mq:cated
the prescence of large, clongated plate like crystals over 10 nutrons i length
Stability of Suspension B

As opposed to the mstability cf Suspension A, Suspeasion B was stable at 2-8°C for the
duration of the preliminary stability study (1 month) Microscopy on the aged samiple cleary
demonstrated that no sigmificant change in the morphology or size of the particles had occurred
This was confirmed by light scattering measurement.

Example 2 Preparation of itraconazole suspenston by use of Process Category 1, Method A with
ultrasonucation

To a 500-mL stainiess steel vessel add 252 mL of Water for Ijechon  Heat Liquid to 60
65°C, and then slowly add 6 6 grams of Pluromc F-68 (poloxamer 188}, and 0 9 grams of sodum
deoxycholate sturing after each addinion to dissolve the sohids After addition of sohds 1s complete
stur for another 15 mmnutes at 60-65°C to ensure complete dissolution Prepare a 50 mM trs
(tromethanune) buffer by dissolving 6 06 grams of tns 1n 800 mL of Water for Injection  Titrate thus
solution to pH 8 0 with 0 1 M hydrachioric acid Dilute the resultng solution to 1 hiter with
addibonal Water for Injection  Add 30 mL of the tris buffer to the poloxamer/decxycholate solution
Stir thoroughly to mix solutions

In a 30-mL container add 3 grams of 1traconazole and 18 mL of N-methyl-2 pyrrolidinone
Heat maxture to 50-60°C, and stir to dissolve sohids  After total dissolution 1s visually apparent, stir
another 15 munutes to ensure complete dissolution Cool rtraconazole-NMPE solution to room
temperature

Charge a synnge purnp with 18-mL of itraconazole solution preparcd 1n a previous step
Position a mechanical sturer into the surfactant solution so that the blades are fully immersed Cool
the contamer to 0-5°C by immersion 1 an 1ce bath  Using the synnge pump, slowly (1-3 mL/mm)
add all of the itraconazole solution to the stirred, cooled surfactant solution A sturing rate of at
least 700 rpma 1s recommended. Immerse an ultrasomicator horn in the resulting suspension so that
the probe 1s approxumately 1 cm above the bottom of the stanless steel vessel Somcate (10,000 to
25 000 Hz, at least 400W) for 15 to 20 mnute 1n S5-munute mtervals After the first 5-minute
sonication remove the ice bath and proceed with further sonication At the end of ultrasonication,
the temperature of the suspension 1n the vesscl does not exceed 75°C

The suspension 1s collected m a 500-mL Type [ glass bottle, which 18 cooled immeduately 1n
the refrigerator (2-8°C) Charactenistics of particle morphology of the suspension before and after
sonication were very sumlar to that seen m Method A before and after homogemzation (see Exarnple
1)

37
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Example 3 Preparation of itraconazale suspension by use of Ppocess Category 1, Method B with
homogenization

Prepare a 50 mM tnis (tromethamne) buffer by dissolving 6 06 grams of tris n 800 mL of
Water for lnjection Tatrate this solution to pH 8 0 with 01 M hydrochlonc acid Dulute the
resulting solution to 1 liter with addinonal Water for Injection. To a 3 L flask add 1680 mL. of
Water for Injectton  Add 200 mL of the tris buffer to the 1680 mL of water St thoroughly to mux
solutions

In a 150-mL beaker add 44 grams of Pluronmic F-68 (poloxamer 188) and 12 grams of sodium
deoxycholate to 120 mL of N-methyl-2-pyrrohidinone. Heat the maxture to 50-60°C, and sur to
dissolve solids After total dissolution 1s visually apparent stir another 15 munutes to ensure
complete dissolution To this solution add 20 grams of itraconazole, and stir untl totally dissolved

Cool the rtraconazole-surfactant-NMP solunon to room temperature.

Charge a syninge pump (two 60-mL glass synnges) with the 120-mL of the concentrated
itraconazole solution prepared previously Meanwhile pour the diluted ms buffer solution prepared
above 1nto a homogemzer hopper which has been cooled to 0 5°C (this may esther by accomplished
by use of a jacketed hopper through which refrigerant 1s curculated, or by surrounding the hopper
withice) Position a mechamcal sarrer mnto the buffer sclutton so that the blades are fufly rmmersed.

Using the syringe pump, slowly (1 3 mL/mon) add all of the itraconazole-surfactant concentrate to
the sturred, cooled buffer solution. A stiming rate of at least 700 rpm is recommended. The resulting
cooled suspension 1s immedhately homogenized (at 10,000 to 30 000 psi) for 10-30 munutes At the
end of homogemzation the temperature of the suspension m the hopper does not exceed 75°C

The homogemzed suspension 1s collected in S00-mL bottles which are cooled immediately
1n the refnigerator (2-8°C) Charactenishes of particle morphology of the suspension before and after
homogenization were very sumlar to that seen in Example 1, except that in process category 1 B, the
pre-homogemzed matenal tended to form fewer and smaller aggregates which resulted mn 2 much
smaller overall particle size as measured by laser diffraction, After homogemzation, dynanue light
scattenng results were typically identical to those presented in Example 1

Example 4 Preparation of itraconazole suspension by use of Process Category 1, Method B with
ultrasonication

To a 500-mL. flask add 252 mI of Water for Injection Prepare a 50 mM tnis (tromethamine)
buffer by dissolving 6 06 grams of tns 1z 300 mL of Water for Injectton  Titrate thus solution to pH
8 0 with 0 1 M hydrochloric acid Dilute the resulting solution to 1 Iuter with additional Water for
Injection Add 30 mL of the tris buffer to the water Str thoroughly to mux solutrons
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In a 30-mL bcaker add & 6 grams of Pluronic F-68 (poloxamer 188) and 0 9 grams of sodium
deoxycholate to 18 mL of N-methyl-2 pyrrohdimone Heat the mixture to 50-60°C, and stir to
dissolve solids After total dissclution 15 visually apparent, stir another 15 minutes to ensure
complete dissolution To this solutton add 3 0 grams of straconazole and stir untul totally dissolved.

Cool the itraconazole-surfactant-NMP solution to room temperature

Charge a synnge pump (one 30-mL glass synnge with the 18-mi of the concentrated
1traconazole solution prepared previously Posihion a mechamcal sturer into the buffer solution so
that the blades are fully immersed Cool the contamer to 0-5°C by immersion in an ice bath  Using
the synnge pump, slowly (1-3 mL/min) add all of the itraconazole-surfactant concentrate to the
stured, cooled buffer solation A stirring rate of at least 700 rpm 15 recommended The resultng
cooled suspension 1s smmedately somcated (10,000 to 25,000 Hz, at least 400 W) for 15-20
munutes, in S-munute mtervals  After the first S-munute somcation, remove the ice bath and proceed
with further somecation At the end of ultrasomication, the temperature of the suspension 1n the
hopper does not exceed 75°C

The resultant suspension 1s collected 1n a 500-mL bottle, which 1s cooled immediately 1n the
refngerator (2-8°C) Charactenistics of particle morphology of the suspension before and after
somucation were very sumlar to that seen in Example 1, except that in Process Category 1, Method B,
the pre-somcated material tended to form fewer and smaller aggregates which resulted m a much
smaller overall particle s1ze as measured by laser diffraction  After ultrasonucation, dynamuc hght
scattering results were typrcally identical to those presented i Example 1

B Examples of Process Category 2

Example 5 Preparation of itraconazole suspension (19%) with Q 75% Solutol® HR (PEG-660 12-
hydroxystearate) Process Category 2, Method B

Solutol (2 25 g) and 1traconazole (3 0 g) werc weaghed 1nto a beaker and 36 mL of filtered N

methyl-2-pyrrolidinone (NMP) was added This mixtore was stured under low heat (up to 40°C) for
approximately 15 munutes until the solution ingredients were dissolved The solution was cooled to
room temperature and was filtered through a 0 2.mucron filter under vacuum. Two 60-mL synnges
were filled with the filtered drug concentrate and were placed 1n a synnge pump The pump was set
to deliver approximately 1 mL/mn of concentrate to a rapidly stured (400 rpm) aqueous buffer
solutton The buffer solutron consisttd of 22 g/L. of glycercl in 5 mM ms buffer Throughout
concentrate addition the buffer solution was kept 1n an ice bath at 2-3°C At the end of the
precipitation, after complete addion of concentrate to the buffer soluton, about 100 mL of the
suspension was centrifuged-for 1 hour, the sopernatant was discarded The precipitate was
resuspended m a 20% NMP solution 1n water, and again centrifuged for 1 hour The material was
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dned overmight in a vacuum oven at 25°C  The dried matenal was transferred to a vael and analyzed
by X ray diffractometry using chromuum radiation {see Figure §)

Another 100 mL-akquot of the qucroprecipitated suspension was sonicated for 30 munutes at
20 000 Hz 80% full amplitute (folt amolitnde =600 W) The sonicated sample was homogemzed in
3 equal ahquots each for 45 mmutes (Aveshn C5 2 5°C 15,000-20,000 ps1) The combimed
fractions werc centrifuged for abou 3 hours the supernatant removed and the precipitate
resuspended 1n 20% NMP The resuspended muxture was centnfuged again (15,000 rpm at 5°C)
Ihe supernatant was decanted off anc the precipitate was vacuum dned overmght at 25°C  The
prectpitate was submutted for analysis by X-ray diffractometry (sez Figure 5) As seen mn Figure 5
the X-ray diffraction pattemns of processed samples before and after homogenization, are essentially
identical, yet show a sigmificantly different pattern as compared with the starting raw material The
unhomogenized suspension 15 unstabl and agglomerates opon storage at room temperature  The
stabilization that occurs as a result of homogemzation 18 believed to arise from rearrangement of
surfactant on the surface of the particle This rearrangement should result in a lower propensity for
particle aggregation

Figure 5 X-Ray diffractogram of micropreciputated itraconazole with polyethylene glycol-660 12-
hydroxystearate before and after homogemzation (Example 5)
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C Examples of Process Category
Examplc 6 Preparation of carbamazepine suspension by use of Process Category 3, Method A with
homogenization

2 08 g of carbamazepine was dissolved into 10 mL of NMP 1 0 mL of this concentrate was
subsequently dnpped at 0 I mL/min mto 20 mL of a stured solutton of 1 2% lecitun and 2 25%
glycenn The temperature of the lecsthin system was held at 2-5°C during the entwe addiion  The
predispersion was next homogenized cold (5-15°C) for 35 menutes at 15,000 ps1  The pressure was
mcreased to 23,000 ps1 and the homogemzanon was continued for another 20 minutes The particles

produced by the process had a mean diameter of 0 881 pm with 99% of the pacticles being less than
244 um

Example 7 Preparation of 1% carbamazepine suspension with 0 125% Solutol® by use of Process
Category 3, Method B with homogemzation

A drug concentrate of 20% carbamazepine and 5% glycodeoxycholic acid (Sigma Chemical
Co ) in N-methyl-2-pyrrohdinone was prepared The microprecipitation step mvolved adding the
drug concentrate to the recerving soluston (distilled water) at a rate of 0 1 ml/mun The receiving
solution was stirred and mantained at approxamately 5° C duning precipitation  After precipitation,
the final ingredient concentrations wers 1% carbamazepme and 0 125% Solutol® The drug crystals
were examined under a hight microscope using positive phase contrast (400X) The precipitate

consisted of fine needles approximately 2 microns in diameter and ranging from 50 - 150 microns 1n
length

Homogenization (Avestin C 50 piston-gap homogemzer) at approximately 20,000 ps: for
approximately 15 mnutes results m small particles less than 1 mucron wn size and largely
unaggregated. Laser diffraction analysis (Homba) of the homogenized material showed that the
particles had a mean s1ze of 0 4 micron with 999% of the particles less than O 8 rucron  Low energy
somcanon, smtable for breaking agglomerated particles but not with sufficient energy to canse a
commution of mdividual particles, of the sample before Honba analysis had no effect on the results
(ourmbers were the same with and without somcation) This result was consistent with the absence
of parucle agglomeration

Samples prepared by the above process were cenmfuged and the supematant solutons
replaced wath a replacement solution consisung of 0 125% Solutol®  After centnfugation and
supernatant replacement, the suspension ingredient concentrations were 1% carbamazepine and
0 125% Solutol® The samples were re-homogenized by piston-gap homogemzer and stored at 5°C

Afier 4 wecks storage, the suspension had a mean particle size of 0 751 with 99% less than 1 729

