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Abogado
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ASUNTO Radicacion 09-062883
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Evento 378
Actuacion 519
Oficio |
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Patente de Invencion \‘ZI Patente de Modelo de Utilidad
Via Nacional
Via PCT (Fase Nacional) Capituio | v Capitulo Il
No. Soligitud Internacional PCT/EPZ007/011293
Fecha de Presentacién Internacional 20/Diciembre/2007

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decisién 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

| Descripcion: Folios 56 a 94 » 17/Juniof2009
Reivindicaciones: Folios 95 a 99 17/Junio/2008
' Prioridad: EP 06126964.3 22/Diciembre/2006

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porgque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada. '

3. Objeto de la invencion

Titulo de 1a solicitud: "FORMULACION FARMACEUTICA QUE COMPRENDE UN
ANTAGONISTA DE NEUROCININA"

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
formulaciones farmacéuticas de N-[(R)-epsilon-caprolactam-3-il}-amida de acido (4R)-
4-[N'-metil-N'-(3,5-bistriflucrometil-benzoil)-amino-4-(3,4-diclorobencil}-but-2-enoico de
facil administracion y preparacién, de mayor biodisponibilidad y menor variabilidad en
respuesta a la dosis.
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Para resolver este problema técnico la solicitud en estudio proporciona una dispersion
solida que comprende N-[(R)-epsilon-caprolactam-3-ilj-amida de acido (4R)-4-[N'-metil-
N'-(3,5-bistrifluorometil-benzoil)-amino-4-(3,4-diclorobencil)-but-2-encico 0 una sal
farmaceuticamente aceptable o solvato del mismo y un vehiculo

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A81 K 9/14 // 9/16 // 31/55 /f 31/165

4. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de la reivindicacion 24 no es patentable de acuerdo con el Art citado.
5. De la Solicitud de Patente

Titulo

El titulo no corresponde con el objeto de la solicitud porque no define las
caracteristicas esenciales de la invencion puesto que las formulaciones farmacéuticas
que comprenden antagonistas de neurocinina ya son conocidas en el estado de la
tecnica, por lo cual se sugiere al Solicitante hacer la correccién necesaria.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacion 2 no es clara cuando reclama una dispersion solida de acuerdo con
la reivindicacion 1 que comprende semihidrato de N-[(R)-epsilon-caprolactam-3-il]-
amida de é&cido (4R)-4-[N-metil-N'-(3,5-bistrifluorometil-benzoil)-amino-4-(3 4-
diclorobencil)-but-2-encico y un vehiculo, esta forma de reclamar el segundo
componente no es valida pues no define un componente como tal. Se requiere hacer
las correcciones necesarias.

La reivindicacion 7 no es clara cuando reclama una dispersion solida donde e!
vehiculo puede comprender uno o mas agentes de anti-adhesién, llenadores inertes,
agentes tensoactivos, agentes humectantes, modificadores de pH o aditivos. Esta
manera de definir este componente de la formulacién no es aceptable, puesto que no
se define ningun componente como tal. Se recuerda al solicitante que las
composiciones se deben definir por caracteristicas técnicas esenciales como son los
ingredientes activos y auxiliares de formulacion especificos. Igual observacion aplica
para la reivindicacion 9.

La reivindicacion 8 no es clara cuando utiliza el término “por lo menos” el cual no es
limitativo ni preciso. Se sugiere sustituirlo por un término preciso o un rango concreto.
lgualmente cuando reclama una composicion en combinacién con por 1o menos un
excipiente farmacéuticamente aceptable no define ninglin componente como tal. Se
recuerda al solicitante que las composiciones se deben definir por caracteristicas
técnicas esenciales como son los ingrediente s activos y auxiliares de formulacion
especificos.

La reivindicacion 19 no es clara cuando utiliza el término “al menos” el cual no es
limitativo ni preciso y no permite distinguir la invencion del estado de la técnica. Se
sugiere sustituirlo por un término precise o un rango concreto.
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La reivindicacion 20 no es clara cuando se utilizan los términos “tales como” y
“preferiblemente” los cuales no son limitativos ni precisos y no permiten distinguir la
invencién del estado de la tecnica. Se sugiere sustituirlos por términos precisos o
rangos concretes.

6. Determinacion del Estado de la Técnica

El Estado de la Técnica se determind con base en la fecha de Presentacion de la
Solicitud de Prioridad: Diciembre 22 de 2006, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

item Documento Titulo piﬁﬁ:ﬁgn
D1 WO9807694A Acy'a;‘;”ﬁ;gk:ﬂge&‘ﬁé’mfazg’rﬁ;":“"es 26/Febrero/1998
D2 | WO2005039363A2 | oo e mence | 06Mayol2005
D3 | W02005074891A M"ggﬁfgs’l';;DS"‘UEZ{;‘JC':?’;ES?”",;‘?S‘“9 18/Agosto/2005
or | cmmma | 9Dt s <P | o

D1

hitp:/iworidwide. espacenet.com/publicationDetails/originalDocument?CC=WOA&NR=9807694A18KC=
A1&FT=D&ND=3&date=199802268 DB=worldwide espacenet.com&locale=en_EP divulga (pagina
1, paginas 14 a 16, pagina 45 reivindicacion 11) una composicién farmacéutica
comprendiendo Antagonistas NK1 y NK2.

D2
htto:/iworldwide.espacenet.com/publicationDetails/originalDocument?CC=WOENR=2005039563A2&
KC=A2&FT=D&ND=38&date=20050506&DB=worldwide.espacenet.com&Ilocale=en_EP divulga
(paginas 1, 7 y 8 ; pagina 16 reivindicacion 9) una composicion farmacéutica
comprendiendo antagonistas de neurocinina

D3
hitp://worldwide.espacenet.com/publicationDetails/originalDocyument?CC=WO&NR=2005074831A1&
KC=A1&FT=D&ND=3&date=20050818& DB=worldwide espacenet com&iocale=en EP divuiga
(paginas 1y 2; pagina 7; pagina 28) una formulacién farmacéutica comprendiendo
un antagonista de sustancia P y un proceso para su preparacion

D4

http:/iworldwide. espacenet.com/publicationDetails/originalDocument?CC=GB&NR=2334417AGKC=A&FT
=D&ND=4&date=20040428&DB=worldwide.espacenet.com&locale=en_ER divulga (pagina 1 linea 1
apagina 2 linea 4; pagina 4, lineas 17 a 19; pagina 6 lineas 24 a 26; pagina 11 lineas

8 a 16; paginas 15 a 19, ejemplos 1 a 14) una dispersion solida de un compuesto
antagonista de sustancia P y un proceso para su preparacién.

7. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

la reivindicacion 1 consiste en una dispersion sélida que comprende N-[{R}-epsilon-
Expediente 09-62883 ter Art 45



116
caprolactam-3-il]-amida de acido (4R)-4-[N'-metil-N'-(3,5-bistrifluorometil-benzoil)-
amino-4-(3,4-diclorobencil)-but-2-enoico o una sal farmacéuticamente aceptable o
solvato del mismo y un vehiculo,

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica

Caracteristicas esenciales

D1

Cispersion sélida que comprende
N-[(R}-epsilon-caprolactam-3-il]-
amida de acido {4R}-4-[N'-metil-
N'-{3,5-bistrifluorometil-benzoil}-

© amino-4-(3,4-diclorobencil}-but-2-
. enoico

Composicién farmacéutica que comprende compuestos
de formula (B

R N
\C/ R .\\\ /C\ /Rs
1 <|: N
0 H

R, R, R,”

R es 3,5 bistrifluorometilfenilo
R1 es metilo

R2 es hidrogeno

R3 es 3.4 diclorofenil

R4y R4" son hidrogeno

R$% es azacicloheptan-2-on-3-il
{pagina 8)

La composicidn farmacéutica para administracion oral
corresponde a grageas, tabletas y capsulas los cuales se
abtienen por combinacion del ingrediente activo con
vehiculos sélidos (pagina 14)

Las caracteristicas esenciales de la composicién de la reivindicaciéon 1 habian sido
divulgadas previamente en D1, el cual da a conocer una composicion farmacéutica
dispersa en un vehiculo sélido (pagina 14) comprendiendo el farmaco N-[{R)-epsilon-
caprolactam-3-il]-amida de acido (4R)-4-[N'-metil-N'-(3,5-bistrifluorometil-benzoil)-
amino-4-(3,4-diclorocbencil}-but-2-enocico (pagina 6)

En consecuencia, la reivindicacién 1 no es nueva 6 carece de novedad, segun lo

divulgado en el documento D1.

