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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 48 de Ia
Decision 486 de [a Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 98-263 y 258
Folios 314-469 y 479

Reivindicaciones: Folios 254-257
Folios 476-478

Figuras Folios 259-264
Folios 470-475

Prioridad: US 60/757641 Folio 1

US 60/790381

2. Analisis de la Prioridad

2008-08-08
2008-08-22
2008-08-08
2008-08-22
2008-08-08
2008-08-22
2006-01-10
2006-04-07

Se acepta la reivindicacion de prioridad porque ésta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) v su contenido técnico corresponde con el de la prioridad

reivindicada. |
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3. Objeto de la invencion

Titufo de la solicitud: Sistema de administracién de plaguicidas. Folio 1.

Objeto de la invencién: El objeto de la presente solicitud de patente de invencion se refiere
a una micromezcla que comprende a) un compuesto anfifilico que contiene por 1o menos un
grupo hidréfobo y un grupo hidréfilo y b) un plaguicida.

El problema técnico planteado en la presente solicitud de patente radica en la necesidad de
disefiar una micromezcla que sea facilmente dispersable en agua y se mantenga estable.
Para solucionar ese problema técnico la presente solicitud plantea una micromezcla que
comprende a) un compuesto anfifilico que contiene por lo menos un grupo hidréfobo y un
grupo hidrdéfilo y b) un plaguicida.

El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de Patentes
(CIP). AOTN 25/186.

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

La relvindicacion 13 que se refiere a un método para controlar plagas corresponde a un
uso. Pese a que en su preambulo se reclama un método, dicho método corresponde al uso
de la composicion de interés para el control de plagas.

La etapa de “aplicar” se refiere a una aplicacion y un método cuya Unica etapa corresponde
a una aplicacion, se considera un uso, no protegido via patente de invencion.

En consecuencia, la reivindicacién 13 no es patentable de acuerdo con el articulo 14 de la
Decision 486.

5. De la solicitud de Patente

Reivindicaciones (articulo 30 D 486)

El capitulo reivindicatorio es demasiado amplio y no cumple con el requisito de concisién;
asimismo se considera una generalizacion que no se encuentra enteramente soportada en
la descripcion. En este sentido sirvase retirar las frases “por lo menos, sustancialmente,
mayor 0 igual, surfactante, polimero anfifilico, plaguicida” que no permiten definir
especificamente el objeto ni el alcance de la invencion. Se le recomienda ai solicitante que
limite el objeto de su invencion y defina especificamente cada uno de los componentes de
la composicion de interés.

Ahora bien, se le aclara al solicitante que una composicién debe ser caracterizada por sus
elementos constitutivos y no por lo elementos que no contiene, que en todos los casos
pueden ser tantos como se quiera. Asi entonces el solicitante debera retirar la frase “en
donde dicha micromezcla esta sustancialmente libre de agua y/o solvente orgénico
agregado” dado que no hace referencia a ninguna caracteristica técnica esencial de la
composicion de interés.

En consecuencia, el capitulo reivindicatorio no cumple con el requisito de concisidn,
claridad y sustento en la descripcion de acuerdo al art. 30 de Ia Decision 486.
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6. Determinacién del Estado de la Técnica

Considerando que la fecha de la solitud prioritaria 2006-01-10 se realiz6 la busqueda en el
estado de la técnica y se encontraron los documentos relacionados a continuacion que
pueden afectar la patentabilidad del objeto de la presente solicitud:

N? Docurmento Thtulo Fecha de publicacion

Process and apparatuses for preparing
o1 US2004/0091546 nanoparticle compositions with amphiphitic | 2004-05-13

copolymers and their use

Aqueous suspension of nanoparticlas
bz USE638994 comprising an agrochemical active 2003-10-28
ingredient

Las anterioridodes citadas se pueden encontror en las siguientes URL's:

D1:hitp://woridwide.espacenet.com/publicationDetaits/biblio ?CC=US&NR=2004091546A1 &KC=A1&FT=D&ND=3&date=20040513&D

8=EPODOC&Iocale=en EP

D2:http.//worldwide espacenet.com/publicationDetails/biblio ?CC=US&NR=(638994B2&KC=B2&FT=DAND=1&date=2003102238D8=
Blocale=en EP

El documento 1 divulga un procedimiento para obtener nanoparticulas a partir de
copolimeros anfifilicos. La formacion de nanoparticulas se induce mediante la mezcla de
copolimeros anfifilicos con al menos un disolvente capaz de cambiar la carga del medio
ambiente local molecular de los copolimeros anfifilicos. Opcionalmente, el proceso incluye
una molécula diana que se recubre 0 se coprecipita con el copolimero anfifilico.

La estabilidad de las nanoparticulas asi producidas es suficiente para el procesamiento
posterior para su uso en aplicaciones farmacéuticas, médicos o agricolas.

El documento 2 divulga una suspension de nanoparticulas, donde dichas nanoparticulas
comprenden un centro sélido que comprende: un compuesto anfifilico que contiene un
parte hidrofilica y otra parte hidrofdbica y un ingrediente activo Gtil en agricultura insoluble
en agua.

7. Analisis de patentabilidad (articulo 14 D486)

Nivel inventivo (articulo 18 D486)

La solicitud de patente en estudio presenta, segun la reivindicacién 1, una micromezcla que
comprende:

(a) Por lo menos un polimero anfifilico que comprende por lo menos un segmento
hidrofito que es un bloque de oxido de polietilenc y por lo menos un segmento
hidréfobo que es un bloque de éxido de polipropileno; y

(b} Un plaguicida que es sustancialmente insoluble en agua;

En donde dicha micromezcla esta sustancialmente libre de ‘agua y/o solvente organico
agregado.
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Comparacion de las caracteristicas técnicas esenciales

solicitud D1 02 |
una suspensién de nanoparticulas,
Una micromezcla que comprende: Una naneparticula que es una micromezcla donde dichas nanoparticufas

que comprende; i comprenden un centro solido que
comprenden:

(a) Por io menos un polimero anfifilico
que comprende por lo menas un
segmento hidrofilo que es un blogue
de oxide de polietilens y por lo
menos un segmento hidréfobo que
es un blogue de dxido de
palipropileno; y

Por lo menos un polimero anfifilico que
comprende por lo menos un segmento

hidréfilo gue puede cloque de éxido de

polietilenc y por o menos un segmento
hidréfobo que es un blogue de éxido de
polipropileno; y

un campuesto anfifilica que
contiene un parte hidrofilica y otra
parte hidrofdbica y

(b) Un plaguicida que es sustancialmente | una molécula blanco que puede ser un un ingrediente activo util en
insoluble en agua; ingrediente activo agricala agricultura insoluble en agua
En donde dicha micromezcla estd ) ) ) , -
. . fa micromezcla esta libre de cualquier las nano particulas estén libres de
sustancialmente ltbre de agua y/o solvente
solvente solventes

organico agregado.

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la invencién
definida en la reivindicacion 1 porque:

El documento D1 divulga una composicién en forma de nanoparticulas gue es una
micromezcla entre un polimero anfifilico y un agente activo que puede ser un compuesto
agroguimico [0013], [0059], [0060]. El polimero anfifilico es una copolimero anfifilico que
comprende una parte hidréfoba y una parte hidrofilica. Puede ser un copolimero de dos o
tres bloques que incluye compuestos del tipo oxidos de polietileno, poliestireno,
poiibutilarilato, entre otros [0050]-[0056]. El ingrediente activo mezclado es sustancialmente
insoluble en agua [0061] y el sistema solvente utilizado en el proceso de obtencién es
removido del producto final mediante cualquier proceso conocido [0063]. Asimismo indica
que las nanoparticulas obtenidas son estables y pueden ser formulados en cualquier otra
presentacion, manteniendo sus propiedades estables [0012].

La diferencia del documento D1 con la presente solicitud de patente radica en que D1 no
incluye un copolimero que comprenda 6xido polipropileno como componente del polimero
anfifilico.

No obstante, no se observa ningtin efecto técnico por incluir 6xido polipropileno como
componente del polimero anfifilico. Notese que las nanoparticulas de D1 tenian una buena
estabilidad y eran utilizadas para preparar formulaciones en polvo, granulos dispersables,
tabletas, poivos humectables, entre otras presentaciones.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se puede
formular asi: ;como modificar el copolimero anfifilico de las micromezclas en forma de
nanoparticulas de D1 para lograr una micromezcla alternativa?

Sin embargo, los copolimeros anfifilicos que incluyen un bloque de éxido de propileno, no
sOlo ya se habian descrito y eran ampliamente comercializados, sino que ademas tal como
lo enseria el documento D2, eran espacialmente Utiles en la formulacién de nanoparticulas
de ingredientes activos agroquimicos, por ejemplo herbicidas.

El documento D2 divulga una suspension de nanoparticulas donde dichas nanoparticulas
comprenden un centro sélido que comprende: un compuesto anfifilico que contiene un
parte hidrofilica y otra parte hidrofébica y un ingrediente activo Util en agricultura insolubie
en agua (reivindicacion 1). Dicho compuesto anfifilico puede ser un copolimero de blogue
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que comprende un parte de Oxido de polietieno y otra parte de 6xide de polipropileno

(ejemplos). Se incluyen ademas diversos ingredientes activos entre herbicidas, insecticidas
y otros.

En consecuencia, la persona del oficio normalmente versada en la materia tendria
sugerencia suficiente a partir del estado del arte citado para incluir un copolimero anfifilico
que contiene una parte de ¢xido de polietileno y una parte de dxido de polipropileno como
en D2 en la micromezcla de D1, para llegar asi al objeto de la reivindicacion 1 de la
presente solicitud. Por to cual se considera obvia.

Se llama la atencién del solicitante en cuanto a que la tecnologia de micromezcla estables,
que son posteriormente formuladas en ofra presentacién, ya se habia descrito en
cualquiera de los documentos citados y pese a que no se hace referencia especifica a
bifentrina, si sugiere que dicha tecnologia puede ser utilizada en la formulacion de
agrogquimicos. Asi entonces, que ahora se produzcan micromezclas con un ingrediente
activo determinado no se traduce en un salto cualitativo en la técnica, simplemente se esta
usando una tecnologia ya conocida para la formulacién de un ingrediente activo ya

conocido.