Numbers reported are from Horiba analysis on unsomcated samples
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Example 8 Preparation of 1% carbamazepine suspension with { 06% sodium glycodeoxycholate
and 0 06% poloxamer 188 by use of Process Category 3, Method B with homogenization

A drug concentrate compnsing 20% carbamazepine and 5% glycodeoxycholate in N-methyl-
2-pyrrohidinone was prepared The microprecipitation step wnvolved adding the drug concentrate to
the recerving soluton (distilled water) at a rate of 0 1 mL/mmn Thus, this and the following
examples demonstrate that adding a surfactant or other excipient to the aqueous precipitating
solution 1n Methods A and B above 1s cptionsl The recerving solution was stured and maintaned at
approxmmately 5° C during precipitation  After precipitation the final ingredient concentrations
were 1% carbamazepme and 0 125% Solutol® The drug crystals were exarmned under a Light
mucroscope using positive phase contrast (400X) The precipitate consisted of fine needles
approximately 2 microns m diameter and rangung from 50 — 150 mucrons 1n length  Companson of
the precipitate with the raw matenal before precipitanon reveals that the precrpitation step 1n the
presence of surface modifier (glycodeoxycholic acid) results in very slender crystals that are much
thinner than the starting raw material (see Figure 6)

Homogenization (Avestm C-50 piston-gap homogenizer) at approximately 20 000 ps1 for
approximately 15 mimutes results in small particles less than 1 mcron 1o size and largely
unaggregated See Figure 7 Laser diffraction analysis (Homba) of the homogemzed matenal
showed that the particles had a mean size of 0 4 micron with 99% of the particles less than 0 8
micron Somcation of the sample befo-e Horiba analysis had no effect on the results (numbers were
the same with and without somcabon) This result was consistent with the absence of particle
agglomeration

Samples prepared by the above process were centmnfuged and the supernatant solutions
replaced with a replacement solution consisting of 0 06% glycodeoxycholic acid (Sigma Chermical
Co ) and 0 06% Poloxamer 188 The samples were re-homogemzed by piston-gap homogemzer and
stored at 5° C  After 2 weeks storage, the suspension had a mean particle size of 0 531 mucron with
99% less than 1 14 micron Numbers reported are from Harba analysis on unsoncated samples
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Figurc 6 Carbamazepine crystals before homogemzation (Example 6)

Raw materal, before precipitation After precipitation

Figure 7 Carbamazepine microparticulate after homogeruzaton (Avestin C-50)

e 3 'T':‘,.*L'l s
A

Mathematical Analysis (Example 8) of force requured to break precipitated particles as
compared to force required to break particles of the starting raw matenal (carbamazepine)
The width of the largest crystals seen in the carbamazepine raw matenal (Figure 6 picture on
left) are roughly 10-fold greater than the width of crystals in the microprecipitated material (Figure
10 6, prcture onmght) On the assumption that the ratio of crystal thickness (1 10} 1s proportional to the
ratio of crystal width (1 10), then the moment of force required to cleave the larger crystal in the raw
matertal should be approximately 1,000-times greater than the force needed to break the
microprecipitated material, since
er = 6PLIEWK) Eq 1
15 where, )
eL = longitudinal strain requured to break the crystal (“yield value )
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P = load on beam

L = distance from lead to lulcrum
E = elasticity modulus

w = width of crystal

x = thickness of crystal

Let us assume that L and E are the same for the raw matenial and the precipitated matertal
Additionally, let us assume that w/w¢ = x/xg = 10 Then,
(eL)o = GPoL/(Ewoxy’) when the O subscripts refer to raw matenal
e = 6PL/(Bwx®) for the microprecipitate
Equating {ey)o and er.
6PLI(Ewx?) = 6PoL/(Ewoxg’)
After ssmplification
P = Po (wiwo) (x/x0)* = Po(01) (0 1)* = 0001 Py

Thus the yield force, P requured w break the mucroprecipitated solid 1s one thousandth the
required force necessary to break the starting crystalline sohd If, because of rapd precipitation
lattice defects or amorphic properties are introduced, then the modulus (E) should decrease, making
the microprecipitate even easier to cleave

Example 9 Preparation of 1 6% (w/v) predmsolone suspension with 0 05% sodmum deoxycholate
and 3% N-methyl-2 pyrroludinone Process Category 3, Method B

A schematic of the overall manufacturing process 1s presented in Figure 8 A concentrated
solution of predmsolone and sodium deoxycholate was prepared Predmisolane (32g) and sodium
deoxycholate (1g) were added to a sufficient volome of 1-methy! 2-pyrrohidinone {NMP) to produce
a final volume of 60 mL.. The resulting predmsolone concentrahon was approximately 533 3 mg/mL
and the sodium deoxycholate concentration was approximately 16 67 mg/mL.  60ml of NMP
concentrate was added to 2 L of water ~ooled to 5°C at an addition rate of 2 5 mI/min while sturing
at approxmnately 400 rpm  The resulting suspension contaned slender needle shaped crystals less
than 2 pm 1n width (Figure 9) The concentration contained i the precipatated suspension was 1 6%
(w/v} predsolone 0 05% sodium deoxycholate, and 3% NMP

The precipitated suspension was pH adjusted to 7.5-8 5 using sodium hydroxide and
hydrochlonic acid then homogemzed (Avestin C-50 piston-gap homogenizer) for 10 passes at 10,000
pst The NMP was removed by perfonmng 2 successive centrifugation steps replacing the
supernatant each time with a fresh surfactant solution, which contamed the desired concentrations of
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surfactants nceded to stabilize the suspension (see Table 2) The suspension was homogenized for
another 10 passes at 10 000 ps: The final suspension contamed particles with a mean particle size
of less than 1 um, and 99% of particles less than 2 um Figure 10 1s a photomucrograph of the final
predmsolone suspension after homogemization

5 A vanety of different surfactants at varymg concentratons were used m the
centnfugation/surfactant replacement step (see Table 2) Table 2 lists combinations of surfactants
that were stable with respect to particle size (mean < 1 pm, 99%< 2 um), pH (6-8) drug

concentration (less than 2% loss) and re-suspendability (resuspended 1n 60 seconds or less)

10 Figure 8 Diagram of Microprecipitation Process for Predmsolone (Examples 9-12)
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Notably thus process allows for adding the active compound to an aqueous diluent without the
presence of a surfactant or other additive. This 15 a modification of process Method B 1n Figure 2

15
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INgure 9  Photomicrograph of predmsolone suspension before homogemzation (Hoffman

Modulation Contrast, 1250X magmfication)

LAY

Figure 10  Photormerograph of prednisolone suspenmian after homogemzation (Hoffman

Modulaton Contrast, 1250X magrufication)
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Table2 Last of stable prednisolone suspensions prepared by microprecipitation process of Figure 8

(Example 9) '

2 Weeks 2 Months
Imibal 40°C 5°C 25°C 40°C

Formutation ean p99% Meanp99% Mean >99% Menn [>95% Mean >Y9% B Loss*
| 6% predmsolone 0 6%
phosphol:pds,

0 5% sodium deoxycholate, 5
mM TRIS

2.2% glycero] ** 079/165/084/179/1083]/186/082/278,082{193| 2%
1 6% predusolone 06%
Solutol®

0.5% sodium deoxycholate, 2.2%
giycerol 077(1.52 (079 1 670805(L 763(0 796(1 693/ 0 811 633| <2%
1 6% prednsolone 0 1%
poloxamer 188 0 5% sodium
decxycholate, 2.2% alveerol 064|116)| 082|178 [0696 1 385|0 758|1 69807191 473] 2%
1 6% prednisolone 5%
phospholipids 5 mM TRIS 2 2%
glycerol 0824 1 77| 087)193/088| 195108691 778/0909 1993 <2%

* Dfference 1n itraconazole concentration between samples stored for 2 months at 5 and 25°C
** Stable through at least 6 months
Particle sizes (by laser hight scattering), in microns
5°C 080 {mean), 17 (99%)
25°C 090 (mean) 2 31 (99%)
40°C 099 (mean), 2 03 (99%)
Dafference m itraconazole concentration between samples stored at 5 and 25°C <2%

Example 10 Preparation of predmisolone suspension by use of Process Category 3, Method A with
homogenizaton

32 g of predmusolone was dissolved into 40 mL of NMP Gentle heating at 40-50°C was
required to effect dissolution The drug NMP concentrate was subsequently dnpped at2 5 mL/mun
mto 2 hters of a sturred solution that consisted of 0 1 2% lecithm and 2 2% glycerin  No other
surface modifiers were added. The surfactant system was buffered at pH = 8 O with 5 mM tns buffer
and the temperature was held at 0° 10 5°C dunng the entire precipitanon process The post-
preciputated dispersion was next homogemzed cold (5-15 °C) for 20 passes at 10,000 ps1 Following
homogenization, the NMP was removed by centifugang the suspension, removing the supernatant,
and replacing the supernatant with fresh surfactant solution Thus post-centrifuged suspension was
then rehomogemzed cold (5-15 °C) for another 20 passes at 10,000 ps1  The particies produced by
this process had a mean diarbeter of 0 927 um with 9% of the particles beang less than 2 36 um.
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Example 11 Preparation of nabumetone suspeasion by use of Process Category 3 Method B wath
homogenizaton

Surfactant (2 2 g of poloxame; 188) was dissolved 1n 6 ‘rnL of N-methyl-2-pyrrolidinone
This solution was stirred at 45°C for 1> muinutes after which 1 0 g of nabumetone was added The
drug dissolved rapidly Diluent was prepared which consisted of 5 mM tns buffer wath 2 2%
glycerol and adjusted topH8 A 106-mL. portion of diduent was cooled in an ice bath The drug
concentrate was slowly added (appro amately 0 8 mL/mun) to the diluent with vigorous stnng
This crude suspension was homogemzed at 15 000 ps1 for 30 minutes and thea at 20,000 ps: for 30
mmutes (temperature = 5°C) The final nanosuspension was found to be 930 nm 1n effective mean
diameter (analyzed by laser diffraction} 99% of the particles were less than approxumately 2 6
microns

Example 12 Preparation of nabumetone suspension by use of Process Category 3 Method B with
homogemzation and the use of Solutol® HS 15 as the surfactant. Replacement of supernatant iquid
with a phospholipad medium.

Nabumetone (0 987 grams) wzs dissolved 1n 8 mlL of N-methyl-2-pyrrohdinone To thus
solution was added 22 grams of Solutol® HS 15 This muxture was strred until complete
dissolution of the surfactant in the drug concentrate Diluent was prepared which consisted of 5
mM tr1s buffer with 2 2% glycerol, and which was adjusted topH 8  The diluent was cooled tn an
ice bath and the drug concentrate was slowly added (approximately 0.5 mL/min) to the diluent with
vigorous stirnng  This crude suspension was homogenized for 20 omnutes at 15 000 pst, and for 30
munutes at 20 000 p=a

The suspension was centrifugid at 15 000 rpm for 15 munutes and the supernatant was
removed and discarded. The remamning solid pellet was resuspended mn a diluent consisang of 1 2%
phosphohpids Thus medium was equal 1n volume to the amount of supernatant removed m the
previous step The resulung suspension was then homogemzed at approximately 21,000 ps1 for 30
minutes The final suspension was analyzed by laser diffraction and was found to contain parncles
with a mean diameter of 542 nm, and & 99% cumulatnve particle distnbution sized less than 1
mIcTon

Example 13 Preparation of 1% itraconazole suspension with poloxamer wath particles of a mean
diameter of approximatety 220 nm

Itraconazole concentrate was prepared by dissolving 10 02 grams of itraconazole m 60 mL of
N methyl-2-pyrrolidimone. Heating to 70°C was required to dissolve the drug  The solution was
then cooled to room temperature A portion of 50 mM tristhydroxymethyl)armnomethane buffer

X%
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(tns buffer) was prepared and was pH adjusted to 8 0 with SM hydrochlonic acid  An aqueous
surfactant solution was preparcd by combiming 22 g/L. poloxainer 407 3 0 g/L. egg phosphatides
22g/L glycerol, and 3 0 g/L sodium cholate dihydrate 900 mL of the surfactant solution was mxed
with 100 mL of the tns buffer to provide 1000 mL of aqueous diluent