Puesto que las reivindicaciones 2 - 13, 16 - 18 y 23 no presentan caracteristicas
nuevas adicionales tampoco se pueden considerar nuevas

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica
AT al

Caracteristicas esenciales

D2

diclorobencili-but-2-encico

Y F
F—eoc”

Dispersion sélida que comprende N-[{R})-epsilon-
caprolactam-3-il]-amica de acido (4R)-4-[N-metil-N'-
{3,5-bistrifiuorometil-benzgil)-aming-4-(3,4-

Composicion farmaceutica
preparada como se describe en el
documento WO 98/07694 (D1)
correspondiente a tabletas y
capsulas (pagina 8) comprendiendo
el farmaco de formula (1)

{pagina 7)

L
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Las caracteristicas esenciales de la composicidn de la reivindicacion 1 habian sido
divulgadas previamente en D2, el cual da a conocer una composicidon farmacéutica
solida comprendiendo el farmaco N-[(R)-epsilon-caprolactam-3-ilj-amida de acido
(4R)-4-[N'-metil-N'-(3,5-bistrifluorometil-benzoil)-amino-4-(3,4-diclorobencil)-but-2-
enoico (paginas 7 y 8)

En consecuencia, la reivindicacién 1 no es nueva 6 carece de novedad, segun lo
divulgado en el documento D2.

Puesto que la reivindicacion 2 — 13, 16 - 18 y 23 no presentan caracteristicas nuevas
adicionales tampoco se pueden considerar nuevas

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica
Caracteristicas esenciales B D3 i !
Composicién farmacéutica ‘l
espontaneamente dispersable que
comprende Una amida de acido 5-
aril-4-carboniaminc-pent-2-enoico
para administracién oral (paginas 2
y 3}

Dispersién solida que comprende N-[(R)-epsilon-
caprolactam-3-ill-amida de acido {4R)-4-[N'-metil-N'-
{3,5-histrifluorometil-benzoil)-amino-4-(3,4-
diclorobencil)-but-2-enogico

El principio activo cerresponde a un
. compuesto de férmula |

; |
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Las caracteristicas esenciales de la composicion de la reivindicacion 1 habian sido
divulgadas previamente en D3, el cual da a conocer una composicién farmacéutica
espontaneamente dispersable que comprende como principio activo el compuesto N-
[(R)-epsilon-caprolactam-3-il]-amida de acido (4R)-4-[N"-metil-N'-(3,5-bistrifluorometil-
benzoil)-amino-4-(3,4-diclorobencil)-but-2-enoico

En consecuencia, la reivindicacion 1 no es nueva ¢ carece de novedad, segdn 1o
divulgado en el documento D3.

Puesto que las reivindicaciones 2 y 6-9 no mencionan caracteristicas nuevas
adicionales tampoco se pueden considerar nuevas.

En consecuencia las reivindicaciones 1-13, 16 — 18 y 23 carecen de novedad.
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Nivel Inventivo (Art18 D486)

La reivindicacion 14 consiste en una composicidon farmacéutica de acuerdo a las
reivindicaciones 8 a 13, en donde la composiciébn farmacéutica es wun
jarabel/suspension que comprende un polvo seco, el cual es reconstituido con un
liguido acuoso,

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica

SOLICITUD D1 D3 _
Composicion farmacéutica que Composicion farmacéutica que © Composicién

. comprende N-[(R)-epsilon- comprende N-[{R)-epsilon- farmaceéutica que
caprolactam-3-ill-amida de acido caprolactam-3-il]-amida de t comprende N-[(R)- !
(4R)-4-[N'-metil-N'-(3,5- acido (4R)-4-[N-metii-N'-(3,5- ' epsilen-caprolactam-3- |
bistrifluorometil-benzoil)-amino-4- bistrifluorometil-benzail}- . fl]-amida de &cido
(3. 4-diclorobencil}-but-2-enoico amino-4-(3,4-diclorobencil)- (4R)-4-[N'-metil-N'-

1 COMO principic active, but-2-enaico como principio (3.5-bistrifluorometii-
estearato de magnesio como I activo, estearato de magnesio ' benzoilj-amino-4-{3,4-
agente lubricante. almidén de como agente lubricante, diclorobencil)-but-2-
sodio-carboximetilo o crospovidona | almidon de carboximetilo, enoico como principio
como agente de desintegracion, como agente de activo, y diversos

! silice coloidal como agente de desintegracién, silice coloidal aditivos {pagina 27)
desliz correspondiente a un como agente de lubricante I correspondiente a una
jarabe/suspensién que camprende | {pagina 15, pagina 38 ejemplo | solucidn oral {pagina

un polve seco, el cual es A) correspondiente a grageas, | 32, ejemplos 1 a 3)
reconstituido cen un liquido acuoso. | tabletas y capsulas

Los documentos D1y D3 se consideran el estado de fa técnica cercano a la invencidn
definida en la reivindicacion 14 porque composiciones farmaceéuticas que comprenden
el compuesto N-[(R)-epsilon-caprolactam-3-il]-amida de acido (4R)-4-[N'-metil-N'-(3,5-
bistrifluorometil-benzoil)-amino-4-(3,4-diciorobencil)-but-2-enoico (D1 paginas 38 a 40,
ejemplos A a E) (D3 pagina 32, ejemplos 1 a 3)

La diferencia entre la invencién, definida en la reivindicacién 14 y la composicion de
D1 consiste en que D1 no divulga especificamente la composicion farmacéutica
consistente en un jarabe/suspensiéon gue comprende un polvo seco, el cual es
reconstituido con un liguido acuoso.

La diferencia entre {a invencién, definida en la reivindicacién 14 y la composicion de
D3 consiste en que D3 no divulga especificamente los excipientes: estearato de
magnesio, almidon carboximetilo, crospovidona y silice coloidal.

El efecto que logra el incluir una composicion farmacéutica consistente en un
jarabel/suspensidn es proporcionar una composicion farmacéutica comprendiendo el
compuesto N-[(R}-epsilon-caprolactam-3-il]-amida de acido (4R)-4-[N'-metil-N'-(3.5-
bistrifluorometil-benzoil)-amino-4-(3,4-diclorobencil)-but-2-enoico de facil
administracion.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: "cédmo modificar la composicidn conocida en D1 para proporcionar
una composicion farmacéutica de facil administracion.

Sin embargo, la utilizacion de formulaciones liquidas de administracion oral que
comprenden el compuesto N-[(R)-epsilon-caprolactam-3-il]-amida de acido (4R)-4-[N'-
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metil-N'-(3,5-bistrifluorometil-benzoil)-amino-4-(3 4-diclorobencil)-but-2-enaico, ya esta
divulgada en el documento D3 que se refiere a soluciones orales que comprenden el
principio activo reclamado (pagina 32, ejemplos 1 a 3)-

lgualmente la preparacién de jarabes y suspensiones para administracién de farmacos
en pacientes pediatricos ya es conocida en el estado de la técnica .

En consecuencia, la persona del oficio normalmente versada en la materia, faciimente
utilizaria una composicién liquida de administracion oral como lo divulga D3
comprendiendo un polvo seco reconstituido con un liquide acuoso comprendiendo
hidroxipropilmetilcelulosa como vehiculo, estearato de magnesio como agente
lubricante, almidon de carboximetilo, como agente de desintegracion, silice coloidal
como agente lubricante como lo divulga D1 (pagina 15) para llegar asi al objeto de la
reivindicacion 14 de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicacion 15 no presenta caracteristicas inventivas adicionales
tampoco se puede considerar inventiva.