8. Conclusidn

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

N° | Documento N° Reivindicaciones afectadas Requisito que afecta
D1 | US2004/0091546 1-12 Nivel Inventivo
D2 | US5334585 112 Nivel inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificaciéon de la presente comunicacion. En caso de no
dar respuesta a!l presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo guinto del tituio primero de la Circular Unica N° 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C}

El anterior requerimiento fue notificado por fijacion en lista, de fecha

08 JUN. 2012
Elaborade por: Sandra Isabel Calderdn,
Revisado por: Jacqueline Alfonso oAt

Aprobado por: José Luis Salazar.
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PROCESS AN APPARATUSES FOR PREPARING
NANOPARTICLE COMPOSITIONS WITH
AMPHIPHILIC COPOLYMERS AND THEIR USE

RELATED APPLICATIONS

(00017 The present application ¢laims prierily from pend-
ing, provisional application 60:280.433 filed Mar. 30, 2001.
entitled “A Method tor Preparing Nanoparticle Composi-
tiens with Amphiphilic Copolvmers,” the entirety of which
I incorporaled by reference herein.

FIELD OF THE INVENTION

[0002] ‘I'he present invention relales 10 processes and
apparatuses for preparing compositions of small particles
[rom amphiphilic copolyvmers, oflen smaller than 100 nm,
capable of maintaining sufficient stability for post process-
ing or for trnsporting or largeting an additive target mol-
ecule. These particles arc referred to herein as “nanopar-
ficles.” When these particles contain an additive target
molecule, they arc often smaller than 1060 mo in diameter.
The process presents a means of conrolling the size of the
particles and can he used 0 mix various additives with
thenanoparticles for a wide range of uses,

BACKGROUND QF THE INVENTION

[0003] Nanoparticales can be used as micro-reacior ves-
sels, 0 madify the flow properties of materials, or for
delivery of pharmuceuticat, cosmetic or agricultural agents.
in addition, formasion of naneparicles with pulymers has
been used in various industrics 1o modify the miscible and
volatile properties of targel molecules. For instance, nano-
paniicles can he used 10 create a drug delivery sysiem for
therapeutic agents that are hydrophobie in nature and cannat
be adminisiered either orally or through intravenous injec-
tion because thev are pot water-seluble. Such therapeutic
agents can be incorporated inta nanoparticles dispersed in an
aqueous soluiinn resulling 10 a compasition that is suitable
for injection, inhalation, or oral administration. In addition,
the panicles can be made small enough for filrration puri-
ficalion and 10 assure that the nanaparticles will not ¢log
capitlaries or alveoli. Also, smaller pariicles can enbance
transfer rales w e body ar fuliape due 1o the assoctated
mcrease 1n the surface area per volume,

[0004] Some polvmers have been found 10 be mucoadher-
ents or have been shown o bind preferentially to mucosal
limings in vitra. Onc such palymer contains polyacrylic acid
(“PAA"), which is considered an appropriate vehicle for oral
adminisiration becanse when presented on the surface of a
nppoparticle {1 demonstrales adberence o Lhe gastrontesti-
nal tract and can improve drug delivery in the lower intes-
tinal tract. PAA also demonstrates a high non-covalent
affinity for vaginal mucaosal lining. Mucoadhesive propertics
0 a drug couling can be used 10 tlargel a highly potent or
water insoluble drups o a targeted area in the patient, By
targeting the drug 1o amucosal lining. a lower dose may be
administered with the same (herapeutic offect. Lo addition,
an aliered water snlubility of a drug should increase its
bioavailability,

[0008]  Additional pelymers that aic mucoadherents and
are potenital components {0 pharmaccutical formutations
include  polv(¢l-glucosamine]. poly(d-ghicaronic  acid-N-
avelylglucosamine). palviN-isopropylacrylamide), polv(vi-
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nyl amine), andl poly{methacrylic acid). “Mucoadhesion of
polvsiyrene nanoparticles having surface hydrophilic poly-
meric chains it the yastroinesing] tract ™ nrernationa Jour-
nal of Pharmacentios 177 (1999) 161-172. “Bioadhesiun
Technologies tor the delivery of Peptide and Protein Drugs
Lo the Gastrointestinal Tract"Critical Reviews in Thereapon-
tic Drug Carrier Systems 11{2&3):119-160 (1994), “pH-
Dependant  Dissolving  Nuno- snd  Microparticles  for
improved Peroral Debivery of o Highly iipophilic Com-
pound in Dogs"AAPS PharmSei 2001: 3 (1) article 8.

[MONA]  Polyethylene oxide ("PEO™) 15 anothee desirable
compound for wse i pharmaceutical compositions. For
example, hiposomes with PEQ on the exicrior surface have
been shown useful to prelong blood circulation lifetimes.
decrease the rate of uptake into the monenuclear phagacvie
syslem, and allow crossing in vive biological barriers. PEO
liposomes also have been shown o decrease the wxicily and
increase the stability of an adminisicred drug. “Interaction of
PEG-Phospholipid Coenjugates with phospholipid implica-
tioa in the Liposomal Dug Delivery, " Advanced Drug Deliv-
ery Reviews, 16:235-247 (1995). “Long Circulating {steri-
cally stabilized) Liposomes for tarpeted drug delivery,” 1105
15:215-2200 (1994).

[0007] The formation af nanopanicles has been achieved
by various methods. Nanoparticles can be made by precipi-
tating a molecule in a water-miscible solvent, and then
drving and pulverizing the precipitate ta torm nanoparticles.
(.5, Pat. No. 4,726,955). Similar 1echnigues Lor preparing
nanoparticles for pharmaceutical preparations include wet
grinding or milling. Other methods include mixing low
concenirations of polymers dissolved in a water-miscible
solution with an agueous phase w aller the tocal charge of
the solvent and form a precipitale through conventional
mixing technigues, (U.S, Pal. No 5,766.635). Other methods
include the mixing of copolvmers in organic solution with an
aquenus phase comaining a colleid protective agent ar a
surfactant lor reducing surface tension. (ther methods of
incorporating additive therapeulic agents into nanoparticles
for drug delivervy require that nanoparticles be treatgd with
a liposome ar surfactant betore drug admimstration (U.S.
Pat. No, 6,117,454),

[0008] Typically, current methods for forming nanopar-
ticles by precipilation demonsirate lille or no contral of
particle size and show poor vields. Uncontrolled and unpre-
dictable particle size is particulasly disadvantageous in the
[ormativn of pharmacentival and sgricultural products. Fur-
thermore, large scale production of panoparticles using
established methods can be quite costly due 1o the low
cancentration of polymer initially introcluced into the pro-
cess solvent prior 10 nanoparticle praduction. Finally, many
production techaiques such as miling or wet grinding intro-
duce the possibility of contamination into the final product.

[0009] 1n addition, mcthods for faorming nanoparticles
with addilive larget maleciles contained within the nano-
particle typically have been performed wilh additives at very
low ratos compared with copolvmer and at low absolute
conceniration. Therefore, the fraction of additive targel
molecule per nanoparticls 3 mimimal, and the cost of
production is high Lowering the ralic ol copolvmer (o
additive target molecule 1s desirable to inercase the number
of resulling nanaparncles that enntain additive targer mal-
ceule and the amount ol addilive targel molecules containel



US 2004/0091546 Al

within the nanoparticles as well as reduce the amount of
initial copolvmer needed 1o create thess nanoparticles.

[0010] For the foregoing reasons. there i a need for z
process of crealing nanoparticles with copolymers in which
the size of the resulting nanoparticle can be predicted and
conirolled, additives can be incorparated inlo the nanopar-
ticle at @ high yvield. and the amount of copolymer initially
needed is reduced. Furthermore, there is 2 long felt need for
a process of producing nanaparticles at a high concentration
and in which the napoparticles praciced can be harvested
easily and with a high vield.

SUMMARY O1F THE INVENTION

[0011] The present invention is dirceted 10 a process and
apparatuses for carnving out that process in which aanopar-
licles are created from ampbiphilic copolymers st a predict-
able and controlled size amd vield. The formation of nano-
particles 1s induced by mixing at least one process solvemt
comprising amphiphilic copolvmers with at least one non-
process snlvent capable of changing the charge of the Incal
molecular environment of the amphiphilic copolymers.
Qptionally, the provess solvent(s) or nun-process solveat(s)
can confain an additive target molecule useful for a specific
indication which can be coprecipilated or coated with the
amphiphilic copolymer. The process solvent or non-process
solvent can also contain supplemental additives useful for
the production or subsequent use of the nanoparticles.

{0012] ‘I'he apparatuses for carrying oul the processes
disclosed herein use a conirolled mixing velocity in either a
bawch or continuous configuration [or introduction ol Lhe
process solvent and non-process solvent streams. The 1niro-
duction of the process streams into these mixers allows a
“lash™ precipilation 1o occur vielding nanoparicles. The
aanoparticles procduced exhibit sufficieni stabilitv for post
processiag for use in pharmacewical. medical, or agricul-
tural applications.

[0013] The process of mixing molecules of initially sepa-
rate fluids io homogeneity is called “micromixing.” The time

710 achicve homogencity is identificd by the characteristic-

micromixing time 1, or simply the mixing time. Copolymer
precipitation oceurs in a finile time, which is identified as
1, aud the characteristic Lime for targel molecule, an erganic
active, precipitaiion is designated as t,,. The mixing time is
eontrnlled by the physical operation of the mixer and the
precipitation times are controlled by the initial choices of
compositions and conditions for mising and the composi-
lions cxisting and conditions a1 the molecular level during
the mixing process.

{0014]  The ratio al gach of these times van eflect the size
and vield of the micro- or nunoparticles produced. Murcant
and Navid have shown the rate at which the rwo fluids are
micromixed can control the resulting particles sizes in
precipilation. Marcant and David. Experimenial-GEvidence
for and Prediclion of Micromrxing Effects in Precipilation.
AIChE Journal 37(11): 1698-1710 (1991). In the casc of
nanaparticles, the same principles can apply, bui due 1o the
very small size of nanoparlicles, The process oeeurs very
fast, esseotially in a “flash.” A mixer that is sufficiently fast
10 reduce the mixing tme. 1., of the fluids 10 below the
precipitation times, T, and T,,. can critically effect the
PrOCESS.

IRE
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[0015] In the present invention, micromixing is achicved
by using either a continuous flash mixer or a baiwch flash
mixer. The flow rale, temperature, and pressure af cach
strewm enlering or in the mixer can be controtled. Addition-
ally, a cemtripedal mixer can be used for flash precipitation of
nanaparticles from amphiphilic capolymers.