The aqueous diluent was added to the hopper of the homogenizer (APY Gaulin Model
15SMR-8TA) which was cooled by using anice jacket The solution was rapidly stured (4700 rpm)
and the temperature was momtored The 1traconazole concentrate was slowly added, by use of a
syninge pump, at a rate of approxunately 2 mL/min  Addition was complete after approximately 30
minute The resulting suspension was stured for another 30 munutes while the hopper was stll being
cooled m ag 1ce jacket, and an aliquot was removed for analysis by light microscopy any dynamuc
hight scatting The remmnng suspension was subsequently homogemzed for 15 munutes at 10 000
ps1 By the end of the homogemzation the temperature had nisen to 74°C  The homogenized
suspension was collected 1n a 1-L Type I glass bottle and sealed with a rubber closure The bottle
contaiming suspension was stored n a refrigerator at 5°C

A sample of the suspension before homogenization showed the sample to consist of both free
particles, clumps of particles, and multilamellar lipid bocies The free particles cotild not be clearly
visnahzed due to Browman motion, however many of the aggregates appeared to consist of
amorphous, non-crystalline matenal

The homogemzed sample ccntamed free submucron particles having excellent size
homogeneity without visible hipid vesicles Dynammc hght scattering showed a monodisperse
loganthmc size distribution with a median diameter of approximately 220 nm. The upper 55%
curmulative size cutoff was approxmmately 500 nm Figure 11 shows a companson of the size
distributron of the prepared nanosuspension with that of a typical parenteral fat emulsion product
(10% Intralipid®, Pharmacia)
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Figure 11 Companson of size distributions of nanosuspensions (this inventzon) and commercial Lat
emulsion (Example 13) ,
Example 14 Preparation of 1% itraconazole nanosuspension with hydroxyethylstarch

Preparation of Soluton A Hydroxyethylstarch (1 g, Ajinomoto) was dissolved 1n 3 mL of
N-mcthyl-2-pyrrolidinone (NMP) Tlus solution was heated 10 a water bath to 70-80°C for 1 hour
In another contaner was added 1 g of traconazole (Wyckoff) Three mL of NMP were added and
the mixture heated to 70-80°C to effect dissolution (approxumately 30 msnutes) Phospholipid
(Lipoid 5-100) was added to this hot solution Heating was continued at 70-90°C for 30 munutes
until all of the phospholipid was dissolved The hydroxyethylstarch soluton was combined with the
itraconazole/ phospholipid soluon  This mixture was heated for another 30 manutes at 80-95°C 10
dissolve the muxture

Addition of Solution A to Tns Buffer  Numety-four (94) mL of 50 mM
ms¢hydroxymethyl}amunomethane buffer was cooled 1n an 1ce bath  As the tns solution was being
rapidly stirred, the hot Soluhion A (ses above) was slowly added dropwise (less than 2 cc/manute)

After complete addition the resultng suspension was somcated (Cole-Parmer Ultrasome
Processor - 20 000 Hz, 80% amplimdr setting) while stll being cooled 1n the ice bath A one-mch
solid probe was utilized Somcation was continued for 5 mnutes The ice bath was removed, the
probe was removed and rctuned, and the probe was again ymmersed 1n the suspension The
suspension was somcated agaw for another 5 mnutes without the ice bath  The sonicator probe was
once again removed and retuned, and after immersion of the probe the sample was somcated for
another 5 minutes At this pomnt, the temperature of the suspension had nisen to 82°C The
suspension was quickly cooled again 1n an ice bath and when 1t was found to be below room
temperature 1t was poured wnto a Typ I glass bottle and sealed Microscopic visualization of the
particles indicated individual particle sizes on the order of one micron or less

After one year of storage at room temperature, the suspension was reevalnated for particle
size and found to have a mean diameter of approximately 300 nm.

Example 15 Prophetic example of Method A using HES

The present invenhon conternplates prepanng a 1% itraconazole nanosuspension with
hydroxyethyistarch utihzing Method A by following the steps of Example 14 with the exception the
HES would be added to the tus buf-er solution wmstead of to the NMP solution The agueous
solution may have to be heated to digsolve the HES

Fxample 16 Seeding dunng Homog=nization to Convert 8 Mixturs of Polymorphs to the More
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Stable Polymorph

Samplc oreparation An itraconazole nanosuspension whs prepared by a microprecipitaton-
homogemzation method as follows Itraconazole (3g) and Solutol HR (2 25g) were dissolved
36mL of N-methyi-2-pyrrolidinone (MMP) with low heat and stirring to form a drug concentrate
solution The solution was cooled to room temperature and filtered through a 0 2 xm nylon filter
under vacuum to remove undissolved drug or particulate matter The solutton was viewed under
polarized hght to ensure that no crystatline matenal was present after filtering. The drug concentrate
solution was then added at 1 0 mL/minute to approxumately 264 mL of an aqueous buffer soluton
(22 g/L glycerol in SmM tns buffer) The aqueous sclution was kept at 2-3%C and was continuously
stured at approximately 400 rpm duricg the drug concentrate eddition  Approximately 100 mL of
the resulting suspension was centrifuged and the sohids re-suspended 1n a pre-filtered solution of
20% NMP n water This suspension was re-centrifuged and the sohds were transferred to 2 vacuum
oven for overmght drymng at 25°C  The resulting sohid sample was labeled SMP 2 PRE

Sample characternization The sample SMP 2 PRE and a sample of the raw material
itraconazole were analyzed using powder x-ray diffractometry The measurements were performed
using a Rigaku MinuFlex+ tnstrument with copper radiation, a step size of 0 02° 26 and scan speed
of 0 25° 26/mimute The resultng powder diffraction patterns are shown m Figure 12 The patterns
show that SMP-2-PRE 1s sigmficantly different from the raw matenal suggesting the presence of a
different polymorph or a pseudopolymorph

Dafferential scanning calonmetry (DSC) traces for the samples are shown in Figures 13a and
13b Both samples were heated at 2%mun to 180°C 1n hermetcally sealed aturminum pans

The trace for the raw matenal itraconazole (Figure 13a) shows a sharp endotherm at
approxumately 165°C

The trace for SMP 2 PRE (Figure 13b) exhibats two endotherms at approximately 159°C and
153°C Thus result, 1n combination with the powder x-ray diffraction patterns, suggests that SMP 2
PRE consists of a muxture of polymorphs and that the predormuant form 1s a polymorph that 1s less
stable than polymorph present in the raw matenal

Further evidence for this conclusion 18 provided by the DSC trace 1n Figure 14, which shows
that upon heating SMP 2 PRE through the first transition, then cooling and reheating the less stable
polymorph melts and recrystallizes to form the more stable polymorph

Sceding A suspension was prepared by combiming 0 2g of the solid SMP 2 PRE and 0 2g of
raw matenal itraconazole with distlled water to a final volume of 20 mL (seeded sample) The
suspension was stured untl all the solids were wetted A second suspension was prepared mn the
samc manner but without adding the raw material itraconazole (unseeded sample) Both suspensions
were homogemzed at approximately 18 000 psi for 30 munutes Fmal temperature of the

i
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suspensions after homogenization was approximately 30°C The suspenstons were then centrifuged
and the sohds dnied for approxmmately 16 hours at 30°C

Figure 15 shows the DSC traces of the seeded and unsce‘dcd samples The heating rate for
both samples was 2%mtn to 180°C 1n hermetically sealed alummum pans [he trace for the
unseeded sample shows two endotherms, indicating that a mixture of polymorphs 15 stll present
dfter homogemzaton The trace for the seeded sample shows that seeding and homogemzation
causes the conversion of the solids to the stable polymorph  Therefore, seeding appears to influence
the kunetics of the transition from the less stable to the more stable polymorphic form

Fxample 17 Seeding duning Precipitation to Preferentially Form a Stabie Polymorph

Sample preparation An itraconazole NMP drug concentrate was prepared by dissolving
1 67g of itraconazole mn 10mL of NMP with stirring and gentle heating  The solution was filtered
twice using 0 2 pm synmge filters Itraconazole nanosuspensions were then prepared by adding 1 2
mL of the drug concentrate to 20 mL or an aqueous receiving solution at approx 3°Cand surning at
approx 500 rpm. A seeded nanosuspension was prepared by using a maxture of approx 0 02g of
raw matenal itraconazole i distilled water as the recerving solutton  An unseeded nanosuspension
was prepared by using distilled water only as the receiving soluhon. Both suspensions were
centnifuged, the supernatants decanted, and the sohds dned in a vacuum oven at 30°C for
approximately 16 honrs

Sample charactenzation Figure 16 shows a companson of the DSC traces for the sohds from
the sceded and unseeded suspensions The samples were heated at 2%/mm to 180°C 1n hermetically
sealed aluminum pans The dashed hne represents the unseeded sample, which shows two
codotherms indicating the presence of a polymorphic muxture

The solid hine represents the seeded sample, which shows only one endotherm near the
expected meiting temperature of the raw matenal, indicating that the seed matenal induced the
exclusive formation of the more stable polymorph

Exemple 18 Polymorph control by sesding the drug concentrate

Sample preparation The solubility of ttraconazole m NMP at room temperature
(approximately 22 °C) was expenimentally determned to be 016 g/mL. A 020 g/mL drug
concentrate solution was prepared by dissolving 2 0 g of itraconazole and 0 2 g Poloxamer 188 1n 10
mL NMP with heat and strming  This solution was then allowed to cool to room temperature to
yicld & supersaturated solutton A mucroprecipitation experument was immedrately performed 1n
which 1 5 mL of the drug concentrate was added to 30 raL of an aqueous solution contammng 0 1%
deoxycholate 2 2% glycerol. The agueous solution was mamtained at ~2 °C and a stir rate of 350
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rpm during the addinon stcp The resulting presuspension was homogemzed at ~13,000 pst for
approx 10 minutes at 50 °C ‘The suspension was then centrifuged, the supernatant decanted and
the sohd crystals dried 1n a vacnuum oven at 30 °C for 135 hours

The supersaturated drug concentrate was subsequently aged by storing at room ternperature
m order to induce crystallization  After 12 days, the drug concentrate was hazy, indicating that
crystal formation had occurred  Anitraconazole suspension was prepared from the drug concentrate
10 the same manner as m the first expertment, by adding 1 5 mL to 30 mL of an aqueous solution
contaimng 0 1% deoxycholate, 2 2% glycerol The aqueous solution was maintaned at ~5 °C and a
stir rate of 350 rpm dumng the addition step The resultng presuspension was homogenized at
~13 000 psi1 for approx 10 minutes at 50°C The suspension was then centrifuged the supernatant
decanted, and the solid crystals dnied 1 a vacuum oven at 30 °C for 135 hours

Sample charactennzation X-ray powder diffraction analysis was used to determine the
morphology of the dned crystals The resultng patterns are shown 1n Figure 17 The crystals from
the first experument (using fresh drug «oncentraie) were determuned to consist of the more stable
polymorph In contrast, the crystals from the second experument (aged drug concentrate) were
predominantly composed of the less stable polymorph, with a small amount of the more stable
polymorph also present. Therefore, 1t 1, bel:eved that aging induced the formation of crystals of the
less stable polymorph m the drug concentrate, which then acted as seed matenal durmg the
mucroprecipitation and homogemzation steps such that the less stable polymorph was preferentially
formed
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Figure 12 X-ray powder diffraction patterns for raw matenial atraconazole (top) and SMP-2-PRE
(bottom) The raw matenal pattern has been shifted npward for clanty (Example 16)
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Figure 14 DSC trace for SMP-2-PRE showing the melt of the less stable polymorph upon heating to
160 °C, a recrystallization event upon cooling, and the subsequent mejting of the more stable
polymorph upon reheating to 180 °C  (Example 16)
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Figure 15 Companson of SMP-2-PRE samples after homogemzation Solid line = sample seeded
with raw matenal itraconazole Dashed line = unseeded sample, The solid line has been shifted by
1 W/g for clanty (Example 16)
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Figure 16 Effect of seeding duning precipitation Dashed line = unseeded sample sohd Line =
sample seeded with raw matenial itraconazole The unseeded trace (dashed hine) has been shfted

5 upward by 1 5 W/g for clanty (Example 17)
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Figure 17 Effect of seeding the drag concentrate throngh agmg Top x-ray duffraction pattern 1s for
crystals prepared from fresh drug concentrate, and 13 consistent with the stable polymorph (see

10 Figure 12,top) Bottom pattern 1s for crystals prepared from aged (seeded) drug concentrate, and 15
consistent with the metastable polymorph (see Figure 12, bottom) The top pattern has been shufted
upward for clarity (Example 18)

Whule specific emboduments have been illustrated and described, numerous modifications
15  come to mund without departing from the spurit of the invention and the scope of protection 15 only
Limited by the scope of the accompanymg claims
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CLAIMS
What 1s claimed 1s )
1 A method for prepanng submucron s1zed particles of an organic compound, the solubility of

which 1s greater m 2 water-miscible first solvent than n a second solvent which 1s aqueous, the
process comprising the steps of