La reivindicacion 19 consiste en un procedimiento para hacer una dispersién solida de
acuerdo a cualquiera de las reivindicaciones 1 a 7 que comprende los pasos de a)
disolver o suspender N-[{R)-epsilon-caprolactam-3-ill-amida de acido (4R)-4-[N'-metil-
N'-(3.5-bistriffluorometil-benzoil)-amino-4-(3,4-diclorobencil)-but-2-encico o una sal
farmaceuticamente aceptable o solvato del mismo y el vehiculo en un solvente para
formar una solucion o suspension ; y b1) secar la solucion o suspension para dar una
dispersion en forma de polvo seco o b2) o granular por aspersion la solucion o
suspension en al menos un llenador inerte, excipiente y al menos un agente de anti-
adhesion.

Comparacion de las caracteristicas técnicas esenciales, con ias del Estade de la Técnica

- SOLICITUD 1 D1 :1 D4 '
. Preparacion de la dispersion  solida | B _ ;
mediante los pasos: a)disolver ¢ suspender :(;ifl)aorz%g; ?:rumnaacéutica : Preparacion de la
N-[{R)-epsilon-caprolactam-3-il}-amida de P dispersién sélida
acido (4R)-4-[N-metil-N'(3,5- | consistente en mezclarel | o o o dicoiucion del |

e o0 0 arined (A Ao compuestc N-[{R}- . i
bistrifluorometil-benzoii)-amino-4-(3,4 . : farmaco antagonisia de
diclorobencil)-but-2-enoico o una sal :ﬁnigc;ﬂéza;é%zitfg'ij”' ia sustancia P y el
farmacéuticamente aceptable o solvato del ’ vehiculo en una mezcla

mismo y el vehiculo en un solvente para g?s-t?flitg-rgrr—w(st‘i&enzoil)- de etanol y acetona,
formar una solucién o suspension ; y b1) amino-4-(3,4- posterior evaporacion

secar |la solucion ¢ suspensicn para dar una
dispersion en forma de pelvo seco o b2) o
granular por aspersién la solucién o
suspensién en al menos un llenador inerte,
excipiente y al menos un agente de anti-
adhesion,

‘ . hasta obtener una pasta
diclorobencil)-but-2- viscosa y final secado

enoico con el vehiculo y
ey - | hasta obtener un polvo
los excipientes y posterior fino (paginas 15y 16.

granulacion (paginas 38y : _.
39 ejemplos A a C) gjemplos 126).

L

Los documentes D1y D4 se consideran el Estado de la técnica cercano a la invencion
porque divulgan un proceso para obtener dispersiones de farmacos antagonistas de
sustancia P

1. Gennaro R Alfonsc. Remington Farmacia 19° edicion 1995, Philadelphia College of Pharmacy and
Science. Paginas 2303, 2304, 2323 y 2324 (Ver folios 123 a 126)
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El proceso reclamado difiere del proceso de D1 en que D1 no divulga el proceso de
disolucién de la mezcla farmaco-vehiculo y posterior secado.

El efecto logrado por el hecho del proceso de disolucién de la mezcla farmaco-
vehiculo y posterior secado es proporcionar un proceso de obtencion de una
dispersion solida de mayor biodisponibilidad.

Por lo tanto, el Problema técnico objetivo a resolver consiste en “cémo modificar el
proceso conocido en D1 para obtener preparaciones farmacéuticas de mayor
biodisponibilidad.

Sin embargo, el proceso de disolucidn de la mezcla farmaco-vehiculo y posterior
secado, ya esta divulgado en el documento D4 que divulga un proceso de disolucion
de la mezcla de farmaco y vehiculo en una mezcla de acetonal/etanol y posterior
secado (Ver paginas 15 y 16, ejemplos 1 a 6, paginas 17 y 18 ejemplo 10, tabla 3,
figura 1).

En consecuencia, la persona del oficio normalmente versada en la materia, utifizaria el
proceso de disolucion en un solvente y posterior secado tal como lo divulga D4 para
producir una dispersién sélida del principio activo de la compaosicion divulgada en D1
(Ver {paginas 38 y 39 ejemplos A a C} para llegar asi al objetc de la reivindicacién 19
de la solicitud. Por lo cual se considera obvia.

La reivindicacion 20 consiste en un procedimiento segun la reivindicacion 19 en donde
en el paso (b2) el llenador inerte se selecciona del grupo que consiste de compuestos
solubles en agua o insolubles en agua tales como lactosa, sacarosa, amilosa,
dextrosa, manitol e inositol, xilitol, celulosa microcristalina, pero preferiblemente
lactosa, manitol o celulosa microcristalina y el agente de anti-adhesion se selecciona
del grupo que consiste de Didxido de Silicio coloidal y Talco.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica
SOLICITUD D1 D4
Preparacion de una
COmposicion
farmacéutica
consistente en mezclar
el compuesto N-[(R)-
epsilon-caprolactam-3-
il]-amida de acido (4R)- o
4]-[N'-mezi|-N'_(3 5 (pagina 19 1abla ¢
L o . ejemplos 11-14).
g:;tirr"gf_rénle_m benzoil)- El material de relleno |
diclorobencil)-but-2- inerte es lactosa, |
|

. rosa [ .
enoico con el vehfculo y sacarosa, amll'osa_ .
> dextrosa, manitol, inositoi
los excipientes y

X . lulosa microcristzlina
osterior granulacién y C,e. ,
?péginas g& )39 (pagina 6 lineas 24 a 26) l

ejemplos Aa C)

Proceso de disclucion de
la mezcla farmaco-
vehiculo por en una
mezcia de alcohol- '
acetona y posterior i

Preparacion de |a dispersion sélida
mediante procedimiento segun el cual
el llenador inerte se selecciona del
grupo gue consiste de compuestos
solubles en agua ¢ insolubles en agua
tales como lactosa, sacarosa, amilosa,
dextrosa, manitol e inositol, xilitol,
celulosa microcristalina. pero
preferiblemente lactosa, manitol o
celulosa microcristalina y el agente de
anti-adghesién se selecciona del grupo
que consiste de Didxido de Siiicio
coloidal y Talco.

secado por aspersion

Los documentos D1 y D4 constituyen el estado de la técnica cercano a la invencién
porgue dan a conocer un proceso para obtener dispersiones de farmacos antagonistas
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de sustancia P. (D1 paginas 38 y 39 ejemplos A a C ) (D4 pagina 6 lineas 24 a 26,
pagina 19 tabla 4 ejemplos 11-14)

El proceso objeto de esta solicitud se diferencia del proceso mencionado en D1, en
que no divulga el proceso de disolucion de la mezcla farmaco-vehiculo y posterior
granulacion por aspersion utilizando como agentes de rellenc inerte y como agentes
de anti-adhesion los excipientes mencionados en la reivindicacién 20

Elefecto de incluir el proceso de disolucién de la mezcla farmaco-vehiculo y posterior
granulacion por aspersion es proporcionar un proceso de obtencién de una dispersién
solida de mayor biodisponibilidad.

Por tanto, el Problema Técnico Objetivo consiste en “como modificar el proceso
conocido segun D1 para obtener preparaciones farmacéuticas de  mayor
biodisponibilidad.

D2 describe el proceso de disolucion de la mezcla farmaco-vehiculo y posterior
aspersion sobre un agente de relleno inerte, el cual corresponde a lactosa, sacarosa,
amilosa, dextrosa, manitol, inositol y celulosa microcristalina (Ver pagina 6 lineas 24 a
26, pagina 19 tabla 4 ejemplos 11-14).

lguaimente los procesos de secado por aspersidn, granulacion por aspersién sobre un
material de relleno inerte y extrusion por fusidén para proporcionar bicdisponibilidad,
mayor solubilidad y estabilidad a una composicion farmaceéutica ya son conocidos en
el estado de la técnica®®*,

La reivindicacion es obvia, porque la persona del oficio normalmente versada en la
materia facilmente llevaria a cabo el proceso de disolver la mezcla farmaco-vehicule
utilizando como vehiculo un derivado de celulosa, un polimero o polivinilpirrolidona
segun lo divulgado en D4 (Ver pagina 4, lineas 17 a 19, paginas 15a 19, ejemplos 1 a
14), y posterior granulacion por aspersion utilizando como relleno inerte compuestos
seleccionados de lactosa, sacarosa, amilosa, dextrosa, manitol, inositol y celulosa
microcristalina (Ver pagina 6 lineas 24 a 26) y como agentes de anti-adhesion didxido
de silicio coloidal y talco como una seleccion de excipientes igualmente probables de
ser utilizados y teniendo en cuenta como principio activo el compuesto N-[(R)-epsiion-
caprolactam-3-il]-amida de acido (4R)-4-[N'-metil-N'-(3,5-bistrifluorometil-benzoil)-
amino-4-(3 4-dictorobencil)-but-2-enoico que se divulga en D1 (Ver pagina 6), llegando
de esta forma al proceso objeto de la reivindicacion 20.