[0016] In a continuous (lash mixer al Jeasi one process
solvent and al least ane non-process solvent are continually
added to a mixing vessel through inlet twbes. The resulting
mixture is remaved from the mixer for a periad of time
under a sieady staie condition. In one embodiment, the
process solvent(s) and a non-provess solvent(s) are intro-
duced into a mixing wesscl through scparate inlet tubes. The
tubes are iniroduced in a confined region where intimate
mixtng of (he stream can eccur rapidly and locally mix io the
ratie they were charged. The confined region is enclosed and
beneficiul 1o enhancing the mixing. In anuther embodiment
the contined region is open and the sircams are directed
substantially lowards one another 1o lagiliiate rapid or
caniralled mixing or are in the presence of a mechanical
agitator Io facilitaie rapid or controlled mixing.

[1017] In a baich flash mixer, the non-process salvent is
placed in a mixing vessel. The process solveni(s) and any
additional non-process solveni(s) are introchuced inio a mix-
ing wessel comlaining the qon-process solvent through at
least one inlet wbe ai a controlled flow rate and wmperature.
In a baich flash mixer, the process is not a1 steady state and
the centents of the mixer are continually changing as solvenl
stream(s) is added to the baich. The batch is completed after
lhe sobvent streams have becn added. In one embodiment,
the added solvent stream(s) is introduced in a region near a
mechanical agitator, where the mixing velocity is the great-
est o1 is most ensily controlied, This point of introduction
could also be a confined portion of the mixing vessel. such
as in a recycle loop. An agitator is not required if the fluids
added inw the non-solvent have a high mixing velocity
sulficient to mix the Huid contents rapidly and in a controlled
fushion.

[0018] Nanoparticles can he formed by dissolving an
amphiphilic copolymer in a process salvent at a concentra-
tion of at least 0,165 by weight, but prelerably the concen-
trution of copalvmer is at least 0.2% by weight. Examples of
amphiphilic copelvmers include but are not limited to block
copolymers, graft copolymers. and random copolyvmers that
inchucle both hydrophobic and hvdrophilic regions within the
same copolvmer. The process solvent includes, but 1s nol
limited 0. alcohols and ethers. The process solvent can be
heated or pressurized or both 1o facilitate disselution of the
amphiphilic copoivmer, depending on the dissolution char-
acteristics of the capalvmer in the solvent, Upos micromix-
ing the process solvent containing the amphiphilic copoly-
mer with a non-process solvent, the amphiphilic character ol
the copolvmer becomes apparent and either the hydraphobic
portion er the hydrophilic pertion of the copolymer can no
longer exist in Lhe soluble state, and thus precipitales. The
scluble portion ol the amphiphilic copolymer alfords sieric
or steric and clectrostatic stahilization of the nanoparticles
sufficicnt for posi processing or harvesting.

[0019] Io cne embodiment of the present inveation, addi-
tive targe! molecules can be added to the amphiphilic
capolymer in the process sclvent. Upon creation ofnanopar-
ticles with the amphiphilic copolvmer, ithe adclitive target
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molecules will be incorporated in the nanaparticle, Additive
targel molecules that are poorty soluble in the non-process
solvent are coprecipilated, coated, encapsulated, or conlmed
as u particulate core and stabilized by the amphiphilic
copolvmer. The manoparticles maintain a small and stable
size for a time sutficient for post processing. The addirive
targel molecules can he organic actives uvseful for a phar-
muceutical indivation and poorly soluble in aqueous sva-
lems. Amphiphilic copolymers and the additive 1arget mol-
ecules can be mixed in a ratio between ahout 1:20 o abaut
2061 by weight and resuli in nanopanicles of amphiphilic
capalymers with additive target molecule,

[0020]  In another embodimeal of the inveotion, supple-
menlal additives such as colloidal-dispersants or surfactants
can be inctuded in the final colloid mixture 1o enhance the
resultant propertics of the nanoparticles, such as stabiliza-
lion the nanoparticles.

(0021] ‘Ihe flash precipitation process and the associated
flash mixing apparatuses described herein are useful for the
production of amphiphilic copolymer nanoparticle compo-
sitions including optional additive target molecules. With
the processs and apparatuses described herein, nanopanticles
compositions ¢an be made with a high content of target
molecule with high vield, high productivity, and high pro-
cessing rates while using low amounts of amphiphilic
copolymers. The nanoparticles compositions and processs
deseribed can be used [or a variety ol purposes inchuding
creating pharmaceutical, medical, and agrivuliural formula-
tions and particle surface funciionalization.

{0022] These and other fealures, aspects, and advactages
of the present invennon will become hetier understnod with
reference e the following descriptions and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The following Figures are included in this appli-
‘cation te exemplily and describe the invention bul are no
intended to limit the embodiments of the invention.

[0024] IEG. 1isa schematic drawing of a continuous flash
mixer, presenting wo inlets o & conical-domed mixing
vessel with a conical outlei, a varicly of outlet shapes are
also presented including o conical, square and mixed shape
ouliets at lwo differcnt opening sizes:

[0025] FIG. 2 is a schematic drawing of a baich flash
mixer in which the nmixing mechanism is shown with a
preterable position tor the end of the inlet wbe in relztion to
the mixing or agitaling device;

fon26] FIG. 3 is 2 graphic depiciion of nanoparlicle size
in relation to the mixing velocity for nanoparticles formed
from palyvsiyrenc( 1000)-block-polyethylensoxide{3000)
CPS(1000-h-PEOCOXN"Y in etrahydrofuran (I'HE") and
waler in a conlinuous lash mixer. The ratios of mix tme and
aggregalion time are also presealed in relation 1o nunopar-
ticle size:

[0027] FIG. 4 is a graphic depicticn of volume pereentage
of nanopariicles by the disiribution of nanoparticle size for
nanopartictes formed from PS(1000)-b-PLO3000) in THE
and water in a cominuous flash mixer and containing the
additve targel moleeule, f-caroiene, 1n a 1l ratio with
copolymer where copolymer and additive were bath 2.6
Wi,
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[0028] TFIG, 8 is a graphic depiction of volume percentage
ol nanoparticles hy the distribution of nanopanicle size far
ninoparticles formed from PS(100M-h-PEQ(I000) in THF
and waler in a continuous Nash mixer and contuning the
additive target melecule, f-carotene, in o 1:1 ratio with
copolymer after removal of arganic solvent where copely-
mer and addilive were hath 2.6w%

[0029]  FIG, 6 s a graphic depictian of valume percentage
of nanoparicles in relation w mean velocity and agilator tip
speed  for nunuparticies” formed  from  PS{1000)-b-
PLEOCIGO0) in THE and water in a baich flash mixer and
containing the additive targer molecule, (-carotene, in a
6.5:1 ratio with copolymer;

[0030] FIG. 7 is a graphic depiction of mean nanoparticle
size in relalion 1o the jet velocity for nanoparticles formed
from PS(1000)-b-PEQ(30N0Y in THF and waler in a con-
tinuous flash mixer and containing the additive target mol-
coule, f-carotenc, in a 6.3:1 ratio with copolymer;

[0031] FIG. 8 is a graphic depiction of nanoparticle size
in relation 10 the mixing velocity for nanoparticles formed
from polvhuiylacrylate( 7500)-h-polvacrylicacid( 7500}
(*TBA(7500)-b-PAA(TS00)") in methanol (“*MeGH™) and
MecOHrwater io 2 comtinuous flash mixer for samples with
having valome% MeO1l of 83% and 56% in the initial
mixture;

[0032] FIG. 9 is a graphic depiction of nanoparticle size
in refation 10 the mixing velociy for nanoparticles formed
from PBA(7500)-b-PAA(7500) al varving weight percent-
age (wit%) concemration of copolvmer before mixing in
McOH and waier in a continuous flash mixer: threshold
miving times and aggregation dimes are also presented in
relation 1o nanopariicle size. and

[033]  FIG. 10 is a schematic diagram al a centripelal
Hash mixer with mix velociiies and nanoparticle production
by volume percentage.

DETAILED DESCRIFTION OF THE
INVENTION

[0034] The present lnvention relates to a process and
apparatuses preparing  nanoparticles from  amphiphilic
copalvimers., The size of the resulting nanopanicles can he
controlled by controlling the mixing velocity used lo create
them. Nanopanicles can be produced [rom amphiphilic
copolvmers that are dissolved in a process solvent. After the
amphiphilic copolymers are dissolved in the process solvent.
the solution is rapidly mixed with a non-process solveni and
nunoparticles are flash precipitated in the resulting solution.
This mixing van be achieved through various meibods
during which the mixing velocity is controlled. In addition,
an additive target molecule can be mixed with the
amphiphilic copalymer in the process solvent prior (o flash
precipilation for incorporation into the resulting nanopar-
ticles.

{0033] In ihe present invenlon, mixing apparatuses arc
presented that arc capable ofreaching a critical and robus
processing condition or a very fast mixing velocity and
capable of controlling the sige of the panaparticles, by
controlling mixing tme ("t} through conirol of the mix-
ing velocity. The 1vpes of mixing apparatuses prescnted
include a ¢ontiaunus flash mixer and a hawch flash mixer.
Mixing veloeity is entical 1o controliing, the nanoparticle



US 2004/0091540 Al

size distribution, however, quantifving the actual 1., is
difficudr, Therefore, it is practical to usé the mixing velocily
as wn indicator of mixing time. Fuor the examples presented
below that were performed using 2 continuous flash mixer,
the mixing velocity was considered 1o be the highest average
velocity of any of the fluids entering the mixing vessel. For
the examyples presented that were performed in a batch flash
mixer, mixioy velocity was considered to be the greater of
either the moving surface velocity ereated by the tip speed
or the average vslocity of the incoming fluid. Actual mixing
velocities may have been bigher o lower than the estimated
mixing velocity of o single solvent stream or mix speed due
to the cumulative elfect ol wo fiuids or moving surlaces
coming 10gether.

[0036] A process salvent is @ composition cnmprised of
one or more fivid components and capahle of carrying a
solid or solids in sciutian or suspension. The process solvent
is able 10 substantiallv dissalve the amphiphilic copolymer
o a molecularly soluble state. A non-process solvent is anv
camposition thal is subsiantially soluble with the process
solvent and leads o the precipuation of the dissolved ar
suspended nmphiphilie copolvmer afller mixing with the
process solvent, Precipitation of the amphiphilic copolyraer
upen mixing ¢an be the result of changes in remperature.
composiiion, or pressure or any cembination of each. The
process stream and non-process stream refer 10 the process
and non-process solvents with the oplional additive targel
molecules or supplemental additives, respectively as they
enter the mixer.