(1)  dissolving the orgamic compound m the water miscible first solvent to form a solut:on,
the first solvent bemng selected from the group consishng of N-methyl-2 pymrohidinone 2-
pyrmolidone dimethyl sulfoxide dimethylacetanude, lactic acid, methanol ethanol i1sopropanol, 3-
pentanol, n-propanol glycerol, butylene glycol, cthylene glycol, propylene glycol mono- and
diacylated monoglycenides, dimethyl isosortide, acetone, dimethylformamude, 1,4-dioxane,
polyethylene glycol, polyethylene glycol esters, polyethylene glycol sorbitans, polyethylene glycol
monoalkyl ethers, polypropylene glycol, polypropylene alguate, PPG-10 butanediol, PPG-10
methyl glucose ether PPG-20 methyl glucose ether, PPG-15 stearyl ether, propylene glycol
dicaprylate, propylene glycol dicaprate, propylene glycol laurate,
(u)  muxing the solution with the second solvent to define a pre-suspension and

(1) adding energy to the pre-suspension to form particles having an average effective
particle size of less than about 2 pm.
2 The method of claum 1 further compnising the step of

mixing into the second solvent a first surface modifier selected from the group consistng of
aniontc surfactants, cahonic surfactants, nomomg¢ surfactants and surface active brological modifiers
3 The method of claum 2 wherein the nomonic surfactant 1s selected from the group consisting
of polyoxyethylene fatty alcohol ethers, polyoxyethylene sorbitan fatty acid esters, polyoxyethylene
fatty acid esters, sorbitan esters, giycercl monostearate, polyethylene glycols, polypropylene glycols
cetyl alcohol, cetostearyl alcohol, stearyl alcohol, aryl alkyl polyether alcohols, polyoxyethylene-
polyoxypropylene copolymers, polaxamines, methylcellulose, hydroxycellulose, hydroxy
propylcellulose, hydroxy propylmethylceliulose, noncrystaline cellulose, polysacchandes starch
starch denvatives, hydroxyethylstarch, polyvinyl alcohol, and polyvinylpytroldone
4 The method of claim 2 wherein the amomc surfactant 1s selected from the group consisang
of potassium laurate, triethanolamine stearate, sodiam lauryl sulfate, sodium dodecylsulfate alkyl
polyoxyethylene sulfates, socium algiate dioctyl sodmum sulfosuccinate, phospbatidy! glycerol,
phosphat:dyl mnositol, phosphatidylsenine phosphatidic acid and thear salts glyceryl esters, sodium
carboxymethylcellulose, bile acids and therr saits cholic acid, deoxycholic acid, glycocholic acid,
taurocholic acid, glycodeoxycholic acid, and calcium carboxymethylcellulose
5 The method of claim 2 wherein the cattomc surfactant 15 selected from the gronp consisting
of quaternary ammomnium compounds, benzalkonum chlonde, cetyltnmethylammonium bromde,
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chitosans and lauryldimethylbenzylammonum chlonde

6 The method of claim 2 wheremn the surface active biological modifiers are selected from the
group consisting of albumun, casein, hepann, lirudin or other protetns

7 The method of claxm 2 wherein the first solvent 1s N-methyl-2 pyrrolidinone

8 The method of claum 7 wherein the anionic surfactant 1s a copolyrmer of oxyethylene and
oXypropylene

9 The method of claim 8 wherein the copolymer of oxyethylene and oxypropylene 1s a block
copolymer

10 The method of clmm 2 further compnsing the step of muxing into the second solvent a
second surface modifier

11 The method of ctaum 10 wherein the second surface modifier 15 selected from the group
consisting of amomc surfactants cationic surfactants, nomomc surfactants and surface active
biological modifiers

12 The method of claum 11 wheremn the second surface modifier 15 a bule salt or a salt thereof
13 The method of claim 11 wherein the second surface modifier 1s selected from deoxychohc
acid, glycocholic sord, glycodeoxychalic acid, taurocholic acid and salts of these acids

14 The method of claim 2 further comprising the step of adding a pH adjusting agent to the
second solvent

15 The method of claim 14 wherem the pH adjustmg agent 1s selected from the group consistmg
of sodiurn hydroxide hydrochlone acid, tns buffer citrate buffer acetate, lactate, and meglumune.
16 The method of clatm 14 wherem the pH adjustng agent 18 added to the second solvent to
bning the pH of the second solvent withun the range of from about 3 to about 11

17 The method of claim 1 further « ompnsing the step of

muxng imto the solutton a thurd surface modifier selected from the group consisting of anionic
surfactants, canonic surfactants, noniomic surfactants and surface, active biological modifiers

18 The method of claim 17 wheren the nomonic surfactant of the thurd surface modifier is
selected from the group consisting of polyoxyethylene fatty alcohol ethers, polyoxyethylene
sorbitan fatty actd esters polyoxyethylene fatty acid esters, sorbitan esters, glycerol monostearate

polyethylene glycols polypropylene glycols cetyl alcohal, cetostearyl alcohol, stearyl alcohol, aryl
alkyl polyether alcohols, polyoxyethylene-polyoxypropylene copolymers, polaxamnes

methylcellulose, hydroxycellulose, hydroxy propylcellnlose hydroxy propylmethyleellulose

noncrystalline cellulose, polysacchandes starch starch denvauves hydroxyethylstarch, polyvinyl
alcohol, and polyvinylpyrrohdone

19  The method of claum 17 wherein the amomc surfactant of the third surface modifier 15
selected from the group consisting of potassium laurate, tnethanolamine stearate, sodium lauryl
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sulfate, sodium dodecylsulfate, alkyl polyoxyethylene sulfates, sodium alginate, dioctyl sodiumn
sulfosuccinate, phosphatdyl glycerol, phosphatdyl inositol phdsphatdylserine phosphatidic acid
and their salts, glyceryl esters, sodium carboxymethylcellulose bile acids and their salts and calcium
carboxymethylicelluiose

20 The method of claun 17 wherewn the catiomic surfactant of the third surface modafier 15
selected from the group consisting of quaternary ammonium compounds, benzalkomum chlonde

cetyltnmethylammomum bromude, chutosans and lauryldimethylbenzylammonium chloride

21 The method of claim 17 wheremn the surface active biological modifiers are selected from the
group consistng of albumin, casemn, hepanin, hirudin, or other protems

22 The method of claim 17 wherein the first solvent 1s N methyl-2-pymrolidinone

23 The method of claim 22 wherein the third surface modifier 15 a copolymer of oxyethylene
and oxypropylene

24 The method of claim 23 wherewn the copolymer of oxyethylene and oxypropylene 1s a block
copolymer

25 The method of clum 17 further compnsing the step of muxing nto the solution a fourth
surface modifier

26 The method of clam 25 wherem the fourth surface modifier 1s selected from the group
consisting of antomic surfactants, catronic surfactants, nomomc surfactants and surface active
bioclogical modifiers

27 The method of clam 26 wheremn the fourth surface modifier 1s a nomome surfactant s
selected from the group consisting of polyoxyethylene fatty alcohol ethers, polyoxyethylene
sorbitan fatty acid esters, polyoxyethylene fatty acid esters, sarbitan esters, glycerol monostearate

polyethylene glycols, polypropylene gly cols, cetyl alcohol, cetostearyl alcohol, stearyl alcohol, ary!
alkyl polyether alcohols, polyoxysthylene-polyoxypropylene copolymers polaxammes

methylcellulose, hydroxycellulose, hydroxy propylcellulose, hydroxy propylmethylcellulose,
noncrystalline cellulose, polysacchandes, starch, starch denvatives, hydroxyethylstarch, polyvinyl
alcohol, and polyvinylpyrrohdone

28 The method of claim 26 wherein the fourth surface modifier 1s an amomc surfactant selected
from the group consistng of potassium laurate, tnethanolamne stearate, sodium lauryl sulfate,
sodum dodecylsulfate, alky! polyoxyethylene sulfates, sodium algnate, doctyl sodmm
sulfosuccinate, phosphandyl glycerol, phosphatidyl inositol, phosphaudylsenne, phosphatidic acid
and their salts, glyceryl esters, sodium carboxymethylcellulose, bile acids and their salts and calcium
carboxymethylcellulose

29 - — The method of claim 26 wherein the fourth surface modifier 1s & cationic surfactant selectcd
from the group consistng of of quaternary ammomum compounds, benzalkomum chlonde,

f“/vqrx
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cetylinmethylammonium bromde, chitosans and lauryldimethylbenzylemmonium chlonde
30 The method of claim 26 wheremn the surface active biological modafiers are selected from the
group consisting of alburmn casewn, hepann hurudin, or other imtems
31 The method of claim 17 further comprising the step of
rnuxmg into the second solvent a fifth surface modifier selected from the group consisung of
antonuc surfactants catiomic surfactants nomonic surfactants and surface active biological modifiers
32 The method of claim 31 wherein the fifth surface modifier 1s a nomomec surfactant selected
from the group counsisting of polyoxyethylene fatty alcohol ethers polyoxyethylene sorbitan fatty
acid esters polyoxyethylene fatty acid esters sorbitan esters glycerol monostearate polyethylene
glycols, polypropylene glycols, cetyl alcohol, cetosteary! alcohol, stearyl aleobol, aryl alkyl
polyether alcohols polyoxyethylene-polyoxypropylene copolymers polaxamines, methylcellulose,
hydroxycellulose hydroxy propylcellulose, hydroxy propylmethylcellulose noncrystalline cellulose,
polysacchandes, starch, starch dervatives hydroxyethylstarch, polyvinyl alcohol, and
polyvinylpyrrohdone
33 The method of claim 31 wherein the fifth surface modifier 15 an amomc surfactant selected
from the group consisting of potassium laurate, methanolamine stearate, sodmm lanryl sulfate
sodinm dodecylsulfate, alkyl polyoxyethylene sulfates, sodium algmate, dioctyl sodmum
sulfosuccinate, phosphatidyl gtycerol, phosphatidyl 1nositol, phosphatidylserme, phosphatidic acid
and ther salts glyceryl esters sodum carboxymethylcellulose bile acids and thear salts and calcum
carboxymethylcellulose
34 ‘The method of claum 31 wherein the fifth surface modifier 15 a catiomc surfactant selected
from the group comsisting of quaternary ammomum compounds, benzalkomum chioride,
cetyltrrmethylammonium bromude chitosans and lauryldimethylbenzylammomum chionde
35 The method of cleim 31 wherem the surface active biological modifiers are selected from the
group consisting of albumun casein hepann, hurudin, or other proteins
36 The method of clmm 31 wherein the first solvent 18 N-methyl-2-pyrrohdinone
37 The method of clam 36 wheren the fifth surface modifier 18 a copolymer of oxyethylene and
oxypropylene
38 The method of claim 37 wheren the copolymer of axyethylene and oxypropylene s a block
copolymer
39  The method of clam 31 further compnsing the step of mixing mto the solubon & sixth
surface modifier selected from the preup consisting of amomic snrfactents cationic surfactants
noniome surfactants and surface active brological modifiers
40  The method of claum 1 further compnsing the step of

muxing mnto the second solvent a phospholiprd

9{
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41 The method of claim 40 wherem: the phospholipid 1s selected from natural phospholipids and
synthetic phosphohipids '

42 The method of claim 40 wherein the phospholipid 1s selected from the group consisting of
phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, phosphatidylinositol
phosphatidylglycerol, phosphatichc acid, lysophospholipids egg phospholipid and soybean
phospholipjid

43  The method of claim 40 further comprising the step of mixing into the solution a seventh
surface modifier selected from an:onic surfactants catiome surfactants and non-ionc surfactants
44 The method of claim 43 wherein the nomonc surfactant of the seventh surface modifier 1s
selected from the group consising of polyoxyethylene fatty alcohol ethers polyoxyethylene
sorbitan fatty acid esters polyoxyethylsne fatty acid esters, sorbitan esters, glycerol monostearate,
polyethylene glycois, polypropylene glycols, cetyl alcohol, cetostearyl alcohol, stearyl alcohol, aryl
alkyl polyether alcohols, polyoxyethylene polyoxypropylene copolymers polaxamines,
methylcellulose, hydroxycellulose, hydroxy propylceilulose, hydroxy propylmethylcellulose,
noncrystalline cellulose, polysaccharides, starch, starch denivatives, hydroxyethylstarch polyvmyl
alcohol, and polyvmylpyrrolidone