Por lo cual el proceso de la Reivindicacién 20 carece de Nivel Inventivo.

Puesto que las reivindicaciones 21 y 22 no mencionan caracteristicas inventivas
adictonales tampoco se pueden considera inventivas.

2. Gennaro R Alfonso. Remington Farmacia 19° edicion 1995, Philadelphia College of Pharmacy and
Science. Paginas 2485, 2488 y 2489. (Ver folios 127 y 128)

3. Breitenbach J. Melt extrusion: from process to drug delivery technology. European Journal of
Pharmaceutics and Biopharmaceutics. 54(2002) 107-117. Septiembre/2002. (Ver folios 129 a 13%)
4. Leuner C, Dressman J. Improving drug solubility for oral delivery using solid dispersions. European
Journal of Pharmaceutics and Biopharmaceutics. 50{2000) 47-80. Julio/2000. {Ver folios 140 a 153)
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En consecuencia las reivindicaciones 14, 15 y 19 — 22 cumplen el requisito de
novedad (Art. 18), pero no cumplen con el requisito de nivel inventivo (Art. 18).

8. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Item Documento Reivindicaciones afectadas Requisito que afecta
1-13,16-18 23 Novedad
& WOSB07694A 12,1519 - 22 " Nivel Inventivo
D2 WO2005039563A2 1-13,16-- 18,23 Novedad
1,2,6-9 Novedad
1 D3 | \W02005074831A 14, 15 Nivel Inventivo
| D4 GB23%4417A | 1922 ©__Nivel Inventivo

En cumpiimiento del articulo 45 de la Decisién 486 de la Comisién de ia Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al 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
capitulg quinto del titulo primero de la Circular Unica No. 10 de 2001.

JESUSVFERNEL GARCIA GARCIA

Duractor Ao

ot IR‘:UCde CIUdLiUHEb (E)

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

2720, 2012

Elaborado por: Rodolfo Cadena Amaya. ¢ M
Revisado por: Gloria Jacqueline Alfonso.Qﬁ
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Abstract

Starting from the plastic industry. today melt extrusion has found its place in the array of phammaceutical manufacwuring operations. This
arlicle reviews the process technology with regard to the set up and specific elements of the extruder as well as its application. Mell extrusion
processes are currenty applied in the pharmacentical field for the manufacture of a variety of dosage forms and formulations sueh as
granules. pellets. wblets. suppasitorics, implants, stents. transdermad systems and ophthalmiic inserts. As u specitic ureu the nunufucture of
solid dispersions. in particular, solid molecular dispersions using the melt extrusion process is reviewed. Meli extrusion is considered 1a be an
efficient technology in this ficld with particular advantages over solvent processes like vo-precipitation, Patential drawbacks like the
influence of heat stress and shear forces on the drug active have heen avercome in a number of examples with drugs of different chemical
structure. Examples of sultable excipients and recent findings like seli-emulsifving preparations are presented. The article concludes with a
number of published examples of melt extrudates applying the principle of solid molecular dispersions. Improved bioavailability was

achieved again demonstrating the value of the technology as a drug delivery ool. @ 2002 Published by Elsevier Science B.V.

Kewwords: Melt exirusion: Selid dispersion: Solid molecular dispersion; Exiruder: Bioavailability: Solubsility

¥. Introduction

Indusirial application of she extrusion process dates back
10 the 1930's [11. One can therefore consider the exirusion
process as being a welk elaborated manufacturing technol-
ogy with a plethora of different technical solutions already
available in oiher fields. Extrusion is a process of converting
a raw material nto a product of uniform shape and density
by forcing it through die under controlled conditions {2].
Extrusion may be operated as a contineous process, which
affords a consistent product flow ideally at relatively high
throughput rates.

An extruder consists of two distinet parts: a conveying
system which transports the material and sometimes imparts
a degree of distributive mixing. and 4 die system which
forms the materials into the required shape. Extrusion may
be breadly classified into molten systems under temperature
control or semisolid viscous systems. In molten exirusion.
heat s applied to the material in order to control its viscos-
ity. o enable it to flow through the die. Semisolid systems
are multiphase concentrated dispersions containing a high
proportion of solid mixed with u liquid phase [3].

Solid molecular dispersions of drugs in a matrix ft the
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molien systems especially as the fusion method in pely-
meric matrices has been applied to achieve such specific
distributions of drugs. Generally, solid dispersions of
drugs with poor solubitity revealed remarkably higher bioa-
vailability [4.5]. Less drog material may be applied and
patentially a lower degree of variahility in hinavailability
are obvious advantages [6]. With the yecent advent of high
throughput screening and the growing specificity for given
receplors poorly soluble drugs prasent a frequent and grow-
ing challenge o formulation scientists |7.8].

Solid dispersions of drugs therefore fulfill the prerequi-
sites of drug delivery systems being designed to:

increase the active agent bioavailability.
reduce side effects,
increase the duration of the drug action in the body,

Al the sume time, extrusion represents un efficient munu-
facturing 1echnotogy required to disperse drugs in a melt op
1o a true molecular solution of the uctive agent in the matrix.
It is a striking exumple of o technobogy transfer establishing
a new technology life cvele curve.

The most relevant technologies for the manutacire of
solid dispersions are haot spin mixing [9]. embeddings by
means of spray drying [ 11}], co-evaporation. co-precipitation
{11]. frecze-drying [12] und roll-mixing or co-milling
{13.14].
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An indication that life cycle management is a key driver
for the meit extrusion technology is the remarkable amount
of publications in the patent literature.

2. Melt extrusion: the process technology
2.0 General remarks

With regard to pharmaceaticals, mosi systems extruded
loday consist of particles dispersed in & marrix. Although
consideration is given to the manufacture of pure thermo-
plastics, the main emphasis is still on paste extrusions [15].
These differ in the fact that o connective matrix is present
between solid particles. The relative position of solid and
liquid can change during the various stages of the extrusion
process. and hence produce effects different from those
associated with single-phase systems like a molecular distri-
bution of a drug in a polymeric matrix. In the latter, the
matrix acts as a real solvem for the drug. Ideally, such
systems are supposed to have a single-phase over a wide
range of solubility of the drug in the polvineric matrix.

The various lypes of exiruders have a common feature of
foreing the extrudate fram a wider cross-sectian through the
restriction of the die. The theeretical approach o understand
the systen, is therefore. generally associuted with dividing
the process of Row into four sections; .

feeding of the extruder,

conveying of mass and entry into the die,
flow through the die,

exit from the die and down-stream processing.

These four sections drive considerations of different
aspects like flow of powder, shear force, residence time
and pressure. cooling rate and shaping.

Generally. the exiruder consists of at least one rotating
screw inside a stationary cylindrical barrel. The barrel is
often manufactured in sections, which are bolted or clamped
together. An end-plate die. connected 1o the end of the
barrel. deiermines the shape of the extruded product (see
Fig. 4).

Somctimes as much as 80% of the heat required to melt or
fuse the material is supplied by the hear generated by friction
as the material is sheared between the rotating screws and the
wall of the barrel. Additional heat may be supplicd by electric
or liquid heaters mounted on the barrel. Tt is important to
realize that residence time and pressure in the die area

might have a significant impacl on the impurity profile of

the product [16].