FLASTI MIXERS

[0037] An example of a continuous flash mixer is shown
in FIG. 1. Two solvent sireams of fluid are introduced into
a mixing vessel through independent inlet tubes having a
diameter, d, which ¢ap be between about 0.25 mm o about
6 mm bul are between about 0.5 mm to about 1.5 mm in
diameter for laboratory scale production. The continuous
tflash mixer includes temperature controlling elemenms for
Muid in the inlet tubes and in the mixing vessel. fn one
embodiment, the inlel fubes are colled in a waler bath that
cantrels the temperature of the fluids passing through the
wbes and the mixing vessel 15 placed in a water bath. In
addition, the mixing vessel contains a deviee 1o control and
regulate the pressure of s contents. o one embadiment ol
the invention, the solvent sircams are impacted upon each
olber while being [ed at a constant rae from the intel tube
into the mixing vessel. In another embodiment of the inven-
tion, more than two inlel fubes direel sobvent sircains o the
mixing vessel.

[0038] 1n one embadiment, the mixing vessel is a ¢vlin-
drical chamber with 1 hemispherical top. The dizmeter ol the
mixing vessel, 1, is typically between 1.25 mm 10 about
300 mm but prelerably is between about 2.4 mm 1e aboul
4.8 mm, and D¢d is ahout 3 1o 20. The mixing vessel alse
contains an cutlet with a diameler, 3, that ¢can be between
about 0.5 mm to about 2.5 mm but is preferably berween 1.0
mm o about 2.0 ann, and dd is abouw 1 0 5. In onc
embodiment, 1he outlel can be conical, in anotber embodi-
men? it can be sguare, and in another it van have a mixed
configuration.

{0039]  For the caminuous fAash mixer shown in FIG. 1.
the mixing velocity is considercd 1he highest average veloc-

May 13, 2004

ity of any of the fluid sucams catering the mixing vessel. If
the interior of the mixing vesscl is made lacge, D/d >4, the
inlel fubes delivering the fluids 1o be mixed can proirude inlo
the imerior of the vessel lo direci fluid impact within the
vessel and to ensure rapid mixing.

(00401 The mixing velocity is cansidered ihe highest aver-
age velocity of anv of the fluid streams entering the mixing
chamber. In one emboediment of the inveniion, the angle of
incidence of the two sireams can be varied. The anpling of
the inlel streams can affect the mixing velocily. For example.
in one embodiment of the invention, the streams arc directed
tawards each other causing them to collide and essentially
increasing the mixing veloeity while deereasing the mixing
time. In one embodiment, the velacity of the fluid exiting the
iniel twbe is between about (.02 mfs and 12.0 mis.

[0041] In one embodiment, the mixing vessel is a con-
linucus centripelal mixer. In this embodiment, the process
and non-precess streams are directed into & mixing vessel
bul do not direetly impinge. The streams are foreed 1o the
walls of the mixing vessel by ventripelal [orces. In anoiher
embodiment. the mixing vesse] could be another high mix-
ing velocity or highly confined mixer such as, bui not limited
0, & slalie miser, o slatar uiiser, ar a centripeial pump
where the process salvent is wtroduced into the region of
high mixing velocity. To those sillded in the art, any mixer
capahle of providing a sufficient mixing velocity with con-
tralled intraduction of the process streams could attord a
Hash precipisaiion under the teachings of this disclosure.

[0042] In another embodiment of the invention, the
dimensions of the coatinnous Hash mixer can be scaled up
10 achieve desired production rates. In this embodiment. the
process Is performed at a steady state with the streams
continuallv introducing the desired camposition ratio and
continually draining fram the mixing vessel. The effluent
cun be collected in a second holding 1ank, optionally with 4
liquid phase within, for further post processing.

[0043] In another embodiment of the invention. the pro-
cess and non-process solvents are mixed in a baich tlash
mixer. An cxample of a batch flash mixer is presened in
FIG. 2. [n this design, the process solvent slream containing,
the amphiphilic vopolymer and the oplional additve target
molecule are added via an infet tube 10 2 non-process solvent
in a mixing vessel that has a mechanical agitator. The batch
Hash mixer lucludes temperature eonteolling elements for
fluids in the inlet wbes and mixiog vessel. In cne embodi-
ment. the inlet wbe i3 coiled in a water bath that controls the
temperainie of the fluid pussing through the whe and 1he
mixing vesscl is submerged in a waler bath. In addition, the
mixing vessel contains a device 1o control and regutale the
pressure of its conlems.

[0044] Fluid is iniroduced via an ialel tube inlo the region
of high mixing imensity, near the sweep region of the
mechanical agitator In a preferred embodiment, a maringe
agilator with a single baffle is used in the baich fash mixer,
but cther agitwtors or baffle confipuraions could be
employed. The placement of the incoming solvent stream
can be varied by varving the position of the inler tube, bu
the fluil exiting the inlel tebe is vsually fed directly into the
region of high mixing imensity. The distance between the
end of the inlel wbe and the agitator tip is preferably walhin
13% of the agitator diameter of the circular swecep made by
the agitator. This ratio facilitates rapid incorporation of the
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incoming fluid inta 1he swept region of the mechanical
agitator or rapid mixing with the immediate outflow of the
mechanical agitator. Tn ane embodiment, the velocily of the
fluid exiting the inlel wbe is between about 0.02 md and
12.0 ms. In another embodimeant. the surface velocity of the
fluid in the mixing vesset is berween about 0.02 m/s and 8.5
mis.

0045] [none embodiment af the invention. the batch flash
mixer includes multiple inlet tubes tor the introduction of
more than onc solvent stream. In ane embodiment of the
invention, amphipbilic copolvmer and additive 1arger mol-
ecule are inlreduced into the mixing vessel vin different
solvent streams. In another embodinient, the Buid streams
can be dirccted towards cach other to substantially cause
them 1o collide and mix. {n anather embodimeni of the
invention, the dimensions of the baich flash mixer can be
scaled up 1w achieve desired production rates with limiled
scale up of the inlet ube diameter relative 1o the agilaior.

{0046] For the examples provided below in which & con-
inuous fash mixer was used, a constant fow rale was
provided by a syringe pump for each inlet 1ube using a
Harvard Apparatus (mode} number 7023), At lcast onc 100
mL glass syringe {(SGLE Inc.) was connected to cach side of
the mixer in FIG, 1. For cach side of the mixers. the tuid
to be mixed flowed from ihe svringe pumps into a coil of
Lef-inch stainless steel through a narrowing tube and into
the mixing vessel. The Y ™-inch coil and the contimuous flash
mixer were submerged in 4 lemperature bath 12 control the
temperature of the [luid entering the continuous lash mixer.
The outler of the mixer was connected (o an S-inch line of
L§P.inch tubing leading out of the temperature bath for
product collection.

[0047] For the examples provided below in which a con-
tinuous flash mixer was used. a constant flow rate was
provided by a svringe pump for cach iclet tube using a
Harvard Apparatus (model number 7U23). At least one 1
nL glass syringe (SGE Inc)) was connected 10 gach side of
the mixer in FTIG. L. For cach sicle of the mixer, the fhuid 1o
he mixed flowed from the syringe pumps into a coil of
1% inch stainless steel through a narrowing tube and into
the mixing vessel. The Y& -inch coil and 1he continuous flash
mixer were submergedd in a temperature bath to conirol the
emperature of the Muid entering the continuous flash mixer.
The outlel ol the mixer was ¢connested to an &-nch ling of
Lgainch ubing leading oul of the femperature hath for
product collection.

[0048] For the cxamples presenting a batch flash mixer.
the process solvent was injected through an inlet tube at a
constant flow rate by a syringe pump (mode]l number 7023,
Harvard Apparatus) compnsing at least one 1((} ml. glass
syringe (SGE, Inc.) inme the mixing vessel containing the
non-process solvent, The siream flowed from the syringe
pump and inta a cail of Vi"-inch stainless steel through a
parrowing device into a 1.0 mm-tube aad into the mixing
vessel, The ™-inch enil was submerged in a lemperatare
hath (o control the temperature of the fluid entering the baich
Mash mixer. The tempersture of the contents af the balch
flash mixer can be varied using conventional means includ-
ing hat plates and waler baths.

[(HH49] 1nthe case of the centripetal mixer. the non-salvent
wis supplied using a pressurized vessel and the flow rate
was eontrolled by adjusting the pressure of the vessel or
using a conirol vatve. A Harvard Apparatus with a 100 m],
syringe was also used with this mixer.
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AMPHIPHILIC COPOLYMERS

[0050] Amphiphilic copolymers are comprised of sub-
uniis or monomers that have different hvdrophilic and
hvdrophabic characterisiics. Typically, these sub-units are
present in groups of at least two. comprising a block of a
given character, such as a hvdrophobic or hvdrophilic block.
Depending on the methud of synthesis, these blocks could be
of all the same monomer or contain different monomer units
dispersed throughout the block, bui stll yickling blecks of
the copolymer with substandally hydrophilic and hydropho-
bic portians. These blocks can be arranged inlo a series of
twa blocks (diblock) or three blacks (iribleck), or mare,
torming the backbane of a block copalymer. In addition, the
pelymer chain can have chemical moietics covalenly
aktached or gralied 10 the backbone. Such polymers are graft
polymers. Black units making up the eopolymer can occur
in regular inlervals or they can veeur randomiy making a
random copolymer. [n addition. grafted side chains can
occur al regular intervals along ihe polymer backbone or
randomly making a randomly grafied copolvmer. The
amphiphilic copolymers usedl in this invention are com-
prised of hlocks of a1 least two sub-ugnits or with a minimum
contour length the equivalent of at least 5 ethvlene units and
of a given character and a molecular weight ol at least 300
g/male. Conlour lengths are the linear sum of the polymer
backbone, the malecular dimensions of which can he
approximated using the Palymer Handboak, 4" Edition, eds.
S. Brandrup. E. H, Immergut, and E. A, Grulke. assoc. ed.
AL Abe. DR Bloch, 1999, New York, John Wiley & Sons,
the disclosure of which is hereby incorporated by reference
In its cntirety.

{0051] Amphiphilic copolvmers could also contain a poly-
meric block or blocks as given herein connected 16 a moiely
of eonsiderable size that is not a palymeric chain cnnsisting
of sub units. In this case the molecular weight of the moiety
{s greater than 300 g-mole. It is otten preterable 1w have the
moiely be al least 1000 g mole 10 enhance (he post mixing
soluble or non-soluble characier of the moiety.