45 The method of claim 43 wheretn the anmiomc surfactant of the seventh surface modifier 1s
selected from the group consisting of potassium laurate, trethanolamine stearate, sodium lauryl
sulfate, sodicm dodecylsulfate, alkyl polyoxyethylene sulfates sodmum alginate, dioctyl sodium
suifosuccinate phosphatidyl glycerol, phosphatidyl inos:tol, phosphatidylserie, phosphatidic acid
and their salts, glyceryl esters, sodium carboxymethylcellulose, bile acids and their salts and calcium
carboxymethylcellulose

46  The method of claim 43 wherein the cationic surfactant of the seventh surface modafier ts
selected from the group consisting of quaternary ammomum cc:mpounds benzalkonium chlonde,
cetylmmethylammonium bromide, chitosans and lauryldimethylbenzylammonnm chionde

47 The method of claum 43 wherein the surface active biological modafiers are selected from
the group consistng of albumun, casemn hepann hirudin, or other proteins

48  The method of claim 43 wherem the seventh surface modifier 1s a bile acid or a salt thereof
49  The method of claim 43 wherein the first solvent 1s N-methyl-2-pyrrolidinone

50  The method of claim 49 further compnsing the step of adding a phosphohpid to the second
solvent.

51 The method of clamm 50 wherein the phospholipid 1s selected from natural phospholpids and
synthetrc phospholipids

52 - -—The method of clatm 50 wheremn the phospholtpid 15 selected from the group consisting of
phosphatdylcholine, phosphatidylethanolamune, phosphattdylsenne, phosphatidylinositol,
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phosphatidylglycerol phosphandic acid, lysophospholipids egg phospholipid and soybean
phospholipid
53  The method of claim 50 further compnsing the step of ;mng mto the soluton an exghth
surface modifier selected from antome surfactants cationic surfactants and non ionic surfactants
54  The method of claum 53 wherein the nonionic surfactant of the eighth surface modifier 1s
selected from the group consisting of polyoxyethylene fatty alcohol ethers sorbitan fatty acid esters,
polyoxyethylene fatty acid esters sorbutan esters glycerol monostearate, polyethylens glycols, cetyl
alcohol cetostearyl alcohol, stearyl alcohol poloxamers, polaxamnes, methylcellulose,
hydroxycellnlose, hydroxy propylceliulcse, hydroxy propylmethylcellulose, noncrystalline cellulose
polyviny) alechol, and polyvinylpyrrolidone
35 T'he method of claim 53 wherewmn the amomc surfactant of the exghth surface modifier 15
selected from the group consisting of potassmm laurate triethanolamine stearate sodium lanryl
sulfate, sodium dodecylsulfate elkyl polyoxyethylene sulfates, sodmm alginate, dioctyl sodium
sulfosuccinate phosphatdyl glycerol, phosphatidyl mositol, phosphatdylsenine, phosphatidic acid
and therr salts, glyceryl esters, sodium carboxymethylcellulose, bile acids and therr salts and calcium
carboxymethylcellulose
56 The method of clarm 53 wherern the cationic surfactant of the erghth surface modifier ts
selected from the group consisting of quaternary ammonum compounds benzalkonmum chlonde,
cetyltmmethylammomum bromide chitosans and lauryldunethylbenzylammonium chlonide
57  The method of claum 53 wherein the surface active biological modsfiers are selected from the
group consisting of albumn casein ft pann, hirudin, or other protemns
58  The method of claim 53 wherein the eighth surface modifier 1s a bile acid or a salt thereof
59  The method of claim 58 whereun the first solvent 15 N-methyl-2-pyrrohdinone
60 A method for prepanng submicron sized particles of an organic campound, the solubility of
which 15 greater 1n a water-muscible first solvent than 1n a second solvent which 13 aqueous the
process compnsing the steps of

(1)  dissolving the organic compound 1n the water-mscible first solvent to form a solution
the first solvent bemng selected from the group consshng of N-methyl-2-pyrrolidinone 2-
pyrolidone dimethyl sulfoxide dimethylacetamude, lachc aced, methanol ethanol, 1sopropanal 3-
pentanol n-propanol, glycerol, butyleae glycol, ethylene glycol, propylene glycol, mono- and
diacylated monoglycendes, dimethyl 1s0sorbide, acetone dunethylformanmde 1 4-dioxane,ethyl
acetate propyl acetate, polyethylene glycol polyethylene glycol esters polyethylene glycol
sortatans polyethylene glycol moncalkyl ethers, polypropylenc glycol, polypropylenc algmnate
PPG-10 butanechol PPG-10 methy! glucose ether, PPG-20 methyl glucose cther, PPG-15 stearyl
ether propylene glycol dicaprylate, propylene glycol dicaprate, propylene glycol laurate
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(u) muxing the solution with the second solvent to define a pre-suspension wherein the
orgamc compound 15 1n an amorphous form a senmcrystalline fdrm or 1n a supercooled hquid form
as determined by DSC and having an average effective particle size and

(m) annealing the pre suspension to form particles having essentially the same average
effective particle size of the pre suspension and 1 a more stable form
61 The method of claim 60 wherein the annealing step includes the step of converting the
particles of the presuspension to a crystalline form as determmed by DSC
62  The method of claim 60 wherem the particles after the annealing step have a reduced
tendency to aggregate into larger partic'es when compared to the particles of the pre suspension
63 The method of claim 60 wherern the particles of the presuspension have an average effective
particle size of less than about 2 um.

64 The method of claim 60 wherein the particles of the presuspension have an average effechve
particle s1ze of from about 2 xm to about 50 nm

65  The method of claim 60 wherein the particles of the presuspension have an average effective
particle size of less than about 400 nm

66 A method for preparing submucron sized particles of an orgame compound, the solubility of
whuch 15 greater 1n a water-muscible first solvent than 1n a second solvent which 15 aqueous, the
process comprising the steps of

(1) dassolving the organ:c compound in the water mscible first solvent to form a solution, the
first solvent being selected from the group consisting of N-methyl-2-pymrohidinone 2-pyrrolidone,
dimethyl sulfoxide, dimethylacetamude, lactic acid methanol, ethanol 1sopropanol, 3-pentanol n-
propanol, giycerol, butylene glycol, ethylene glycol, propylene glycol, mono- and diacylated
monoglycendes, dumethyl 1sosorbide, acetone dimethylformamde, 1,4-dioxane, polyethylene
glycol, polyethylene glycol esters polyethylene glycol sorbitans polyethylene glycol monoalkyl
ethers, polypropylene glycol, polypropylene alginate, PPG 10 butanediol, PPG 10 methyl glucose
ether, PPG-20 methyl glucose ether, PPG-15 stearyl ether propylene glycot dicaprylate propylene
glycol dicaprate, propylene glycol laurate,

{u) mixing the solution with the second solvent to define a pre-suspension of particles in a
friable form, and

() adding energy to the pre-suspension to form particles having an average effective
particle 9:12c of less than about 2 pm.

67  The method of claim 66 further compnsing the step of

muxing mto the second solvent a first surface modifier selected from the group consisting of
antome surfactants, catomc surfactanis;~pomomc surfactants and biological surface active
molecules

56
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68 The method of claim 67 wherein the first solvent 1s N-methy! 2-pyrrohdinone
69 The method of claum 68 wherein the amonic surfactant 15 a copolymer of oxyethylene and
oxypropylene
70 The method of clasm 69 wherein the copolymer of oxyethylene and oxypropylene 1s a block
copolymer
71 The method of claim 67 further compnsing the step of mxing 1nto the second solvent a
second surface modifier selected from the group consishng of amomc surfactants catiomc
surfactants, noruomc surfactants and brological surface active molecules
72 The method of claim 71 wherein the second surface modifier 15 a bile salt or a salt thereof
73 The method of claxm 71 wherein the second surface modifier 15 selected from deoxycholic
acid glycocholic acid, glycadeoxycholic acid, taurocholic acid and salts of these acids
74  The method of clamm 67 further compnsing the step of adding a pH adjusting agent to the
second solvent
75 The method of claum 74 wherein the pH adjusting agent s selected from the group conststing
of sodam hydroxide hydrochloric acid, tnis buffer catrate buffer, acetate lactate and meglumne.
76  The method of clatm 74 wheremn the pH adjusting agent 15 added to the second solveat to
bring the pH of the second solvent withun the renge of from about 3 to aboutll
71 The method of claim 66 further compnsing the step of

muxang nto the solution a third surface modifier selected from the group consisting of
amone surfactants, cabhomc surfactants, nomome surfactants and biological surface active
molecules
78 The method of claim 77 wherein the first solvent 1s N-methyl 2-pyrrolkidinone
79 The method of clam 78 wheremn the third surface modifier 15 2 copolymer of oxyethylene
and oxypropylene
80 The method of claun 79 whereim the copolymer of oxyethylene and oxypropylene 1s a block
copolymer
81 The method of claim 77 further compnsing the step of mixing mto the solution a fourth
surface modifier selected from the group consisting of amomc surfactants, catomc surfactants
nonionic surfactants and biological surface achve molecules
82 The method of claim 77 further compnising the step of

muxing mto the second solvent a fifth surface modifier selected from the group consisting of

amomc surfactants catomc surfactants nomomc surfactaots and biological surface active

molecules
83  The method of claum 82 wherein the first solvent 13 N-methyl-2 pyrrohidinone.
84  The method of claim 83 wherem the fifth surface modufier 15 a copolymer of oxyethylene and
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oxypropylene
85 The method of claum 82 further compnsing the step Jf muxing 1nto the solution a sixth
surface modifier selected from the group consisting of amionic surfactants catomc surfactants,
nonionic surfactants and biological surface active molecules
86 The method of clasm 66 further compnsing the step of

muxing nto the second solvent & phospholipid
87 The method of claim 86 wherein the phospholipid 1s selected from natural phospholipids and
synthetic phosphohipads
88 The method of claim 86 wherein the phospholpad 18 selected from the group consisting of
phosphatidylcholine, phosphatidylethanolamme, phosphatidylsenne, phosphatidyhnositol
phosphatdylglycerol, phosphatdic acid, lysophospholymids, egg phospholipid and soybean
phosphohipid
89 The method of claim 86 further comprising the step of mixmng mto the solution a seventh
surface modifier selected from amomec surfactants, catiomc surfactants, non-1omec surfactants and
biological surface active molecules
90  The method of claym 89 wherein the seventh surface modafier is a bile acid or a salt thereof
91 The method of claim 90 wherein the first solvent 1s N-methy} 2-pyrrolidinone
92  The method of clmm 91 further omprising the step of adding a phospholipid to the second
solvent
93 The method of claim 92 wherein the phospholipid 1s selected from natural phospholipids and
synthetic phosphobpids
94  The method of claim 92 wherem the phospholipid 1s selected from the group consisting of
phosphatidylcholine, phosphatdylethanolamimne, phasphatdylsenne, phosphatdylhinositol,
phosphatdylglycerol, phosphatidic acid, lysophosphohpids egg phosphohmd and soybean
phosphohpid
95 The method of claim 92 further comprisng the step of mixing into the solution an e1ghth
surface modufier selected from antomc surfactants cationic surfactants, non-iomc surfactants and
biological surface active molecules
06  The method of claim 95 wheremn the eighth surface modifier 15 a bile acid or a salt thereof
97 The method of claun 96 wherem the first solvent 15 N-methyl-2-pyrrolidinone
98 A method for preparing a suspension of a pharmaceutically-acuve compound, the solubility
of which 15 greater 1n a water-muscible first organic solvent than m a second solvent which 15
aqueous, the process comprising the steps of

(1)  chssolving a first quantity of the pharmacentically-active compound 1n the water-
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ruscible first organic solvent to form 1 first solution

()  muxing the first solution with the second solvent to precipitate the pharmaceutically
active compound to create a presuspension, and