Most commercial cxtruders have a modular design,
providing a choice of screws ar interchangeable sections
which alter the configuration of the feed. transition. and
metering zones. ‘This mukes it possible to modify the
process to meet particular requirements, for example. from
a standard to a high shear extrusion. Modificd screw designs
allow the extruder to perform a mixing role in addition to

extrusion. so that the material can be blended imo the extiu-
date or even dissolved (Fig. 1). The various screw and die
designs available and practical considerations of thermo-
plastic extrusion arve reviewed by Whelan and Dunning {17,

The extrusion chaanel is conventionally divided ino
three scctions: feed zone, transition zone. and metering
zone (I'ig. 4). The starting material is fed from a hopper
directly into the feed section. which has deeper Rights or
fights of greater pitch {Fig 2). This geometry cnables the
feed malerial fo fall easily inlo the screw for conveying
along the barrel. Pitch and helix angle detennine the
throughput at consiant rotation speed of the screws, The
material is transported as a solid plug to the (ransition
zone where it is mixed. compressed, melted, and plasticized.
Compression is developed by decreasing the thread pitch
but maintaining a constant flight depth or by decreasing
fiight depth while maintaining a constant thread pitch
[18]. Both methods result in increased pressure as the maie-
rial moves along the barvel, The melt moves by circulation
in a helical path by means of transverse flow. drag (low,
pressure fow. and leakage: the latter two mechanisms
reverse the low of material along the barrel. The space
hetween screw diameter and width of the barrel is normally
in the range of 0.1-0.2 mm,

TFhe material reaches the merering zone in the form of a
homogeneous plastic melt suitable for exirusion. For an
extrudate of uniform thickness. flow musr be consistent and
without stagnant zones right up to the die entrance. The lunc-
tion of the metering zone is to reduce pulsating flow and
ensure a uniform delivery rate through the dic cavity,

The twin-screw extruder has two agitator assemblies
mounted on paraltlel shafts (Fig. 3). These shafts are driven
through a splitter/reducer gearbox and rotate rogether with
the same direciion of rotation (co-rotating) or in the opposite
sense and are ofien fully intermeshing. In such case. cuch
agitator element wipes both the surface of the earresponding
element on the adjacent shaft. and the internal smtaces of
the mixing chamber. The agitators are said to be sclf-
wiping. an arrangement that eliminates stagnation areas
within the mixing chamber and ensures s parrow and
well-defined residence time distribution. 17 the agitators
are chosen not to intermesh, the arrangement comes close
to a single-screw sct up, In generul. co-rotating shafts have
better mixing capabilities as the surtfaces af the screws move
towwrds cach other. This leads to u sharp change in muss
flow between the screw surfaces [19]. As the serews rotale.
the flighs of onc screw element wipes the fank of the adja-
cent screw, causing material to ransfer from one serew 1o
the other. [n this manner the material is transported along
the extruder barrel.

The twin-serew extruder is characterized by the fullowing
descriptive features:

Short residence time: The residence time in the twin-
screw extruder in a typical extrusion process is of the
order of up to 2 min.
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Fig. I. Serew and kneading elements,

Self wiping screw profile: The self wiping screw profile
i.e. the flight of one screw wipes the root of the screw on
the shaft next to it. ensures near compicte emptying of the
equipment and minimises product wastage on shutdown.
Minimum imventory; Continuous uperation of the cquip-
ment coupled with the low volume af the mixing chamber
load to reduced mventories of work in progress. This is
important when processing valuable ar potentially buzar-
dous materials,

Versanliny: Operating parameters can be changed easity
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Fig. 3. Schematic presentation of i twin-screw exinuder set-ngp

and continuously to change extrusion rale or mixing
action. The segmented screw elements allow agitator
designs to be casily optimized to suit a particular applici-
tion. Die plates can also be easily exchanged 10 alier the
extrudate diameter and hence the spheroid diameter. This
allows processing of many different formulutions on
single machine. leading to good equipment utilization.
Polymers with a wide range of viscoelastic and melt visc-
asilies can be processed and even fine powders can be
directly fed into the system (Fig. 3),

Typical twin-screw laboratory scale machines have a
diameter of i6-18 mm and a length of four to wen times
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Fig. 2. Extrusinn screw geometry,
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the diameter. A typical throughput for such type of equip-
ment is 0L.5-3 ke/h.

As the residence time in the extruder is rather short and
the temperature of all the harrels are independent and can be
accurately controlled from low temperatures (30°C) 10 high
temperatures (250°C) degradation by heat can be mini-
mized. In addition oxygen and maisture may be excluded
almost completely — an advantage for components sensitive
towards oxidation and hydralysis,

Extrusion processing requires close monitoring and
understunding of the various parameters: viscosity, varia-
tion of viscesity with shear rate and wmperature. clasticity,
extensional flow. and slippage of the material aver hol metal
surfaces. Today extruders allow in process monitaring and
control of paramerers. such as the temperature in the extru-
der. head and die ax well as pressures in extruder and die
Tz, 4) [20].

T particular, the melzcular weight of polymeric matrices,
their respective plass trunsition temperature and the sensi-
tivity of the matrix ar the drug towards heat and shear foree
create a basic set of data that qualify materials for the extru-
sion process. Additionally. miscibility can cxperimentally
be determined with differential scanning calorimetry (DSC)
and hot stage microscopy (HSM). In order to determine the
miscibility of drug and excipient w predict if glass solutions
are likely to form when drug and excipient are melt
extruded, estimation of drug/excipient miscibility has been
investigaled. Melt extrusion of miscible components
resulted in solid solutinn formation. whereas extrusion of
an  Cimmiscible’  component led to amorphous
dispersed in crystalline excipient. In conclusion. combining
caleulation of solubility parameters with thermal analysis of
drogfescipiens miscibility has heen successfully applied to
predict formation of elass solutions with melt extrusion
[21]. The challenge to determine the solubility of a drug
in a polymeric matrix still needs 1o be addressed more
adequalely. A screening system based on a dimeric moiery

drug

of polyvinylpyrrolidone (PVP) has been presented which is
capable of comparing the solubility in the liguid 0 thal in
the solid. in this cage the polymer [22].

2.2, Industrial applicatrions

2.2.1. General

Extrusion technology is extensively applied in the plastic
and rubber industries. where it is ane of the mast important
fabrication processes. Examples of products made from
extruded polymers mclude pipeés. hoses. insuluted wires
and cables, plastic and rubber sheeting. and polystyrens
liles. Plastics that are commonly processed by extrusion
include acrylics (polvincthacrvlates. polyacrylates) and
copolvimers of acronitrile. celhulogics (cellulose acelate.
propionate, and acetate butyrate). polvethylene (low and
high density). polypropylene. polystyrene, vinyl plasiics.
polycarbonates, and nylons.

The process often is refemred to as profite or line extrusion
in which the shape of the extrudate like a twhe is determined
by the die. The extruded profile proceeds horizantally to the
cutoff equipment, which controls its length. Profiles auy he
further pracessed. for example, as in film extrusion. blow
molding, or injection molding {237,

In film extrusion, the polymer melt is extruded through a
long slit die onto highly polished conled rolls which form
and wind the finished sheet. This is known as cast film,
Plastic packaging film is also formed by blow extrusion,
where tubular fili is produced by ihe mein vsually verti-
cally. through an annular-shaped slit dic. The extruded tube
ts inflated by air o form a large cylinder, Blow molding
refers to a process where the plastic is heated to a melied or
viscous state and a section of inolten polymer tuhing is
extruded wsually downward from the die head into an
open mold, The mold is closed around 1. sealing i1 al one
end. Compressed air is blown inta the open end of the tuhe,
cxpanding the viscous plastic to the wails of the cavity. thus
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forming the desired shape of the container. During injection
molding the molten plastic is not cxtruded but rather
injected into a cavity mold at high pressure. The material
cools in the cavity and solidifies. The mold is then opened
and the article is remoeved.