[00521  Amphiphilic copolymers possess both hydropho-
bic and hvdrophilic regions along the same polvmer chain,
Tydrophabic and hydrephilic regions maybe comprised ol
blocks of polymer or may bave \heir hydrophilicity/hydro-
phobicity affecied by a grafted maieiy. The unique charac-
teristics of an amphiphitic copolymer allows Lhe copalvnmier
0 precipitate {ocally when its solvent cooditions are
changed, For instance, an amphiphilic copolymer dissolved
in a charge-neutral selvent should locally precipitate when
mixed with charged salvent causing the hydrophilic regions
(o lake & conlormation maximizing conlact with the charged
solvent and the hvdrophaobic regions 1o minimize contact
with it or locally precipilate. Preferably, the hydrophilic
block should be at least 1000 g/mole to facilitate colloidal
stability via steric or steric and clectrostaiic means aficr
naneparticle fermation. Prelerably, the hydrophobic bloek is
al at least 1000 ¢ mole to ¢enhance the non soluble characier
of the block and promote precipitation.

[0053] Nanopariicles formed by the process of this inven-
tinn can be formed with grafl, block or random amphiphilic
copolvmers. These copolymers can have a relanvely low



US 2004/0091546 Al

molecular weight, between 1000 g/male and 50,000 g/male,
or preferably berween about 3000 g/mole to about 25,000
v/mole, and more preferably at least 2000 g/mole. Allerna-
tively, the amphiphilic copolymers uwsed in this invention
exhibit a surface tension when dissolved in water a1 0.1 w1
7 of at least 50 dvnescom.

[0084]  Examples of suitahle hydrophabic sub-units that
camprise hedraphohic blocks in an amphiphilic copolymer
include but are nnt limited 10 the following: acrvlates
mncluding methyl acrylaie. ethyl acrylate, propyl acrvlate,
n-buivl acrvlate ("BA™), isobuyt acrvlarc. 2-cthyl acrvlaic,
and t-butyl acrylate; methacrylates inclnding ethyl meth-
acrylate, n-bulyl methacrylate, and isobulyl methacrylale;
acrylonitriles; methacryvlonitrile; vinyls including vinyvl
acetate, vinvlversatate. vinvlpropionate, vinvliormaride,
vinylacctamide, vinvlpyridines, and vinvllimidazole, ami-
noalkvls  including  aminoalkvlacrvlates,  aminoalkyls-
methacrylaies, and aminoalkyl(meth)acrylamides; slyrenes;
and lactic acids. Examples of suitable hvdrephilic sub-units
in an amphiphilic copolvmer include but are not limited to
the fallowing: carbaxylic actds including acrvlic acid,meth-
acryvlic acid, tlavonic acid, and maleic acid; polyoxvethvl-
enes or pulyethylencoxide: and unsaturated ethylenic mono
or dicarboxvlic acids, Preferably the blocks are cither
diblock or iiblock in nature. Preferably, block eopolyvmers
far this invention include blocks substantially comprising
the monomers of polystyrene, polvethviens, palvbuivl acry-
lule, polybulyl methacrylate. polvlaclic acid. polvacrylic
acid. polvoxycihylenc or those that arc biocompatible. Addi-
tional preferable polymers shown 1o be mucoadherents and
preferakle for incorporation inle amphiphilic copolymers
include, but are not limed lo, monomers of poly (acrvlic
acid). poly(d-glucosamine). polv{d-glucaronic acid-N-
acetylglucosamine), poly{N-isopropylacrylamide), poly(vi-
nyl amine), and poly(methacrylic acid).

[MDSS]  En graft copalymers, the length of a grafted moicty
can vary. Prelerably, the gralted segiments are alky] chains of
4 (0 L8 carbons ar eyuivalent 10 2 1o 9 ethylene unils in
length. In addition, the grafting of the polymer backbone can
be uscful to enhance solvation or nanoparticle stabilization
properties. A grafied buiyl group nn the hvdrophabic back-
bane of & diblock copolymer of a polyethylene and poly-
elhylene glyeol should increases the solubility of the poly-
ethylene block. Suitable chemical moieties grafied o the
block unit of the copolyvmer comprise alkyl chains cantain-
ing species such as, hut noi limited, 1o amides, imides,
phenvl, carbuxy. aldehvde or alcohol wroups.

[0056] The amphiphilic copolymer can be selected from
several groups of copelvmers including polystvrenes, poly-
cthvlencglveals. polvglulamic acids, hvalurome acids, polv-
vinylpyrrolidones, polvlvsines, polvarginines. alginie acics,
polylactides, polveihvieneimines, polyionenes, palvacrylic
acids, and polvuninocarboxvlates. Anv  biocompatabie
amphiphilic copolvmer can be used. Preferably. the
amphiphilic copalymer is comprised of diblock or triblock
compositions canlaining al least one ol the lollowing: a
polystyrene block, a polyelbvlene oxide block, a polybuty-
lacrylate, a polyacrvlic acid. polvbutyvlmethacrylate block.
or a polvethyleneoxide block.

ADDITIVE TARGET MOLECULES
[0057] The amphiphilic copolymer is dissoived in a pro-
cess solvent capable of dissolving at least 0.1% of (he
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copolymer by weight and that is typically a liquid at roam
lemperature, 1o one embadiment of the invention, the pro-
cess solvent Is a mixture of solvents or'an organic solvent,
In a more preferred cmbodimen of the invention. the
process solvent is an alcohal or ether. [n another embodi-
menl, the process solvent is methanal. In wvet another
cmhadiment, the process solvent is  fetraibvdroluran
(" THF™). The concentration of the amphiphilic copolymer in
the process solvent may be increased by controlling the
temperature and the pressure of the mixture. In the present
case, manoparlivle compositions in which amphiphilic
capnlymers ¢oalain PEO as the water saluble component are
used [or sterie stabilizution of a turget molecule are desirable
10 obtain the propertics tor a pharmaceutical formulation. If
linked 1o a hvdrophobic species ar polvmer chain. the
amphiphilic copolymer can be used lo coat hvdrophobic
larget molecules where the exterior of the particles presents
PEOC as soluble in an agueous phase.

[00S8] In znother embodiment of the inveniion, the pro-
cess or non-process solvent mav consist of a liquefied pas.
In this embhodinmcnt, the process ar non-process solvents are
a gas al coom temperature but are pul in liquid form for the
process by changing the pressure or temperature of both in
lhe mixing vessel or inletl whes. An example of a liquefied
gas used as a non-pracess solvent is carbon dioxide under
adequafe pressucs with ne withnul a maodifier, such as
ethanol. After mixing, a posi processing step consisting of a
pressure or lemperature change or a change in both is made
and the solvent cvaporates Ieaving the nanoparicles.

[0059] [n another embodiment of the invention, nanopar-
ticles are made and include an additive target molccule, In
one embodiment, an additive targot molecule is mixed wilh
theamphiphilic copolymer in the process solvent phase. In
another embadiment the additive is combined with the
amyphiphilic copolymer in a ratio of 1:4 1o 1(:1 by weighi or
charac. In sull anather embodimeni, the addizive targel
molecule is mixed with the amphiphilic copolymer in al
least a 1:2 rato by weight. Preferably the arget molecules
is present in the process salvent sireams after mixing at a
concentration of al least (L1% by weight, but more prefer-
ahly the concentration of 1arget molecule is at least 0.2% by
weight, The lemperature and the pressure of the process
solvent can be altered to allow complete dissolution of both
the amphiphilic copolymer and the additive targel molecule
while maintaining a liquid phase. One such solvent wounld be
cthanol and the mixing process is performed at elevated
pressure.

[0060] Examples of some preferred additive targel mol-
ccules that may he added tonanoparticles hy this process ¢an
e selected from the known classes of drugs including
immunosuppressive  agents  such  asx cyclosporins
{cyclosporin A}, immunoactive ageais. analgesics. anii-in-
flammatory agents. anthelmintics, anti-arrhvihmic agents,
antibiotics (including peniciliing), anlicoagulants, antide-
pressants. antidiabetic agents, antiepileptics, antthistamines,
antihypertensive agenls, aniimuscarinic agenls. antimyco-
bacterial agenls. antincoplastic agents. immimeosuppres-
sants, antithyroid agents, antiviral agents, anxiolviic seda-
tives (hypooties and  noeuroleptics), sstringents,  beta-
adrencceptor  blocldng  agents.  blood  productls  and
substitutes, cardiac inolropic agenis, contrast media, corti-
cosicrouds, cough suppressanis (expectorants and mueolvi-
ics), diagnostiv agents, dizgnostic imaging agents, diurelies,
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dopamincrgics  (antiparkinsonian  apenis). hacmoslatics,
immuriological agems, lipid tegulating agents, muscle
relaxants, parasympzihomimetivs, parathyroid calcitonin and
biphusphunutes. prostaglandins, ralio-phermacenticals, sex
hermones (ncluding stergids), anti-allergic agenis. stimu-
lants and anoretics, sympathomimetics. thvroid agents,
vasadilators, xanthioes, anti-oxilanis, preservatives, vita-
wrins, and nutrients, Preferred drug substances include those
intended for oral administration and intravenous adminis-
tration. Thev can be selected from amy pharmaceutical
organic active and precursor compound. A descriplion of
these classes of drugs and a listing of species wilhin each
c¢lass can be found in Physicians Desk Reference, 51 edilion,
2001, Medical Economics Co., Montvale, N.I., the disclo-
sure of which is hereby incorporated by reference in its
enfireiy. The drug substances are commercially available
andsor can be prepared by techniques known in the art, Other
additive targel molecules include agricultural compounds,
biocides, pesticides, herbicides, fungicides, and insccticides.

[0661]) In a preferred embodiment. the additive target
molecule is an arganic active enmpound thar is co-precipi-
tated with the amphiphilic copelymer. The larpel malecule
should be substaniially insoluble, in solution crealed alterthe
mixing process is complete. The targel molecule is typically
supersafifaiec of above us solubility during the mixing
process and piccipitates in a characterisiic time 1. [n a
more preferable embodiment, the 1arget molecule is paarly
soluble in waler, 1 wi%, und more preferably <0.1 wig, at
aspecitic pll. In this case, the target molecule is malecularly
soluble in one at the process streams prior 1o the fash
precipilation.