(m)  sceding the first solutton or the second solvent prior to the or the presuspenston after
the ruxing step
99 The method of claim 98 wherein the step of precipitating the pharmaceutically-active
cornpound comprses the step of precipitating the compound 1 a form selected from the group
consisting of a supercooled hqud, an amorphous particle a senucrystathne particle and a crystalline
particie
100  The method of claim 99 further compnising the step of adding cnergy to the presuspension
101  The method of claxm 100 wherein the adding-energy step compnses the step of subjechng
the presuspension to lugh encrgy agitaton
102  The method of claim 100 wheruin the adding-energy step comprises the step of adding heat
to the presuspension
103  The method of claim 100 wherean the energy-additon step comprises the step of exposing
the presuspension to electromagnetic energy
104  The method of claim 103 wherein the step of exposing the presuspension to electromagnenc
energy compnses the step of exposing the presuspens:on to a laser beam.
105 The method of claum 98 furthe: comprising the step of formung a desired polymorph of the
pharmaceutically active compound
106 The method of clam 105 whezen the step of seeding compnses the step of using a seed
compound
107  The method of claim 105 wherein the seed compound 15 the desired polymorph of the
pharmaceutically active compound
108  The method of claim 105 wheren the seed compound 1s a compound other than the desred
polymorph of the pharmacentically-active compound
109 The method of claim 108 wheretn the seed compound 13 selected from the group consisting
of an inert impurity and an organic compound with a structure sumular to that of the deswed
polymorph.
110  The method of clarm 105 wherein the seed compound 15 added to the first solution
111 The method of claim 105 wheren the seed compound 1s added to the second solvent.
112  The method of cla:m 105 wherein the seed compound 13 added to the presuspension
113  The method of claim 104 wheren the step of forming a desired polymorph comprises the
step of forming a seed compound 1n the first soluton
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114  The method of claim 113 whercin the step of forming the seed compound in the first solution
comprises the step of addmg the pharmaceutically-active compound i sufficient quantity to exceed
the solubility ot the pharmaceutically-active compound 1n the first solvent to create a supersaturated
solution

115  The method of claum 114 wherein the step of forming the seed compound 1n the first solution
further comprises the step of treating the supersaturated solution

116  The method of claim 115 wherein the step of treating the supersaturated solution compnses
the step of aging the supersaturated solution

117 The method of claam 116 wherein the secding step comprises the step of using
electromagnetic energy

118  The method ot claim 117 wheren the electromagnetic energy 1s dynamic electromagnetic
cnergy

119  The method of claim 117 wheremn the electromagnetic energy 1s a laser beam

120 The method of claum 117 wherern the electromagnetic energy 1s radiation

121  The method of claim 98 wherein the step of seeding comprises the step of using a parucle
beam.

122  The method of claum 98 wherein the step of seeding comprises the step of using an electron
beam.

123 The method of claim 98 wherem the step of seeding compnses using ultrasound

124  The method of claim 98 wherein the step of seeding compnises using a stabc electrical field
125  The method of claim 98 wherem the step of seeding compnises using a stahc magnetic field
126  The method of clasm 98 further compnsing the steps of formmg particles having an average
effective particle size less than about 2pm.

127 A composition of matter of a polymorphic pharmaceutically-active compound 1n a destred
polymorphic form essentially free of an unspecified polymorphic form

128 The composiion of clatm 127 wheremn the pharmaceutically-active compound 1s

itraconazole

P

2



A D10

0O 03/045330 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{19) World Intellectual Property Organization
Internanonal Bureau

(43) International Publication Date
5 June 2003 (05 06.2003)

PC1

| 1 0 GO A

{10) International Publication Number

WO 03/045330 A2

(51) International Patent Classificatron’

A6IK

{21) International Applcation Namber  PCI/JS02/38186

(22) International Filing Date
27 hovember 2002 (27 11 2002)

(25) Filing Language BEnglish

{26) Publication Language bnglish

{30) Priority Dnta

094995 403 27 November 2001 (27 11 .001) US

(71) Applicaot (for all designated Sates except US) THE
BOARD OF TRUSTEES OF THE UNIVERSITY OF
ILLINOIS [US/US] 352 Adwimstration Building 506
South Wnght Strect Urbana 1T 61801 (USY

(72) Inventors and

(75) Inventors/Applhcants (for US only} ONYUKSEL,
Havat [\JSATS] 4146 Claussen Avenue Western Springs
11 60558 (US) RUBINSTEIN Israel [IL,US] 2999
Lexinglon Lanc Ihghland Park IL 60035 (1)5)

(74) Agent WILLIAMS, Joseph, A., Jr Marshall Gerstein
& Borun 6300 Sears Tower 233 S Wacker Drive Chicago
IL 60606 6357 {US)

(81) Desigasted Stules (hational}) AR, AG AL AM Al Al
A/Z.BA BB BG BR BY BZ,CA CH CN CO CR CU
CZDEDK DM DZ EC FH I'S FI1 GB GD GIZ Gl
GMHRHUIDILINISJPKE KG KPKR K/ I1C
IKLRLSITIU IV MA MD MG MK MN MW
MX MZ,NO NZ,OM PH PI Pl RO RU SC SD SL
SG SI SK SI.TJ TM TN TR T1 TZ UA UG Us
1/ VOLVN YU ZA /M /W

(84) Designated States (regional) ARIPO patent (GII GM
KI. LS MW M/ SD SL, 8/ T7 UG /M /W)
Burasian patent (AM AZ, BY KG K/ MD RU 1) 1M
Ruropean patent (A1 BE BG CH €Y C7 DE DK Pl
HS Fl FR GB GR,IE IT 1U MC N1 PT SF SK
TR), OAP patent (BF BJ CF CG CI CM GA GN GQ
GW ML MR NI SN TD 1G)

Pubhshed
without insternational search report and to be republushed
upon receipt of that repart

For two-letter codes and other abbrevianions refer to the (ruid-
ance Notes on Codes and Abbreviations appearing at the begin-
ming of each regular ixsue of the PCT Careite

(54) Title MATI RIALS AND MITHODS FOR MAKING IMPROVLD MICELLE COMPOSITIONS

(57) Abstract Provided are methods of treatment of manv different diseases and disorders using micelle and sterically stabilisd

crystalhine compounds of the wvention



WO 03/045330 PCT/USH2/38186

10

15

20

25

30

bioactivity of the biologically active peptides in a manner which provides
improvements 1n the efficacy and duration of the biological effects of the associated
peptides Increased efficacy and duration of the biological effect 18 beheved to result,
at least 1n part, from interaction of the compound with the micelle 1 such a manner
that the compound attains, and 15 maintained 1n, an active or more active
conformation than the compound 1n an aqueous environment. The invention thus
overcomes the problems associated with previous iposomal formulations, such as,
but not limuted to, uptake by the reticuloendothelial system, degradation of the
compound, or delivery of the compound 1n an mactive conformation According to
one aspect of the present invention, polyethylene-glycol (PEG) 1s covalently
conjugated to DSPE and used to form polymenc mucelles which are then passively
loaded with VIP  The PEG-DSPE forms micelles wath a hydrophobic core consisting
of distearoyl phosphatidylethanolamine (DSPE) fatty acid chains which 18 surrounded
by a hydrophuhc “shell” formed by the PEG polymer

According to one aspect of the mventon, a method 18 provided for
prepanng a biologrcally active micelle product comprising one or more biologically
active amphipathic compounds 1n association with a micelle, said method comprising
the steps of a) mixing a combination of one or more Iipids wheremn said combmation
mncludes at least one lipid component covalently bonded to a water-soluble polymer;
b) forming stencally stabihized mcelles from sard combination of lipads, and c)
incubating micelles from step b) with one or more biologrcally active amphrpathic
compounds under conditions i which said compound become associated with sad
mucelies from step b) 1n a more biologically active conformation as compared to the
compound m an aqueous solution According to a further aspect of the invention, a
biologically active micelle product may be produced by the coprecipitation of a
brologically active amphipathic compound with ipids to form micelles with
mcubation not required Specifically, a method 1s provided of preparing a biologically
active micelle product compnsing one or more biologically active amphipathic
compound 1n associatron with a micelle, said method compnsing the steps of a)
muxing one or more lipids wherein said combination includes at least one lipad
component covalently bonded to a water-soluble polymer with a biologically active
amphipathic compound, b) forming stencally stabihzed mcelles from the mixture of
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glutamate-decarboxylase, GnRH / GL , keyhole limpet hemocyamn, leucin-
enkephalin, mesotocin, metiuomn-enkephalin, neurotensin, peroxydase, somatostatin,
substance P, vasopressm, and vasotocin The mvention also contemplates modulators
having enhanced bioactivity 1n association with micelles prepared by a method of the
mvention A particularly preferred peptide for use according to the mvention 1s VIP
In one aspect, micelles according to the invention are charactenzed by an average
diameter of less than about 20 nm. According to one aspect of the invention the
micelles further compnise calmodulin  The biologically active peptide products of the
invention may be utilized m a wide vanety of therapcutic, diagnostic, cosmetic and
organ, tissue and cell preservative uses wheren it 1s desired to deliver a high level of

brologically active compound or to detect targeted delivery of the micelle product as
will be descnbed below

In another aspect, the mvention provides methods for prepanng a
biologrcally active sterically stabilized crystalline product comprnising one or more
biologically active compounds which are insoluble m an aqueous solution, smd
method compnising the steps ot &) dissolving 1 an organic solvent smd biologically
active compound(s) and one or more hpids wherein at least one hipad 15 conjugated to
a water soluble polymer, b) removing the orgamic solvent to leave a dry film, c)
hydrating the dry film with an aqueous solution, and d) forming a stencally stabilized
crystalline product As used heremn and 1n subsequently described crystallme products
of the invention, ‘“insoluble” 1s defined according to the U S Pharmacopeia National
Formulary [USP 23, 1995, page 10], as requunng 10,000 or more parts of solvent for 1
part of solute The crystalline product of the method 1s essentrally a micelle-encased
aggregate of the msoluble compound which 1s densely packed and crystalized

In still another aspect, the wnvention provides methods for prepanng a
biologically active sterically stabilized crystalline product compnising one or more
biologically active compounds which are msoluble 1 an aqueous solution, said
method comprising the steps of  a) dissolving 1n an orgamc solvent said biologically
active compound and one or more hpids wheren at least one hpid 1s conjugated to a
water soluble polymer, b} freeze-drying to remove the organic solvent, c¢) hydrating
with an aqueous solution, and d) formung a stenically stabihzed crystalhne product

In still another aspect, the mvention provides methods for preparnng a
biologically active sterically stabihized crystalline product comprising one or more

20
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biologically active compounds which are msoluble 1 agueous solution and one or
more amphipathic targeting compounds, said method comprising the steps of  a)
dissolving 1 an orgamc solvent sad biologically active compound(s) and one or more
hipads wherein at least one hpid 18 conjugated to a water soluble polymer; b)
removing the orgamc solvent to lcave a dry film, ¢) hydreting the dry film with an
aqueous solution, d) forming slencally stabihzed crystalline products, €) combimng
said crystathne products with one or more targeting compounds, and £} ncubating
sa1d crystalline products under vonditions wheren the targeting compound(s)
associates with said crystailine roducts, said targeting compound conjugated to a
lipid of the micelle.

Methods of the 1nvention for producmg stenically stabihized crystalline
products are amenable to the use of any compound that 15 msoluble 1n an aqueous
solution Preferred insoluble compounds include, but are not hmted to, progesterone,
testosterone, estrogen, predmsolone, prednisone, 2,3 mercaptopropanol, amphotericin
B, betulimc acid, camptothecin. diazepam, nystatin, propofol, cyclosporin A,
doxorubicin, and pachtaxel (Taxol®), and tetramethyl NDGA In methods of the
mvention for producing stencally stabilized crystalline product further comprising
one or more targeting compounds, any targeting compound that assumes or mamntamns
a biologacally active conformation when 1n association with the stencally stabilized
crystalline product can be used. In a preferred embodiment, any of the amphipathic
compounds as descnibed above are utihized In a most preferred embodiment, the
targeting compound 18 VIP or other member of the VIP/GRF family or proteins In
other embodiments, the targeti.g compound can be hehospecting I or II or any
member of the neuropeptide famuly such as neuropeptide Y (NPY), neuropeptide YY
(NPYY), including neuropeptide fragments 2-36 and related fragments, ACTH,
calcitorun, GAP (GnRII precursor molecule), glutamate-decarboxylase, keyhole
Iimpet hemocyamn, leucin-enkcphalin, mesotocin, methuonin-enkephahn,
neurotensin, peroxydase, somatostatin, substance P, vasopressin, and vasotocin