Injection molding. has been used to manufacture tablets
[24] and sustained release preparations [25]. In terms of
feasibility. fast drug release, and economics. injection mold-
ing was considered sunable for drug solid dispersion or
sotetion manufacture [26], Tnjection molding has been
exploited for its potential to manufacture sophisticated hi-
layer tubular systems for customized release profiles [27].

In the food industry extrusion has been utilized since
1930s for pasta production. A widely used versatile techni-
gue combines ceoking and extrusion in a so-called extrusion
cooker [2¥].

I the animal feed industry. extrusion is most conumonly
applied as a means of praducing pelletized feeds [29]. The
manufacture of implants by extrusion or injection molding
is apather field of application in the veterinary ficld.

The need to formulate drugs with poor solubility is not
only limited 10 the pharmaceutical ficld. Fast dispersing
PVF melt extrudates of poorly soluble active agents as
molecular dispersions are marketed in the crop protection
ficld [307. '

2.2.2. Application i the pharmaceurical industry

The most important application of extrusion in the phar-
maceutical industry is in the preparation of granules or
pellets of uniforn size, shape. and density. containing one
or more drugs [31]. The process involves a preliminary
stage in which dry powders, drug. and excipients are
mixed by conventional blenders, foltowed by addition of a
liquid phase and further mixing o ensure homogenesous
distribution. The wei powder mass is extruded through
cylindrical dics or perforated sercens with circular holes,
of typically 0.5-2.0 mm diamerer. to form cylindrical extru-
dates |32]. In the large-scale manufacture of suppositories
and pessaries exlrusion rather refers to forcing the material
throngh a capillary die [33.34].

Meclt extrusion for the muanufacture of pellets [35] had
revealed the potential for controlled release of polymer-
embedded drugs and limitwions. Pioneering work in the
field employing the melt extrusion process as a manufactar-
ing tool was performed by Doelker [36]. Typically, a co-
rotating twin-screw configuration is used in most of the
published studies. The equipment for the manufacture of
solid dispersions has been described more precisely by
Nakamichi [37,38].

. The second care element of the integrated technologicut
system s the deviee to shape on-line the thermeplastic
sirand leaving the exiruder [39]:

(1) Culendering. in which the molen strand is forced
between two calender rollers. thus producing films, flakes
or sheets which may already conlain single 1ablet cores.

{b) Pellet-forming, which may. for example. be a rolating
knife cutting spagheiti-like extruded sirands.

2.2.3. Regularory aspects

Oral pharmaceutical products from the melt extrusion
provess have been approved in the USA. European and
Asian countries, The process technology lends iwsell o
comprehensive docamentation. (hus salislving regulatiory
authorities. It is a major advantage that extrusion is a mature
engineering technology. As a process it provides many para-
melers, such as feeding rate, seamental temperatures and
pressure or applied vacuum, which ¢an be monitored on-
line with Jocal meters and seasors. Such daa contribuie (o
the comprehensive documentation and the quality of
production lots and may finally simplify quality control,

3. The drug delivery technology
3.1 Introduction

Melt extrusion may be zlpplied' to disperse drugs in a
given mateix down to the moleeclar level, ¢.g. to form a
itue sotution. Jr is the convenience of the technology tha
gives new hope to the glass or solid solution approach as a
delivery system for poorly soluble drugs, The use of melis in
order to obtain solid molecular dispersions. e.g. glass or
solid solutions. is well known to the expert und the essential
advantage of a melt precess in (his domain is its solvent-free
formation of such dispersions |40}, Since with solvent
processes there are various problems relating to their use
(environmental pallution. explosion-proofing and residual
organic solvent) and measures 10 counteract these problems
are desirable [41].

Tha melt extrusion process is capable of handling active
agents of different particle sizes as well as amorphous solids
or other polymarphic forms leading o the same product.
Basicallv, solid dispersion systems can be divided into six
different categories (Fig. 51 [42),

Sekiguchi and Obi were first to report the melting or
fusion method [43]. Tn 1974 solid dispersions of drugs
were described as: . a relatively new field of pharmaceu-
tical technigue and its principles play an important role in
increasing dissolunon, absorption and therapeutic efficacy
of drugs™ [44]. '

When we leok at the market of pharmaccutical products
today solid dispersion systems. in j)m'licular. solid moelecu-
lar dispersions are still found to be neglected. Only a few
ever made 1t o the market including a griseofulvin-poly-
ethylensglycal-dispersion  (Gris-PEG"  marketed by
Wander). Cesamet® u nahilone-Pvp {polyvinyl pyrroli-
dong) preparation (marketed by Lilly) {457 as well as a
tormulation of troglitazone (Rezulin™) marketed by Parke-
Davis which had to be withdrawn from market for roxicol-
ogy related issues of the drug. Several implants containing

433
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LHRIT agonists for parenteral use have become commer-
cially available. such as goserelin (Zoladex ™) or buserelin
{Depot-Profact ™) embeddings in poly(lactide-co-glycolide)
(PLGA [46].

The troglitazone formulation in PVP was actaally manu-
factured by melt extrusion [47]. Melt ¢xtrusion technology
has proven to be a suitable method for the production of
controiled release reservoir systems consisting of polyethy-
lene vinylacelale {(EVA) co-polymers. Based on this lech-
nology. two controlled release systems Implanon®™ and
NuvaRingJ‘: have been developed {48].

Problems limiting the cemmercial application of solid
dispersions involve mainly the method of preparation, repro-
ducihility of physicochemical praperties, formulation inlo
dosuge forms. the scale up of manufacturing processes. and
the physical and chemical stability of drug and vehicle [49].

A matter of zncertainty rurely addressed is the analytical
differentiation of amorphous embeddings in crystalline
carricrs caompared o & true solid solution. where the drug
is molecularly dispersed in the carrier. The same holds true
for the amorphous embedding in a glassy carrier compared
to a glass selution. The term solid molecular dispersion
differensiates from amorphous embeddings (5(1]. Solid
melecular dispersion summarizes solid and glass solution
irrespective of the nature. e.g. the molecular weight, of the
solvent or soluwe.

Two major factors that stabilize solid molecular disper-
stons are intermolecular interactions {31-531 between the
drug and the camier and the viscosity of the carrer [54].
Glass transition temperature has long been seen as the
predominant factor governing the physical stability of
salid dispersions. However. this coneept only holds for
true solid molecular dispersions ubove their saturation
limit. Within solid amorphous dispersions, the mobility of
the active molecule is already given in the amorphous phase
of the active itself possibly leading o recrystallizatinn
processes [55]. In the meantime 1avestigations have shown
that direct linear correlations bhetween glass transition
temperature and  recrystallization tendency  are rarely
given. The solubilizing and stabilizing effects of the carrier
systems’ intermolecular interactions are often of far greater
importance for physicochemical stability [56-59].

The mechanisms of drug release from solid dispersions in
water-soluble polymers has been reviewed recently {[60].
Because of surface activity of carriers used. compleic disso-
lution of drug from melt exiruded solid dispersions can be
abtained without the need for further pulverization. sieving
and mixing with excipicnis [61]. The effect of the molecular
weight of the matrix polymers on the dissolution profile has
been described with special respect to solid dispersions and
solid molecular dispersions [62].

These findings contribute to the fietd of melt extrusion as
the molecular weight and other charucteristics of a poly-
meric carrier sach as crysiallinity and hydrogen bonding.
vice versa pre-determine the manufacturing conditions in
the extrusion process.

3.2 Application of melt extrusion as drug delivery
rechnology

The breakthrough was achieved by the availahility of a
great variety of pharmaceutically approved carvier systems
[63]. Such carrier systems include PVP [64] or ils co-poly-
mers [65]. poly(ethylene-co-vinylacetate) [66]. polyethy-
lene  elycol (PEG) {671, cellulose-cthers  [68], and
acrylates [69]. The properties of polvethvlene oxide
(PEQ) as a drug carrier in melt extrusion wish the aim to
cblain chlorpheniramine maleate matrix 1ablels was exam-
ined by McGinity [70]. Amongst the different classes of
biodegradable polymers. the thermaoplasuc aliphatic poly(e-
sters) like poaly(lactide) (PLAY. paly(glyveelide) (PGA). and
the copolymer of lictide and glycolide. polv(lactide-co-
elycolide) (PLGA)Y have been used i extrusion. Starch
and starch derivatives have been applied along with [71]
low molecular weight excipients like sugars und sugar alen-
hols and waxes [72]. The basic prerequisite Tor the use in
melt extrusion is the thermoplasticity of the palymers or tha
of the respective formulations.