[0062] o one embadiment, the fargel molecule is an
anti-oxodant or a provilamin of poor water solubility, <0 L
wi%. For instance, the tuget molecule could be B-carolene.
‘The amphiphilic copelymer contains a highly hvdrophobic
hlack and a hydrophilic block. The hydrophilic hlock might
inchide & polystyrene-block-polyethylensoxide  (‘PEO™)
block. The process solvent is letrahydroluran (*“THE™) and
the non-process solvent is water. In this case, PEO is
presented o the putside of the molecule making the material
dispersable in warer.

PROCESS AND NON-PROCESS SOLVENTS

{0063] ‘T'hc solution of process solvent containing cither
amphiphilic copolymer alone or with an additive target
malecule is mixed with a non-process solvent. The non-
process solvent must be capable of changing the local
molecular environment of the copelymer and cause local
precipitation of either the hydrophobic or hydrophilic
bloacks. The non-process salvent van be waier that is cither
distilled, filtered ar purified by reverse asmosis (RO or an
ayuenus solution containing a bullering agenl. suly,.colloid,
dispersant, or inert malecule” The non-pracess salvent could
alse Bt @ mixiure of solvents, such_as alcobol and walcer.
Using flash precipiiationpracesss described herein, nanopar-
ticles are formed in the fmal mixed solutign, The final
solveni contalning” ifiCimioParticles can be allered by a
number of past treatmen! processes, such as but not limited
to dialysis, digiiladon, wiped lilm.evaporation. ceniruga-
lionT Tvophilizatian, Bliration, sierile ﬁwou_ extraclion,
supereritical fluid extraction, ar spray dréing. The processes
typicallyedur-aficr ther nanoparficlc formation but could
also oweur during the nanaparticle formation process.
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SUFPLEMENTAL ADDITIVES

[0064] Mo or more supplemenial additives can be added
to the process salvenl or nan-process soivent slreams or 1o
a siream of nanepartictes atler formation by flash precipi-
taton 1o taxlor the resultant propertics of 1the nanoparticles
ar for use in a particular indication. Examples of supple-
mental additives include inert diluems, selubilizing agunts,
emulsifiers, suspendiog apents, adjuvants, welling ageats,
sweelening. {favoring. and perfuing agenis, isolonic agenis.
collotdal dispersants and surfactanis such as but not limited
o a charged phospholipid such as dimyrisioyl phophatidyl
glveeral; alginic acid, alignates, acacia, gum acacia, 1,3
butyleneplycol, benzalkonium chloride, collodial silicun
dioxide, cetostearyl alcohol, cetomacrogol emulsifving wax,
casein, caleium sicarate, cetyl pyridiniwmn chioride, cervl
alcohal, chalesternl, calcium carbonate, Crodestas F-1106@,
which is » mixture of sucrose stearate ard sucrose distearate
(of Croda [ne,). clavs, kaolin and bentonite, derravitives of
cellulose and their salts such as bydrexypropyl methvlcel-
lulose (FIMPC), carboxvmnethyleeliose sadium, carboxym-
ethyleellulose and its salis, hydroxypropyl celluloses, meih-
vleeHulose, hydroxyelhyleellulose, hydroxvpropyicellutuse,
hvdroxvpropylmethylecllulose phihalate, nonerysialline cel-
lnlose: dicalcivm phosphate, dodecy] trimethyl aminanium
bromide, dexiran, dialkylesters of sodium sulfosuccinic (v.g.
Acrosol OT® of American Cvanamid), gelatin, plveerol,
glycerol menestcarate. glucase, p-isenonviphenoxypoli(e-
lycidol), also known as Olin 10-G® or surfactant 10-G@® (of
Olin Chemicals, Stamflord, Conn)i glucamides such as
octanoyl-N-methvlglueamide,  decanovl-N-methylglucam-
ide: heptanovl-N-methviglucamide, lactose. lecithi(phos-
phatides), mallosides such as n-dodecvl {-N-malioside-
ymannilol,  magnesium stearate,  magnesiom  alumioun
silicale, vils sueh as cultun seed oil, ¢orn germ oil, vlive oil,
caster oil. and sesame oil; parallin. pulato starch, polyeth-
vlene glycols (eg the Carbowaxs 3350® and 1430@, and
Carbapol 5340E of Union Carbide). polyoxyethylene allkvi
clhers{cg, macragal cthers such as cetamacrogol 1000),
polvoxvethyleae sorbitan fatly acid esters(eg. the commer-
cizlly available Tweens® of ICI specialty chemicals), poly-
oxvelhvlene castor ofl derivatives, polvoxvethvlene sterates.
palyvinylalcohal(PVA), polyvinvipyrrolidone(PVP), phos-
phates, 4(1,1,3,3-1stramethyibutyl) phenol palvmer wilh
ethvlene oxide and formaldehyde, {alsa knawn astylaxapel,
superionc, and triton), all poloxamers and polaxamines (c.g..
Pluronics FORILF®, FETE@, F108® and tetronic QUR® avail-
able [tom BASF Corporation Mount Olive, N.1), pyrano-
sides such as n-hexyl , B-D-glucopvranoside, n-hepiyl |
p-D-glucopyranoside: n-octvl-f-D-glucopyranoside. n-de-
cyl B-D-glucopyranoside; n-decyl , B-1)-maliopvrannside;
n-dodecvl  f-D-glucopyranaside; qualernary ammonium
compounds, silicie acid, sodium citrale, starches, sorhitan
esters, sadium varbonale. solid polyethylene glycols, sodium
dodecyl sulfaie. sodium laurvi sulfate {e.g.. Dupanol P& of
DuPont corparation), steric acid, sucrose, lapioca starch,
tate, ihioglucosides such as n-heptyl [-D-thioglucoside,
tragacanth, triethanolamine, Triten X-2008 which is 4 alkyl
aryl polyether sulfonate (of Rhom and Haas); and the like.
The inert diluents. solubilizing agents. emuisifiers, adju-
vants, welling agents, i=oloniv agenis. colloidal dispersants
and surfaciants are commercially available or can be pre-
pared by techmaues know in the art. The propertics of many
of these andl other pharmaccutieal excipiens suilable for
addition 1o the provess solvenl streams betore or aller
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mixing arc provided in Handbook af Pharmaceutical Excipi-
ents, 3rd edition, editor Arthur H. Kibbe, 2000, American
Pharmaceutival Assoctation, London, the disclosure of
which is hereby incurporated by reference in ils entirety,

[0065} Colloidal dispersants or surfactants can be added 10
colloidal mixtures such as u solution containing nanopar-
ticles 10 prevent aggregation of the particles. In one embodi-
ment of the invention, a colloidal dispersant is added ta
either the process solvent or non-process solvent prior (o
mixing. In one embodiment, the colloidal dispersant can
include a gelatin, phosphelipid or pluronic. The dispersant is
typically added in a ratio up 10 2:1 with the additive target
malecule by weight. The use ol a colluidal dispersani can
prevent nanoparticles {rom growing 19 a size that makes
them useless.

{0066] In snother embodiment of the invention, the add:-
tive rarpet molecule is mixed with the amphiphilic capoly-
mer with a supplemental seeding molecule. The inclusion of
# supplemental seed molecule in the process solven Tacili-
lzles the creation ofnanoparticles upon micromixing with the
non-process solvent Examples of a supplemental seed mal-
ecule inchude, but are not limited 10. a substantially inseluble
solid pariicle, a salt, a fumeiinnal surface modifier, a protein,
a supar, a fatty acid, an ofganic or inarganic pharmaceutical
exvipienl. a pharmaveulically acceptable carrier, or a low
molecular weight oligomer.

[0067] In one embudiment, a supplemental surfactant can
bc added 10 the process or non-process solvents. This
process can be performed with amphiphilic copolymer alone
or with amphiphilic copolymers comaining an additive
larget molecule.

NANOQPARTICLLES

[M068] Preferably the nanoparticle compositions contain-
ing one or more amphiphilic copolymers, with or without
onie or more large! molecules, and with ar withoul one or
more supplemental additives which are produced by a Nush
precipitation of the invention bave an average size less than
1066k nn and more preferably less than about 700 nm, less
than about 500, less than abaul KW, less than about 200, less
than about 100, less than shout 10 nm. The average size iy
on & weighl basis and is measured by light scailering,
micrascopy. or other appropriate methods. Preferably at
least 65%. of the particles by weight have a particles size less
than 1060 om, and more preferably at least R0%. af the
particles ure less than 1060 nm, and even more preferable at
least 95% of the panicles on a weight basis have a particle
size less than 1060 nm as measured by light scatlering,
microscapy, or other appropriate methods.

PROCESSING OF NANOPARTICLE
COMPOSITIONS

[0068] T nanopariicles produced by the flash precipita-
lion process can be post processed to vield a sterile aqueous
or nonaguecus solution or dispersion or could by isolated.
such as via Ivlophilization acd autoclaving, 1o vield a sterile
powders far reconstitution into sterile injectible solutions or
dispersivns. The nanoparticles ¢an be combined with other
accepiable compounds for parenteral injection such as but
not limited to onc or more of the following waicr. cthanol,
prapylencglyeal, palvethyleneglyveanl, glycerol, vegetabls
oils, cthyl oleale. Supplemental additives suitable suitable
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far parcnicral injeerion can alsa be used to tavlar the
compasition w0 that suitable for a specific purpose.

[0070] In one embodiment, nanoparticles are formed in
the abaence of a targel malecule. The hydraphobic additive
largel melecole and optionally supplemental addilives are
added and the nanoparticles are toaded with a targel mol-
ecule using differential partitioning where the salvent qual-
ity for the target molecule is slowly changed nsing dlialysis
or distillation, The resulting loaded pariicles are then isn-
lated and used in a pharmaceutical formulation.

[0071] Tn one embodiment, the siream of panoparticles
produced via the flash precipitation. is distilled © remove
any toxic sohvents and sierile filtercd using a (122 fm
nominal pore size filter 1o yicld a sterile solution, [n another
embodiment, the provess salvenl streams are sterilized prior
w use and are flash precipitaied o a sterile eavironment to
procduce 2 slerile formulation. Anv post processing is also
performed under sierile conditinns,

[0072] The nancparticulaie compositions produced by ihe
hercin via flash precipitatinn may alsa cantain supplemental
additives usctul for preserving, welling, emulsifving, or
dispensing the pharmaceuticu) composition. Preventicn of
the growih of microorganisms can he cnsurcd by various
antibacterial andl antiftingal ngents. such as but not limited
lo sorlric acid, parabens, phenol, chlarobutanol. It may be
desirable to add an antioxidant such as iocopherol or il may
be desirable (o include isolonic agents, such as sugars or
sedium chloride.