Compos:tion compnsing the biologically active micelle product of the
mvention nclude those wherem the biclogically active umphipathic peptide, protein,
fragment, analog, or modulators thereof has an activity selected from the group
consisting of anti-oxidant activ.ity, anti-pamn, anti mnflammatory, wound healmg
activity, anti-microbial, antibronchospasm, metabohic activity, anti-cancer activity
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polymer and at least one biologically achive compound 1s a member of the
VIP/glucagon/secretin of IL-2 family of peptides including peptide fragments and
analogs, and b) formung stenically stabilized crystalline products In one
embodimment, medicaments of the invention nclude those wheremn n the method of
prepanng the stencally stabilized crystalline compound, mixing 1n step (a) 18 carned
out 1n an organic solvent, and forming crystelline products m step (b) 15 carmed cut 1n
a process compnsing the steps of (1) removing the organic solvent to leave a dry film,
and (u) hydrating the dry film with an aqueous solution, smd method further
comprising the steps of (¢) contacting said crystalline products with onc or more
targeting compounds, and (d) imcubating said crystalhine products under condittons
wherein the targeting compound(s) associates with said crystalhne producte In
another aspect, medicaments according to the nvention include those wherein 1n the
method of prepanng the stencally stabilized crystalhne compound, formung mn step(b)
18 cammed out m the steps compnising (1) removing the organic solvent to leave a dry
film and (n) hydrating the dry film with an aqueous solution

In one embodiment, medicaments of the mvention include mcelle
compositions or crystalline compounds wherem the water soluble polymer 18
polyethylene glycol (PEG) In another embodiment, medicaments of the mvention
mnclude use of mucelles having an average diameter of less than about 25 nm In still
another embodiment, medicaments of the mvention mclude micelle compositions or
crystalline compounds wheren the combmation of hpids consists of distearoyl-
phosphatidylethanolamine covelently bonded to PEG (PEG DSPE)

The mvention also provides a method of treating a pathology selected
from the group consisting of immune disorders, inflammatory condttions, and cancer
compnsing the step of admiustering to an ndividual suffening from the pathology an
amount of a micelle composition effective to ameliorate conditions associated with
the pathology, sexd micelle composition prepared by a method of comprising the steps
of

In still another aspect, the mvention provides a method of treating &
pathology selected from the group consistmg of Hashimoto's thyroidibis, permicious
anemia, Addison s disease, diabetes systemic lupus erythematosus, dermatomyos:its,
Sjogren's syndrome, dermatomyositis, multiple sclerosis, myasthema gravis, Reiter's
syndrome, Graves disease, inflammatory bowel disease osteoarthntis rheumatoid
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encapsulated agent SSM being more dynamic than liposomes may show superiority
to SSL with respect to drug release Polymers of the invention may thus include any
compounds known and routmely utilized in the art of sterically stabihized iposome
(SSL) technology and technologies which are useful for increasing circulatory half-
life for proteins, inchiding for example polyvinyl alcohol, polylactic acid,
polyglycolic acid, polyvinylpyrrohdone, polyacrylammde, polyglycerol, polyaxozlnes,
or synthetic hipids with polymeric headgroups The most preferred polymer of the
invention 1s PEG at a moleculzr weight between 1000 and 5000 Preferred liprds for
producing micelles according to the invention include distearoyl-
phosphatidylethanolamine covalently bonded to PEG (PEG-DSPE) alone or 1n further
combination with phosphatidyicholine (PC), and phosphatdylglycerol (PG) i further
combination with cholesterol (Chol) and/or calmodulin

Methods of the invention for preparation of sterically stabilized micelle
products or sterically stalhzed crystalhne products can be carried using various
techmques In one aspect, micelle components are mixed 1 an orgame solvent and
the solvent 1s removed using esther evaporation or lyopluhzation Removal of the
orgamec solvent results in a lipid film, or cake, which 1s subsequently hydrated using
an aqueous solution to permit formation of micelles The resulting micelles are mixed
with an amphipathic compound of the invention whereby the amphupathic compound
associates with the micelle and assumes a more favorable biologically active
conformation

In a more simplified preparation techmque, one or more hipids are
mixed 1n an aqueous solution after which the lip:ds spontaneously form micelles The
resulting mucelles arc mxed with an amphipathic compound which associates with
the micelle products and assumcs a more favorable brologically active conformation
Prepaning mucelle products by this method 18 particularly amenable for large scale and
safer preparation and requures a considerable shorter tme frame than methods
previously described The procedure 15 inherently safer in that use of organtc solvents

1s ebminated

In methods of the mvention for preparing sterically stabihzed
crystalline products, 1t 18 preferred that one or more hpid compounds are mixed 1n an
organic solvent with one or more msoluble compounds The organic solvent 15

removed either by evaporation or Iyophilization to provide a film, or cake The
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Sterically stabihzed crystalline products of the mnvention are
particularly useful for admumstration of anti-cancer agents For example, crystalline
products of the invention compnsing pachtaxel (Taxol®) as the insoluble compound
and VIP as the targeting agent can be targeted to breast cancer cells which are known
to cxpress lgher levels of VIP receptor than normal breast cells, or express receptors
with igher affimty of binding for VIP Pachtaxel (Taxol®) has been shown to

selectively kall breast cancer cells

Cosmetic uses for the micelle and crystalline products of the invention
mclude anti-aging , anti-wrnnkling, and antioxadant activities, as well asuse as a
sunscreen.

The present invention 18 further 1llustrated by way of the following
examples which used the following materials hpids L-a-egg yolk
phosphatidylcholine type V-E 1n chloroform methano] (9 1) (Lot # 34H8395, and
75H8368), L-a-egg yolk phosphatidyl-D-a-Glycerol in chloroform methanol (98 2)
(Lot # 72H8431, and 85H8395), and cholesterol (Lot #60H0476) from Sigma
Chemical Co (St Lows, MO) Di-Palmutoyl-phosphatidyl choline (Lot #L.P-04-01-
112-187) from Sygenal Ltd (Switzerland) PEG-DSPE m lyophuhized powder form
(Lot # 180PHG2PK-26) from Avanti Polar Lipids Inc (Alabaster, AL) Peptides
VIP (Lol # K02012A1, FO2018A1, and K02018A1), VIP fragment 1-12 (Lot #
HO05009T1), VIP fragment 10-28 (Lot # NB0222), and Vasopressin (Lot # SD1051A)
from Amenican Peptide Co (Sumnyvale CA) Other bio-products Bovine Bram
Calmodulin (Lot # B10537) from Calbhochem Intl (La Jofla, CA) ELISA assay kit
(Lot # 976605) from Penmsula Lahoratonies (Belmont, CA) Various chemicals
trehalose (Lot # 43H7060), 2,4-diaminophenol (amidol, Lot # 74H3652), ammonium
molybdate (Lot # 42H3506), sodium bisulfite (Lot # 41H09432), HEPES (Lot #
43H5720), and sodim chlonde (Lot # 22H0724) from Sigma Chemicals Co (St
Lows, MO) Sodrum dodecyl sulfate (Lot # 11120KX) from Aldrich Chemncal Co,
Inc Perchlonc acid 70 % (Lot # 945567) chloroform HPLC grade (Lot # 902521)
and potassium phosphate monobasic (Lot # 914723) from Fisher Sc1 (Pittsburgh,
PA) "Inflammanon” as used herein refers to a locahzed, protective response elicited
by mjury or destruction of tissues, which scrves to destroy, dilute or wall off
(sequester) both the injurious agent and the mjured tissue Inflarmmatton 1s notably
associated with mnflux of lenkocytes and or neutrophul chemotaxis Inflammation may
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1571 ABSTRAC1

In accordance with the present invontion there are provided
compositions and muthods uscful for the 1n viva dehivery of
substantially water insoluble pharmacolagically active
agents (such as the anticancer drug paclitaxel) i which the
phammacologically active agent 1s dulivered m the form of
suspended partickes coated with protuin (which acts as a
stabihzmng agent) In paricular protem and pbarmacotop

cally active agenl in a biocompatibh dispursing medium are
subjected to high shvar 1n the absunce of any conventional
surfactanis apd also in the abseme of any polymen cor
matenal for the partickes. The procudury yiclds particles with
a diameter of luay than about 1 mucron [l s of speuthe
composition and prepartion condions (L g addition of a
polar solvent 10 the vrganic phase) aml carcful selectnm of
the proper organic phase and phase Iraciion enables the
reproducible produciion of unusually small nanoparticls of
less than 200 nm diamuter which can be stenle filtered 1w
parliculaie sysem produced acourdmg, (o the mventum can
be converted nto a redispersible dry powder compnuing,
nanopanicles of water msoluble drug enaivd with a pmicin
and free protein to which molecules of the pharmacolopical
agent are bound s results in 2 unique delivery system m
which part of the pharmacologically aciive sgent s readily
hioavailable {m the form of molecules bound to the protein)

and part of the agent 18 prescnt within particles without any
polymernic matrix thurein

31 Claims, 2 Drawing Sheets
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Pharin Sc1 85 S (1996) The process v busad on dissoly
ing the drug (c . indomethacin) and the polymer (poly
caprolactone) 1n muthylene chloride and acetone and then
pounny, (he <olunion into an aquenus phase, conlamng, a
surfactant (Poloxamer 188) to yicld submicron size par
s (216 nm) §owever the process 18 perfonmed at
solvunt concentrabions at which nov cimulston 15 formed

BRIEF DESCRIPTION Ol THE INVEN1ION

Thus 1t 18 an ohject of this mvention 10 deliver pharma
cologically acuwe agents (e g taxol taxane Taxotere and
the Iike) in unmodified form in a composition that dees not
caust. allergic reactions due tn the presence of added emul
sificrs and solubilizing agents as arc currently employed n
drug, dulivery

It 15 a further object of the present 1ovention 13 dehver
pharmacologally schive agents m a compesition of micm
particles or nanoparticlcs, optionally suspended n 1 suilable
biocompauble hquid

It 1s yet another abject of the present mventuon to provide
4 muthod for the formation of submicron particles
(nunoparticles) of pharmacologireallv active apents by a
solvunt evaporalion techmgue from an 011 m water wmulsion
using, proteims as stabhang agents i the absencs of any
conventional surfactants and in the absence ol any poly
munic core malurial

Ihise and other objects of the nvention will become
apparunt wpon nview of the spucificaton and Janns

In sccordancs with the present invention we biave ds
covered that substantiallv water insoluble pharaiacologt
cally active agents can be delivered n the form ¢f mcro
partivhs or nanoparticles that are sutable for parenteral
admunistration 1n aqueous suspension  'us mode olidelivery
obviales the necussity for adminisiration of substantally
water insoluble pharmacologically active agents (¢ , taxol)
n an emulsion contamming for cxample cthanol and poly
ethoxylated castor o1l diluted 1n normal saline (see for
cxample Norion ¢t al 1n Absiracts of the 2nd Natonal
Cancer Institute Workshop on fuxol & Taxus Scp 23-24
1092} A disadvantage of such knawn composiion & their
propensity to produce allergic side cffects

Thus n accordance wath the prescot invenlion  here arc
provided methods for the formation of nanoparucles of
pharmacologically active ageots by a sulvent wvaporation
techmque from an o1l in water cmulsion prepared under
condmions of high shear forees (¢ g somcanon high pres
sure lumugeiization or the hike) wibout the us of any
canvuntional surtuclants, and without the usc ol nny poly
meric core malerial 10 form the matrix of the nanoparticle
Instead protcins (0 g buman scrum albumin) are employed
as a slabilizing agent

The inveation further provides a method for the repro
thicibly farmation of umuswally smafl nanoparticles (less
than 200 nm diamcter) which can be stenle filtered through
a (#22 micron filter Fins is achieved by addition of a water
soluble salvent (v, cthanol) 1 the orgame phase and by
carcfully selecung the type of oranic phese the phase
fraciion and the drug, concentration 1 the organic phase The
slulity tos form panoparticles of a sze that s filicrable by
022 micron filiers 15 of preat importance and sigmificance
sincv formulations which contam a sigmficant amount of
any protein {c g albumun) cannat be stenlized by conven
tional methods such as autoclaving due to th, heat coagn
lation of the protein

In accordanoe with znother embodiment of the present
invention we have descloped composiions useful for in
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viva delivery of substantially water insolnbile pharmacolag
callv active agents Invention compositions comprisw sub
stantially waler isoluble. pharmacologically active agenis
{as a solid or liquid) contained within a polymernic sholl The
polymenic shell 15 a crosslinked biocompanble polymer The
polymenc shell contaimng substantinlly waler insolubl.
pbharmacologically active agents therein can then be sus
pended 1n & bocompatible squeous hiquid lor admumsira
tion

The wvention further provides a drug dilrvery sysivm n
which part of the molecules of pharmacologcally active
agent are boumd to the protuin (¢ 3,  human sorum albunn)
and are thurefore immediately bioavailabk. upon admuinis
Iration 10 a mammal The ather portina of the pharmaco
logrcally active agent 1 contaned wilhin nanaparticles
coated bv protein The nanopariicles containing the phar
maculogically suhve apunl are presunl as 4 pum aclive
componcnl without dilution by any polymune meinx