Long residence time and high glass transition temperature
(T¢) resulting in high process temperatures have ofien heen
described as patential drawbacks of the melt extrusion
process. The comparison of the influence of two differem
implant manufacturing technigques. extrusion and injection
molding. on the in vitro degradation of the polymeric mairix
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ol polylactie acid (PLA) was studied. Both kinds of implants
were loaded with a somatostatin analogue. It was shown that
buth melecular weight and polydispersity decreased after
evtrusion or injection molding. This decrease was more
pronounced with the later technique possibly due to an
ingreased residence time {73]. Repka et al showed that a
thermally lebile drug. hydrocortisone, could be successfully
incorporared into  hydroxvpropylcellulose (HPC) films
praduced by melt extrusion {741,

Apart from distinet deosage forms or taillored release
profiles melt extrusion ofters the chance to circumvent the
prablem of polvmorphic forms with different solubilities.
the passibility to start from ditferent particle sizes and a
possible reduction of 1ablel size. Examples have shown
that more Favorable polymurphic forms may be stabilized
on incorperation into PVP {75761, Mclt extrusion with
pharmaceutical actives having a low meling point has
dalso been descrived, Under such conditions the extrusion
[rocess may serve ds un agglomeration step [77] An exam-
ple for o change in morphology. continuously introduced in
the melt extrusion process, applied to alter the release char-
actertstics hus been presented by Gurny et al, [78]. In arder
to influence the release ot an extrudate a 200 wm thick layer
on the extrudate surface was introduced while extruding.

In addition, implants [79.80]. stents {81]. oral dosage
forms [82], bivadhesive ophthalmic inserts [83], topical
films [84], and cffervescent tablets [85F have been devel-
oped using the melt extrusion process,

2.3 Salid dispersions with mell extrusion technology

Melt extrusion s a significant step lorward to cover the
rechnology related issues and makes the solid molecular
dispersion approach a viable option. The viability of melt
extrusion technology tor the production of thin, Rexible,
acrylic tilms for tepical drog delivery has been investigated
by Aitken-Nichol et al. ([86]). Lidocaine HCL was able to
plasticize the acrylic polvmer and the drug was completely
dispersed at the molecular level in the extruded films. Solu-
bilized drug molecules were shown 1o plasticize the polymer
by tnereusing the average polymer chain spacing [86].

A contriceptive vaginal ring containing etenogestrel and
ethinvl estradiol has been prepared by melt extrusion. Coax-
til Abers have been produced with varying steroid concen-
trations in the polviner und the release has been studied. The
powder mixtures were blended in g twin-screw extruder.
The polymer melted and the steroids completely dissolved
in the polymer. Atter leaving the exinuder, the strands were
cooled to room temperature and granulated using a strand
gruaclator, For the preparation of the coaxial fibers, a co-
extrusion installation was used. The installation consisted of
o single-serew eatruders that are connected 10 o spinning
Block, The two eatruders were used to melt the core and
membrane polymer at temperatures ubove 110°C. The
molten polymers were delivered to two gear pumps,
which assure an accurate flow of both polymers to the spin-

neret. Subsequently. the membrane and core polymers were
combined in a spinneret. thereby forming the coaxial fiber
(87).

A floating sustained release dosage form composed of
nicardipine hydrochloride and hydroxypropylmethyleellu-
lose acerate succinate was prepared using a twin-screw
extruder. By udjusting the position of the high-pressure
screw elements in the immediate vicinity of the die outlet.
and by conirolling the barre] temperature. a puffed dosage
form with very small and uniform pores were obtained. It
was shown that the puffed dosage torm, consisting of enteric
polymer prepared using the twin-screw extruder. was very
useful as a floating dosage form that was retained for a long
period in the stomach [88].

Sustained release formulations of isesorbide nitrates with
polyvinylacetate have been developed using melt extrusion
as manufacturing process. The in vitro release profiles indi-
cate that even at low amounts (w/w) of ithe polymer the
sustaining action of the pelymer is sufficient w delay the
release [89}. Formulations and dosage forms for poorly
soluble drugs applying melt extrusion technotogy have
been evaluated in a number of cases.

Underlining the economic importance of the melt extru-
sion process Ghebre-Sellassie(90]) examined the use of
different polymers revealing that hydroxypropyl cellulose
may be a better water-soluble polymer compared to PVP
for poorly soluble drugs. X-ray powder diffraction studies
suggested that the drug substance mostly existed in the
crystalline state truly representing a crystalline solid disper-
sion. Extrusion as a way of manufacture is mentioned and a
variety of examples using melt processes are given[90].

A number of glass solutions of poorly soluble drugs have
been developed using the melt extrusion process with a drug
load ranging from 30 to 60% with real time s1ability up 10 9
years. During this time period no crystallization could be
detected by means of X-ray powder diffraction or differen-
tial scanning calonmetry [91]. It seems obvious. that stabi-
lity of solid molecular dispersions is achieved when the
solubility of a given drug in the carrer is not exceeded.
By definition such systems are thermodynamically stable
as their stability is reluted to the solubility of the active
and not to the viscosity of the mairix as in supersaturated
systems which are kinetically stabilized.

Glass solutions of a Hpophilic drug substance by melt
extrusion technology which on dissolution lorms nanopar-
ticles and thereby increases the dissolution kinetics have
been presented recently [92]. PVP or & vinylpyrrolidone—
vinylacetate copolymer have been siudied together with
different surfactants.

I 7-Estradiol hemihydrate as a poorly water-soluble drug
was improved with respect o 1ts solubility and dissolution
rate by melt extrusion. Different composirions of excipients
such as PEG 6000, PVP or a vinylpyrrotidone-vinylacetate-
copolymer were used as polymers and Sucroester *WE 15 or
Gelucire® 44/14 as additives. The solid dispersions resulied
in a significant increase in disselulion rate when compared
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to the pure drug or to the physical mixtures. A 30-fold
increase in dissolution rate was obiained for a formulation
containing 0% 17-Estradiol. 30% PVP and 40% Gelucire ™
44/140 The solid dispersions were then processed into
tablets. The improvement in the dissotution behavior was
alse maintained with the wblets (93],

Anmorphous  polysaccharide matrices determining  the
release rate of mely extruded dispersions have been exam-
ined by Reinetal, |94, Carbohydrate based glassy matrices
which are stable in the glassy state ar ambient temperatures
may be prepared by the use of aqueous plasticizers with
meli exirusion. Such glassy mairices are useful for the
encapsularion of drugs and Ravoring agents [93].

Foster et al. melt extruded indomethacin. lacidipine and
wlbutamide with PVP. [ndentethacin samples remained
umarphous on sterage as demoensirazed by X-ray powder
diffraction (CXRPD) and emperature modulared differential
scanning calorimetry (TMDSC). For lacidipine and tofbuta-
mide low crystatlinity levels were detected which., art esti-
mated 7% crystallinity, decreased the dissolution rate
significantly. The presence ot significant hydrogen bonding
(as indicated by the deviation of the experimental from the
theoretical glass T, values) may decrease uptake of moisture
and resuict plasticization of the matrix. However. lacidipine
recrystallized even when 7, was well above the storage
wemperature [961.

Along with literature deseribing the in virro performance
af solid dispersiony a number of melt extruded solid disper-
sions have been examined i humans.

The antiretraviral agent loviride has been melt extruded
to u solid molecular dispersion in HPMC and showed
remarkably lower tood-effect compared to capsules [977.

Further. the exirusion process has been applied in order 1o
combine a sparingly waler-soluble drug compound. a cyclo-
desirin, and a physiologically wlerable  water-soluble
organic polymer {98].