[0073] TIn one embodiment. the nanoparticles formed via
flash precipitation are isolated via distillation o remove
loxic solvenls such as THE, a supplemental addlitive is
added, such as the crypprotectant sucrose or trebelose, and
the material is lyephilized 10 oblain a powder.

f0074]  Tn one embadiment, the nanopariicle compositions
produced by a flash precipitation of the invention are for-
mulated inte a solid dosage form for oral administration
such as capsules, 1ablets, pills, powders, and granules. In
such solid dasage forms, 1he nanopariicle composition is
admixed with ooe or more supplemental additives lalling
inle Lhe tollowing classes such as bul not limited to lubri-
cants, huffering agents, wenting agents, adsorhtion, inert
excipients, hinders, disintegrating agents, solution retarders,
accelerators. adsorbents. or fillers or extenders or olher
componcnts commeonly used by those skilled in the an for
production of solid dasage torms.

[0075] 1n one emhodiment, nanaparicles creaied by flash
precipitation are made comprising a exX1erior presenting a
muceadherent such as polyacrylic acid 1o the surface. Prel-
erable that mucoadherent is part of 1 polvbulvlacrylale-b-
polyacrytic acid amphiphilic copolvmer. The particles are
subsequently formulated as a delayed rclease method
capeble ol presenting the mucoadherent 1o the lower gas-
troinlestingl tract.

[0076] 1In une embodiment. the panoparticle compositions
is a poteat pharmaccutical containing one or more
amphiphilic copelymers, with or without on¢ ar more larget
molecules, and with or withaut one or more supplemental
additives which are produced by a Sash precipiiation of the
inventon are made into a solid dosage form and duc 1o its
nanoparticulate size it is ¢venly dispersed throughout said
solid dosage lorm admixtee and yields 2 high contem
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uniformity{quantity of maieral in cach dose) nnt ohtained if
the drug was microparticulaie.

[0077] 1n one cmbodiment. the nanopanicle compaositions
produced by a flash precipitation of 1he invention are for-
mulated into 4 phanmaceutically acceptable liquid dosage
ferm for cral administration such as a svrup, solulion,
emulsion,  suspension, or  elixir. In additton w0 the
amphiphilic copolymer nanoparticulaies, the liquid dosage
forms may comprise inest diluems, solubilizing agenis, oils,
emulsifiers, adjuvanis suspending apents. sweeleners. wel-
ting agents, favoring agenis, perfuming agenis or other
compounds commonly used by those skilled in the ar.

[0078] 'The nanoparticle compasitions containing one or
more amphiphilic copelymers, with or withou! one or more
largel molecules, amd with vz without one or more supple-
mental additives which are produced by a Bash precipitation
of the invention can be administered to humnans and animals
via a number of mcans including but not limited o orally,
recially, parenlerally (intravenous, intramuscular, or subcu-
laneous), inlracisiernally, inlravaginally, intraperiioneally,
locally (in the form of powders, ointments or drops) or as 2
buccal or nasal sprav.

PARTICLE FUNCTIONALIZATION

[0079] naonther embadiment of the invenling, pre-cxisi-
ing, nann- or microparticles can be functionalized by treat-
ment wilh an amphiphilic copolymer. In this embodiment.
the pre-cxisting particle is dispersed in a solveni al a
coplrolled  temperature and pressure. An  amphiphilic
copolvmer is dissolved in a salvent capable of mixing with
the solvent comaining the pre-existing particle but have
different solubility characteristics for the amphiphilic
copolymer, The two solutinns are then mixed with a con-
trolled wmperature and mixing velocily causing seloelive
precipitalion af at Jeast wne amphilvie portion of the
amphiphilic copolymer and at least one amphilyvte portion of
the same copolymer remains soluble through flash precipi-
tation of the amphiphilic copolymer and the pre-cxisting
particles. The resulting product contalons particles that have
beenn  [unctionalized by [lash  previpitation  wilth  an
amphiphilic copolymer. Preferablv, the average size of the
functionalized particle is within 30%. of its initial size. The
ininal size af the particles can be <30um or over 2300 nm.
In a preferred embodiment, the ratio of pre-existing particle
to amphiphitic copolvmer is 1:1. Pre-cxisting particles can
be comprised of hiologically or organically active com-
pounds or precursors, anli-inflammalories, anii-depressants,
anti-oxidants, proteing, water insoluble vitaming, agricul-
tural actives ar precursors, ceramics, latex, glass, or meral.

LXAMPLES

[DDRD]  Some illusiraiive but non-limiting cxamples are
provided hereunder for the better understanding of 1he
present invention and for s embodiments.

[0081] For the examples cunlaining a substantial [ruction
of nanopanicles <100 om in diameigr. photon corrclation
spectroscopy was performed on a Trookhaven with an
ALVE0N0D multiple tau correlator w determine the average
pacticle size using a secand order cumulant fit. Tn accordance
with standard practice, the viscosity and index of refraction
of the snlvent at a volume percentage the same as after
mixing were inpul ax properties ol the Muid. A Malvern
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Mastersizer S version 2,15 was also vsed 1o determine the
particle size distribiiog based on volume. or similar 10 &
weight, [ikewise, the average particle size was based on
volume or mass, D[4.3]. The data abalysis used s polydis-
perse model and the Siandard-Wet (30HD) presentation that
assumes the particle is suspended in water. Some samples
were diluted with water for analysis. For all processing
cunditions. the waler used was purified by RO and {illered
and the temperawre is given within 2° C. The polvmer
blecks were nominal molecular weight with the nemencla-
lure (1000) deseribing a block neminally ol 100K g/mole.
The blecks could have conlained minor impurities (<10% by
weight and tvpically <5% by weight) due W the metbod of
synthesis.

EXAMPLE 1

[ON82] Nanoparticles of Polysiyiie-block-polyethyleneax-
ide (*PS{1000)-b-PEO(3000™) in Teirahydrofuran (“THF "}
and Water Made in a Continuous Flask Mixer

[0083] This example demanstrates the ability of the con-
tinunus flash mixer 1o produce nanoparticles that are <100
am in diameter hy controliing the mixing.

[6084] A 1wo1al of 0.71 grams of an amphiphilic block
copolvmer. PS(1G00)-b-PEO{3000), was dissolved in 132
grams of tetrabydroluran ("THF") and 48.4 grams of RO
purified waler. This mixture s concentration was (.35 weight
percent (w4 "y amphiphilic copolymer in THF conlainiay
20 volume percenmt ¢volume®™) water. FThe solution was
visually clear and free of particles. The <olution was mixed
al a 1:1 volume raljio with RO waler entering [rom the
second inlet in the continuous Nash mixer of FIG. 1 with an
inler diamcier of 0.5 mm and a conical outlet leading 10 a
tube diameter of I mm. The two solvent streams were at 25°
(.. through the inlet whes, The size of the nanoparticles
ereated by this process were eonirolled by adjusting the
average velocity of (he incoming stream between about 0,02
and 8.5 meters per second as shown in FIG. 3. Mean particle
size was abserved to be beiween about 22 nm and 55 nm
depending on mixing veloeity, with smaller particles resull-
ing with higher mixing velocities. Several milliliters of he
process stream exiting the mixer at cach operating condition
were collecied tn a sample wvial for analysis by photon
carrelation spectroscopy, Several samples al both high and
low mixing rales were assaved afler a period of two weeks
and shown to have a size within 6 nm of their original size.
indicating a stable particle size.

EXAMPLE 2

(0N8&%] Nanaparticles  of  PS(HHK)-b-PEOQ(R00H  and
f-Carotene in a 1:1 Rauo in THF and Waler Made in a
Coniinuous Flash Mixer

[00R6] ‘This cxample demonstraies that & pharmaceutical
compound, an antioxidant and a vitamin usefel for mammal
administration, cen be formulated as nanoparticles using
amphiphilic copelymers and 2 continuous fash mixer 10
vield a surface of PEQ groups. This example also demon-
strales thal the nanoparticles produced by flash precipiltation
are snfficicntly stable for post processing and snbsequent
formulation. One hundred percent of the panicles were less
than 700 nm and the average particle size was loss than 306
nm.

2\
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[0087] A wral of 3.32 grams of B-caratene, an additive
target molecule, and 3.32 grams PS{I000)-b-IPEQ(3000)
were dissolved in 123 grams of THF a1 33° C. These charges
correspund Lo 2.6 wibz copolymer, 2.6 w9 carolene and a
weight ratio of 1:1 for amphiphilic copolymer to additive
larget molecule. The sotution was a deep red color and
visually clear of particles. The process solvent stream was
mixed with water, entering lrom the second inlet at a volume
ratio of 1:0.94 in the continuous flash mixer at a temperature
of 35° (. Both streams entered the mixer through tubes |
mm in diameter. The diameter of the mixing vessel was 4.8
mm and the outlet was conical leading to an oultlet tube 2
mm in diameter. The average velocity of the B-carolene
stream was 2.8 m's corresponding 1o a total solids (when
dried) production rate of over 9 kgrday, or a liquid process-
ing rate (buth streams) of over 340 kidday. The 1otal solids
concentration of the mixer effluent after nanoparticle for-
mation was appreximaicly half the original value, or 2.6
Wikt

[ER] In a period ol approximately 20 secomds, 90.5
grams ol nanoparticle produer efluem from the continuous
flash mixer was collected in 444 prams ol agitating RO
waler and a well agitated sample was diluted further with
waler 10 a concentration suitable for analysis. The vield of
nanvparticles below 1060 nm was 1005 with a mean size ol
0.37 um as measured by a Malvern Mastersizer S. The
particle size distribution of this cxample is shown in FIG. 4.
The product was opaque and orange and no large particles
were dislinguishable by eye in any of the samples diluted for
analysis ar in the product stream. Three weeks later, a
second sample of the collecled product stream was agitated
and diluted further with water and analyzed. The yield
ofnanoparticles below 1060 nm was over Y9% as measurcd
by 4 Malvern Mastersizer § with 1 mean size of 0.42 mm.