A large number of conventional pharmacologically sctive
agents circulate m the blood stream bound to cacrier protuins
(through hvdrophiobi. or wnic mteractwns) of whech the
most common example 15 serum albumin Invention meth
ods and compositions produced thenchy proside for a phar
macologically active apent that 1s pre-bound (o a proiuin
{through hydrophobic or 1onKc interachions) prior 10 admin
istration

Ihe proent dewlosure demonsirates both of the above
described modes of bioavailability for Taxol (Paclitaxcl) an
anticancer drug capable of binding 1o buman serum slbumin
(v for example Kumar ot 2l i Rosenrcli Comananicn
tions in Chermcal Pathology and Pharmacology 80 337
(1993)) Ihe tugh concentration of albummn m wvention
parucles, compared ta laxul provides 4 sipmificam atnount
of the drug m the form of molecules bound to albumin
which 15 also the natural carner of the drug 1o the blood
siream

In addition advantage 15 taken of the capabilitv of human
serum albumin to bind Taxol as well as other drugs which
cnhances thy capability of Taxol 1o absorb on the surface of
the particles Since albumin 1s present on the collowdal drug
particles (formed vpon removal of the orgamic solvent)
formauion of & collndal dispersion winch w sable Tor
prolonged puniods 15 facilitated duc to s combmaton of
clectrical repulsion and sieric stabilization

In accordance with the present mvention there are also
provided submicron partwles i powder form which van
casily be reconshituted 1 waler or sahine Lhe powdor is
obtained afler removal of water bv lyophihzauon §uman
scrum albumim scrves as the structural component of Inven
hon nanoparticles and also as a cryoproivctant and recon
shnen ad The prepannion of paricles filicrable through
a 022 microq Gilter according, to the nvention method as
described herein followed by drying or lyophulization pro
duces a stenle sohd formulaton useful for niravenons
mjection

The invention provides, n a particular aspuet o compo
sition of anui-cancer drugs < g Taxol in the form of
nanoparicles 1o a liquid depersion or as a8 solid which van
be casily reconstiteted for admimstration Due to speciiic
propertics of certain drugs, ¢ g Iaxol such compositions
can nol be obtmncd by conventional solvent evaporalion
methods, 1hat rely oo the use of surtactants In the presonee
of various surfaclants very large drug crystals (e g sww of
about 5 microns to several hundred microns) are formed
within a fuw munutes of storage after the preparation
process The size of such crystals 1s typrcally much greater
than the allowed size for intravenous mjeciion
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w salime and acdmimstored Ky 2 frst grosp of 3 Spraguc
Dawley rats by mtravenoud bolus. A second group of 3 rats
were given Sandimmune 1V which contains Cre maphor;
Cibanel afier diluton n saline Cach group received the
same dose of 2 5 mp/kg  Blood samples were taken al times
05 15 30(mnouns)] 2 4 8 24 35 and 48 (bours) Levels
of cyclosponne 1n the blood won assayed by HPLC and
typacal PK purameters wone delcrmined The PK curves
showed typical decay over ume as follows

Decav Over Time
AUC mg b'ml Cmax, agml
Cupaunine [V 12228 2483
Sendunmuone [ v 7191 2,66

In addiien due to toxiuty of the Sandimmune 1V
formulation 2 of 3 rats in that group died withw 4 hours
afier dosing  Thus the nanoparticle formutation (C apsorine
1 V) according to the present invention shows a greater AUC
and no toxiaty comparcd 1o the commeraally avmlable
tormulation (Sandimmune | V)

LXAMPI L 25

Pharmacokinetic (PK) Data for Cvelosporine
Nanodroplels {Capsonne Oral) Iollowing Oral
Adminisireuon Comparison with Neoral (Currently
Marketed | ormulahon by Sandoz)

Nanodroplets of vyclspunine prepared above wern
admmstered 10 orange juice o a st group of 3 Sprague
Dawley rats bv oral gavage A second group of 3 Lats were
given Neoral a commerciallv available microemulsion for
mulanon contaimng cmulsifiers  after dilution m orange
Juice also by oral gavage Each group receaved the same
dose of 12 mgkg in an identical volume of orange juice
I3lood samples were taken at tmes O 5 15 30 (minutes) 1
2 4 8 24 36 and 48 (hours) Levels of cyclosponne 1n the
blocd were assayed by 11P1 C and typical PK parameters
were determiied The PK curves showed typical decay over
me as follaws

Decay Over lime
AUC mig-bi/ml Caax ngyml
Capsorine Oral 1195 8a7
Neoral 211 690

Ihus the nanodroplet formulation (Capsorine Oral) of the
present invention shows a similar PK behavior (o the com
murciaily availgble formulation (Neoral)

While the wivenunn has been described n detail wath
reference to certain preferred cmbodiments thercol 1t will be
understood that modifications and variations are within the
spint and scope of that which i desenbed and Clumed

Ihat which s claimed 15

1 A method for the preparation of a substanuiaily water
msoluble pharmacolopirally acine agent for in vivo
dulivery said method compnsing

subjecting a mixture comprnsing

an organic phase confaiming saw! pharmacologrcaily
active agent dispersd thercin and

aqueous medium contaimng biocompatible polymer

wherein s1ud muxture contans <ubstaunially no
surfactants, to high shear conditions in a hugh pres
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sure bomogenizer al o pressure m the range of about
3,000 up 1o 30,000 ps1

2 A methnd according 1o claim 1 further comprising,
removiny, said organic phase from said mixiure

3 A method according to claim 1 further comprising
romoving said agueous phase from said muxtun

4 A method sccording to clam 1 wherein said subsian
tially water (osolubic pharmacologically active agent 1s
sclected from a pharmaceutically active agent a diagnosiic
agent or an agent of nutrihonal value

5 A method according to claim 4 wheremn said pharma
ccutically active agent 18 sclected from the roup consisiing
of analgesicsf/antipvretics anestheties anuasthamatics
anuibiofics, antidcpressants antidsabeties, antiluny,al agents
antthyperiensive agents anti inflammatones
antincoplastics, antanxicty agenls immunosuppressive
agenis anthimgrane apents sedatives/hvpnolics antiangmal
agenis  anhipsychotic agenis anthimanic agents
antiarrhythmics  aphiarthritic apents  anhigoul apenis
anticoagulants, thrombolytic agents antifibrinolytic agents
humorhcologic agents anmtiplatelet agents anticonvulsants
antiparkinson agents, antimslamines/antipruritics, apents
usi.ful for calcium regulation antibacierial agonts, antiviral
agents, antimicrobals, anh infectives  bronchodialators
bormones hypoglycemic agents, hypolipidumic agents
protems  nucleic acds agents useful for crythropoiesis
stimulahion sotwlcer/antireflux agents antinauscants;
anuemeucs, oil soluble vitamins as well as muolane
visadine halonitrosoureas, anthrocyclines and ellhipticine

6 A nxthod accordimg to claim 4 whorun said pharma
ceuncally achive agent 5 an antineoplastic selechd from
adrismycin  cyclophosphamide  actincamvein  bleomyun
duanarubicin doxorubicin  epirubicin  mitomycin
methotrexate  fMluorouraal  carboplanin carmusiing
{HUNU) methyl CCNU cisplain  ctoposcic  interieron
campiothoun aod denvalives theeol pheousienne pach
taxel and dervatives thercal laxotere and durivatives
thereol winblasune vincnstine (amoxifn  ctoposide or
piposultan

7 A method according to claim 4 whenin sail pharma
ceutically aclive agenl 15 &n 1mmunosuppressive agenl
selected from cyclosporine arzathwopnne msonbine or
FKS06 {tacrolinus)

8 A method according lo claim 4 wheremn <aid diagnostic
agent 15 selected from ultrasound contrast agents radincon
trast agents, or maguelic conlrasi agents

9 A method according to claim 4 whunuin said agent of
nutntional value 1s selecled from amno acids, sugar
proteins carbohydrales fat soluble vitamunsy or fat orcom
binations of any two or more thervof

10 A method aceardmg to clmim 1 wheruin said organic
phasc has a bouing point of oo grealer than about 200° C

1t A method according to claim 10 wheruin sad organc
phase v selected (rom ~soyhean ol coconut sl ohve o
safflower o1l colton sced o1l sceame ail orange ol
limonene a1, shphatic cycloaliphatic ar aromatic hydrocar
hons having 430 carbon atoms aliphatee or acomatie aleo
hols having 2-30 carbon atoms, ahiphatic oy aromatic esters
having 2-30 carbon atoms alkyl aryl or cyclic cthers
having 2-30 carbon atoms, alkyl or aryl halwes having, 1-30
carbon aloms opuonelly having more than om. halogen
substituent kelooes having 3-30 carbon aloms polyalky
lene Llycol or combinations of any two or more thercofl

12 A method according lo claim 10 whuron said orp,amc
phase comprses 2 mixture of 3 substantiallv watr immis
cihle orpanic solvent and & water soluble orgamic volvent

13 A methad according to claxm 1 whetoin aad biocom
patible palymer is a naturally occurnng palymer a synthotic
polymer or a combinaton thercof

SN
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14 A muthod sccording to claim 1 wherein sawd Biocom
patble polymer s capable of being crosslinked by disulfide
bonds

15 A mcthod according to claim 13 wheren said naturally
occurring polymers are selected from proluins, puptides
polynuclewc acids polysaccharides proteoglycans or lipo
proteins

16 A method according, to clamm 13 wherein sawd syn
thetic polymers are selected from synthelic polyamino acids
contaimng cysteinc residues and/or disulfide group poly
vinyl alcohol modified to contain free sulfbydryl groups
andfor disulfide groups, polyhydroxyethyl mcthacrylate
modified 1o contain free sulfhydryl groups and/or disulfide
groups polyacrylic acid modified to contain free sulfhydryl
groups and/or disulfide groups, polyethyloxazoline modificd
o contan [rec sulthydryl groups and/or disulfide groups
polyacrylamide modified to contam frec sulfhydry! groups
andfor disulfide groups polyvinyl pyrrolidinone mochficd to
contain free sullhydryl groups and/or disulfide groups, poly
alkylene glycols modified to contan frec sulfhydryl groups
and/or disulfide groups polylactides polyglycohdes
polycaprolectones or copolymers thereof modified to con
tam free sulftiydryl groups andfor disulfide groups, as well
as muxtuns of any two or more thereol

17 A mcthod according to claim 1 wherein said high
shear conditions comprise contacting said organtc phase and
said aqueous medium 0 a high pressure homogenizer at a
pressure 1n the range of about 6 000 up 1o 25 000 psi

18 A method according to claim 1 wheremn said biocom
pauble polymer 15 the protemn albumin

19 A method according lo claim 1 whercn said aqueous
medium 15 selucled from waler buffercd agueous media
saline buffered sale solutions of amino acids solulions of
sugars solutions of vitamins, soluhions of carbohydrates, or
combinanons of any two or more thercof

20 A method accordmg to claim 1 wherun sad high
shear conditions produce particles comprising said pharma
cologically active agent coated with said biocompatble

polymcr
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21 Amuibod according (0 claim 20 wherin sad particlus
have an average diameter of luss than 1 micron

22 A method according to claim 20 wheruin said particus
have an average diameter of less than 200 nm

23 A method according to claim 22 whorein said mixtun,
ts sterile filtered

24 A method according to claim 20 wherein said particles
ar. amorphnus, crystaline or a mixture thureofl

25 A method according to claim 24 whorcin said particles
are substantially amorphous

26 A method for the preparation of a substantially waiwr
insoluble pharmacologically active agent for 1o vivo deliv
ery n the form of stunle filterable particles said method
comprising

subjecling a mixture compnsing
an orgamc phasc conlaiming said pharmacolopically
active agcnl dispersed thurein whurein saud organic
phase comprises 2 maxture of a substantially waier
imnuscible organie solvent and a water soluble
orpanic solvent and
zqucous medium containtny, brocompatble polymer
wherein said mixture cantains substantially no
surfactants, to hygh shear conditions 1in a high pros
surc homogemZer al a pressure m the range of about
3 000 up to 30,000 psi
27 A method according to claim 26 further comprisiny,
removing, said organic phase from sard mixture
28 A muthod according to claim 26 furthur compriving,
filtering saxd mixiure through a 0 22 mucron hilter
29 A muthod according 1o claim 26 furthur comprising,
removing said aqueous phase from said mixture
30 A muhod accorthng, to claim 26 wheruin samid high
shear condiions produce amorphous particles crysalline
paricles or a mixture thereof
31 A muthod according to claim 30 whorein said pariicles
an substanually amorphous

* ® ¥ = #
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