EXAMPLL 2A

(0089] Nunoparticles of PS(1000)-b-PEO(3000) and
[}-Carotene in a 1:1 Ratio in THI and Water Made 1n a
Cantinuous Flash Mixer

[(M90] A tnal of 4.6 grams nf pearctenc and 4.6 grams
PS{1000-b-PEOGOOOY were dissolved in 166 grams of
THF at 35° C.. corresponding w0 2.6 wit% copolymer. 2 6
wif fi-carolene.and a weight tano of 1:3 for amphipbilic
copalymer 1o additive targel molecule. The solution was a
deep red color and visvally clear of particles, The process
solvent siream was mixed with water, entering {rom the
sccond ndel. at a volume ratio of 1:0.94 in the continuous
flash mixer a1 a 1emperature of 35° C. (see FFIG, 1), Beth
streams passed through the coil hea exchanger and entered
the mixer through a 1 mm-tube, The pressure of the incom-
ing streams were controiled at 17 psig.. and the receiver was
at atmospheric pressure. ‘The mixer chamber diametler was
4.8 mm and the outlel was conical leading (0 an outlet lube
of 2 mm. The average velocity of the provess solvent stream
was 4.3 m's carresponding 1o a liguid processing rale of over
500 kgrday and a total solids when dried production rate of
aver 13 kg.day. ‘The 1omal salids concentration of the mixer
¢fMuent alter nanoparticle formation was approximately half
the original value, or 2.6 wi% and comprised 30% f-caro-
ICRiC,

fO091] Ina perind of approximalely 10 scconds, 85 grams
of nanoparticle praduct efiluent fram the contineous flash
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mixer was collected in 488 grams of RO water in a separate
holding tank and a well agitatcd sample was diluied further
with witer 10 a concentration suitable for analysis. The yield
of nanopurticles below 1060 nm was 100% wilh 4 mean size
of 0.36 um as mensured by a Malven Mastersizer S. The
product was opaque and orange and no large particles were
distinguishable by ¢ve io any of the samples diluted for
unalysis or in the product stream. Three months later without
agitation 1n between, 1 second agirtated sample of the col-
lected product stream was 1aken and diluted further with
waler and analvzed, The vield of nanoparticies below 1066
nm was 1005 as measured by a Malvern Mastersizer S with
4 mezn size of 0.40 ym. This result indicated the sufficient
stability of the nanoparticles was achicved to conduct addi-
iional post processing steps.

EXAMPLE 213

{00921 Post Processing Treatment of Nanoparticles of
PE100K0)-b-PEOAG00) and [3-Carolene

[0093] This example dermonstrales a past processing pro-
cess useful for the formulation of target molecules of a
pharmaceulical lor administration as a liguic.

[0094]  Approximately, half the effluent collected in
Example 24, 305 g, was distilled under reduced pressure al
a temperature less than 70° C. Atolal of 3.3 volumes of RO
waterwas added pertion-wise in four parts bringing the
concentration to the starting valie prior {o the next additon.
The final concentration was the same as the original and the
resulting particle size distribution of this example was
measured the next day with results as shown in FIG, 5. The
vield ofnanaoparticles below 1060 nm was 1009 with a mean
size of (1.36 um as measured by a Malvern Masiersizer 8 and
with a average size less than 400 nm.

EXAMPLE 2C
[0095] Filrwion and lLyophilization of Nanoparticles

[0096] A 1.2 pm (nominal) avlon syringe filter was dried
under vacuum at 8(° C. A poriion of the nanopariicle
product of example 213, atter the post processing treatmem
1o remnwve solvent ane aller aging the material a1 room
tlempecature for 11 weeks in a sealed bottle in a quiescent
state. was apiisted and filtered through the same 1.2 um
nvlen filier at room wmperature followed by a RO water
wash of 0,14 volumes, A tasal of 177 mg of sucrose was
added to the littrate and the combination was iyophiliZzed 1o
obtain 300 mg of & solvent and aquecus free powder.
Meanwhile, the filier was again dried under vacuum at 80°
C. and less than | mg of product was caught on the filter. less
1% of the nanopaticles present. No microparticles were
visible to the eve on the filier, A sample of the filtraie afler
the additive of sugar analyzed by the Maslersizer $ showexl
essentially the same particle size as measured previously;
1004 of the particles were <1000 nm in diameter and had
a mean size of .36 gm,

EXAMPLE 3

[0097] Nunoparticles ol PS{L000)-b-PEQ(3000) and
B-Carotene in a 1:6.3 Ratio in THLE and Water Made in a
Continuous Tlash Mixer

[0098] Several nanoparticle solutions were prepared from
process  solvent  containing 040 wi%  PS(1000)-b.
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PEO{ION) and 2.6 wiZ f-carotenc copolymer with a
weight ratio of 1:6.5 [or ampbiphilic copolymer to additive
targel molecule in THE at 33° C. using waler as ihe
non-provess solvent The mxing velocilies for cach process
are presented in Table J below. Final nanoparticle solutions
were diluled in water and agitated tor measarement,

[U099]  The intal solids concentration of the mixer effluent
after panaparticle formation was 1.5 wi%. The nanopariicie
produet stream was added 1o RO water in the agitaled vessel
al a ratic of 1:4 10 1:6. This mixture was then diluted again
with waicr [0 a conceniralion appropriate for particle size
analysis using the Mastersizer §.

TABLE 1
PE(1000)-b- Mixing  Liguid
B-caratens PEO2000) THE Velacity Product  H,O
(8) (g ralie (2] {m/ses) (2) (e)
277 34145 G.34 163 020 it 160
24 G.2a o7 38 0.90 £26 444
2.72 0415 G.Ed 102 1.27 431 150
2383 [FEE 0.4 s it} 956 1 d44
4.02 0I5 a8 134 284 BHE dde
6.18 0.96 G403 At 4.27 52.6 248
618 L8 fdd 23 427 605 175

[0100} The average velocity of the stream containing the
copalymer and larget molecule was between abour 0,910 4.3
m/sec and the resnlting nanoparticles characieristics are
displayed in FIG. § with mosl particles displaving an
average diameter of <03 wm and all parricles having an
average diameter of <0.1 gm. The nanoparticle praduction
rale (dry salids coment) reachzd over 7.5 kg/lay and the
Auid processing rate exceeded 300 kg dav. The 1otal solids
concenraton of the mixer eflluent after nanoparticle lor-
mation was approximately balf the original value, or 1.3
wtth and comprised 85%. target molecule by weight,

[0101] Higher velncitics produced higher viclds of nano-
parlicles or a smalles nanaparticle size as shown io FIG, 6,
The stability of the run at a velocity ol 4.3 misec was ested
two weeks later and found 10 be acceptable for post pro-
cessing, a total of 91% of the particles were less than
1060nm in diameter, These examples demonsirate sparing
guantitics of lhe amphiphilic copolymer can be used 1o
afford the desired nanoparticle production.

CXAMPLE 3B

[0102] Nanoparticles of  PS(LO00Y-PEO(3D00)  and
fi-Carctene in a 1:6.5 Ratie in TIIF and Water Made in a
Continuous Flash Mixer

[0103]  The conditions ol Example 3 were the same except
that the mixing velowily was 030 m7 At this veloeity, the
mixer plugged with particles since the particles were formed
at a size 2 larpe fraction of partcles were lormed at a size
significanmily larger than | g,

EXAMPLE 4

[0104] Nanoparticles of  PS(1000y-b-PEQ(3000) and
fi-Carotenc in a 1:0.5 Rado in THE and Water Madc in a
Batch Flash Mixer

[0105] ‘The purpose of this example was 10 demonstrate a
flash mixer in a baich configuration could be used lo create
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nanaparticics of a pnarly water-soluble pharmaceutical com-
pound uscful Tor administration 1o manmals. The example
was also condecled o demonstrate the mixing velogily far
the Nlash precipitation cun be represented by a moving
surface.

[0106] The THF salvent stream conlained dissolved 0.40
wit%  PS(1000)-b-PLOING) copolymer and 2.6 wi%
[i-carotene, a weight ratio of 1:6.5:1 for amphiphilic capoly-
mer 1o addiiive targes molecule. The process snlvent was fed
[rom a syringe pump through e coiled stainless siee] tube 4"
inches in diametcr and submersed in a water bath a1 35° C.
Within 10 inches after exiting the bath, the mube entered the
mixing vessel conlaining RO waler amd was connuected 1o a
tube 1 mm in diameler tube below the water surface. The
process solvent was fed into the zone of high intensity of the
mixing vesscl within 3 mm of a miechanical agitator.

[0107} The fluid jet velocity of the process solvent exiting
the inlet tube was varicd berween 0,26 m/s and 4.1 m/s and
the mechanical agitalor tip speed was varied between (.26
m/s andl 4.1 m/s. Each combination of jel velocily and tip
speed is presented in FIG. 6 with the greatest volume
percent of particles having a diameter of <1060 nm when the
Jer velocily and agitator tp speed were high. 'The nrganic
steeam was charged 10 180 grams of RO water at 35° C. 1o
a volume rutio witl the exception of Example 1D 62 in
which the charge was 128 grams. The data in FIG., 7 was
collected by Further dilution of the batch product stream to
that appropriate for analysis by the Mastersizer S, AL the
lowest mixing velocity evaluated, 0.26 m/sec, 18% cf the
particles were less than 1060 nm in diameter. Al} other
mixing velocitics produced more than 63 volume. of
particles less than 1060 nm with the yrealest amount of
paritcles less than 1060 nm a1 87 volume% and a volume
mean sizge of 0.65 1m. A high ratio of additive largel
malccule to amphiphilic copalvmer was used and the prod-
uct stream car: be produced at a high concentration (0.9 wit.
solids an a dry basis of which over 85% was largel molecule
as shown in Example 11 66).

[0108] As with (he continuous flash mixer, a threshokd
mixing velocily 1s required to ensure that over 63% of the
nanoparticles by volume are less than 1060 nm in diameter.
In addition, the mixing velagity of the agitator and the fluid
Jet velocity can affect the volume? of nanoparticles thar are
less than 1060 nm. For equipment agitated by mechanical
meaas, the mixing velocity characteristic of the moving
surtaces provides a rapid mixing time and causes flash
precipitation.

EXAMPLE 5
[0109]

mcr

B-carotene in THE with no Amphiphilic Copoly-

[M10] Two solutions of TIF were made with 2.6 wi%
frearstene. One solution contained THE and P-carokoc
only and the other coniained 0.4 wi¥ of a common surfac-
tunl, the puloxamer, FETE (pulvoxypropylenepolyoxyeth-
¥lenc available from BASF). of the type used for pharma-
ceutical applications. The average jel velocily was 1.4 m's
apd fhe agitator tp speed was 1.4 mis lor bath solution
examples. The pracess solvent was charged througha 1 mm
tube, within 3 mm of the agitator. 1o 180 grams of RO water
a1 35° . or 38° UL and to a volume ratio of §: | non-pracess
solvent 1o pracess solvent. In the absence of any copolymer
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