Antifungal compaositions of itraconazole were prepared as
salid dispersions from the melr extrusion process. Tnoa
limited number of volunteers the melt extruded tablet
rave an arex under the curve (AUCY of lraconazole in the
Fasted state that was 2.3 times the area under the curve of the
marketed reference capsule [99].

Melt extruded dispersions of ibuprofen were compared to
the Iysinate sait of ibuproten in healthy volunteers. Bio-
equivalence was demenstrated with the relevant parameters
AUC and Cy. Also. the 1, a5 2 measure {or onset proved
o be equivalent with 0.5 h (or test and reference [100].

4. Conclusions and outlook

Melt estrusion technology wday represents an efficient
pathway for the manufacture of drug delivery systems.
Resulting products are mainly found amoengst semi-solid
and solid preparations. The potential of the technology is
refiected in the wide scope of ditterent dosage forms cover-

ing oral. parenteral and topical applications. In addition. the
physical state of the drug in the melt extruded formulations
rezches from simple crystalline embeddings. mainty in the
field of sustained release applications. 10 amorphous or
molecularly  dissolved  stages. Compared 1m0 solvem
processes aiming at solid molecular dispersions melr exrru-
sion offers a promising alternative. The possible use of a
broad selection of excipients from high molecular weight
polymers to low molecular weight additives like sugur alco-
hols. waxes or surfactants opens a field of numerous combi-
nations for formulation research.

Drawbacks of the technology are often relaled to high
energy input mainly related to shear forces and temperature.
This is where process engineering comes into play. The
design of screw assemblics and extruder dics are two
major arcas. which have significant impact on the degrada-
tion of drugs and excipients. As the residence time is rather
short compared to conventional processes like sterilization.
even drugs known to be sensitive to elevated temperatures
have been processed successfully. Ini addition the exposure
to oxygen in the extrusion channel is limited.

Work in the field is increasing and the titerature published
reveals interesting new aspects like in-situ salt formation,
fast dispersing systems with foam like siructures. complex
formation in the melt. and nanoparticles released from
malecular dispersions manufactured by melt extrusion.

Unlike other delivery systems. most of which consist of a
random dispersion of a drug in a matrix. extrusion technol-
ogy may be used to place exact amounts of active drug in
well-defined layers of micrometer range thickness. In addi-
tion. the processing of the polymer determines not only the
design of the device but it influences its morphology.
namely its microporous structure, polymeric chain orienta-
tion and crystallinity to a high degree.

Further, it remains (o be seen whether the intense inter-
action in the melt can be used o0 form complexes with rather
sensitive molecules like peptides and proteins in order to
stabilize such structures,
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Abstract

The solubility behaviour of drugs remains one of the most challenging aspects in formulation development. With the advent of combi-
muorial chemistry and high thraughput sereening, the number of poorly water soluble compnounds has dramatically increased. Although solid
solutions have wemendous potential for improving drug solubility. 40 years of research have resulted in only 2 few marketed products using
Uis approach. With the introduction of new manufacturing technologies such as hot mell exuusion, it should be possible (0 overcome
prohlems in scale-up and for this reason solid solutions are enjoying a renaissance. This article begins with an overview of the histarical
hackyround and definitions of the various systems including eutectic mixtures. solid dispersions and solid solutions. The remainder of the
article is devoted 1o the production. the different camiers and the methods used For the characterization of solid dispersions. € 2000 Elsevier

Seience BV, Al nghis reserved.

Nevaprds: Sofid solution: Salid dispersion: Emectic mixiure: Amarphous state: Binavailability: Solubility: Dissolution

1. Introduction

Together with the permeability. the solubility behaviour
of a drug is o key determinant of its oral bicavailability.
There have always been cartain drugs for which solubility
has presenred a challenge (o the development of a suitable
formulation for oral admimisiravon. Examples such as
griscofulvin, digosin. phenvioin, sulphuthiazele and chlor-
amphenical come immediately 1o mind. With the recent
advent of high thrsughput screening of potential therapeutic
agents, the number of poarly soluble dreg candidates has
vicen sharply and the formulanon of poorly  soleble
compounds for oral delivery now presents one of the most
frequent and greatest challenges to formulation scientists in
the pharmaceutical industry.

Consideraiion of the modificd Noves-Whitney equation
121 provides some hints as to how the dissolution rate of
cven very poorly soluble compounds might be improved to
miznimize the limitations @ aral avarlability:
dC ADC, O

dr it

where dC/ds s the rate of disseolution. A is (he sarface area
availuble for dissolution. 1 15 the diffusion coefficient of the
Cortesponding avthor, [ostittz of Phariweuticl Technology, Mang
Curie Strasse 960439 Frankiwt, Germany., Tel.: +49-6U-7942.9680): fux:
- JG.A9-TOR2-969,
Ll address: dressman @ emami-frankfun.de (J. Dressman).

compound, C, is the selubility of the compound in the disso-
lution medium. Cis the concentration of drug in the medium
at time ¢ and 71 is the thickness of the diffusion boundary
layer adjacent to the surface of the dissolving compound.

The main possibilities for improving dissolution accord-
ing ta this analysis are ta increase the surface area available
for dissolution by decreusing the particle size of the solid
compaund and/or by optimizing the wetting chacacteristics
of the compound surface. to decrease the boundary laver
thickness. to ensure sink conditions for dissalution and,
last but definitely not least. to improve the apparent solubi-
lity of the drug under physiclogically relevant conditions,
Of these possibiiitics. changes in the hydrodynamics are
difficult to invoke in vivo and the maintenance of sink
conditions will depend on how permeable the gustrointest-
inal mucosa is to the compound as well as on the composi-
tion and valime of the lumenal fluids. Although some
research cffort has been directed towards permeability
enhancement using appropriate excipients, resulis 1o date
have not been particularly encouraging. Administration of
the drug in the fed staie may be an option 10 improve the
dissolution rate and also to increase the time availahle for
disselution: the likely mugnitude of the food effect can be
forecasted from dissolution tests in biarelevant media [3).
However. the most attractive option for increasing the
release rate is improvement of the solubility through formu-
Jatian approaches.

Table | summarizes the various formulation and chemi-

9396 LHOMYS - sew front matter © 2000 Flsevier Science BV, All rights reserved,

PIL SOUIY.AL 1000076 X

Ao



EH o Lewnen . Dressvun / European Journal of Pharmacewrics and Biopharmacewtics 50 (2000) 47 .60

Table |
Approaches wamprove the solebilivy or vy incieuse the available surface
area for dissalution

£ Phvsw el medificanens
Papicle size
Micronization
Nnususpensicns
Muaditications of the crystal hahii
Polymorphs
Pseadopolymorphs (including solvates)
Complexaton/solubilization
L se of surfaciants
U'se of cvclodesirines
Mrug dispersion in earriers
Euteciic mixiures
Salid dispersions tnon malecular)
Solid solutions

1 Chennead mndificanmn
Seluble proadrugs
Salis

cal approaches thal can he taken 1o improve the solubility or
o inerease the available surface area for dissolution.

Of the physical approuches. review articles have already
been published on the use of polymorphs {4]. the amorphous
form of the drug |5] and complexation |6.7}. Decreasing the
particle size of the compound by milling the drug powder
theoretically resulis iy an increase in the available area for
dissolution, but in some cascs the micronized powder ends
i0 ngglomerate, thereby at least partly negating the milling
procedure, Presenting the compound as g molecular disper-
sion cambines the benelits of a tocal increuse 1o the solubi-
iy (within the solid solution and maximizing the surface
arca af the compound that comes in contact with the disso-
jution mediun as (he carrier dissolves. This review is there-
fore devoted to a discussion of the use of molecular and
near-molecular dispersions for the optimization of oral
delivery of poorly soluble drugs.

2. Detinitions
24 Simiple ewrectic mixnires

No review of volid dispersions would he complete with-
out @ briel description of cutectic mixtures, which are the
carnersione of this approach to improving bisavailahility of
poorly seluble compounds. A simple eulectic mixture
consists ol two compounds which are completely miscible
in the liquid state but only o a very limited extent in the
solid state (Lig. 1) When @ misture of & and 13 with compo-
sition E i~ cooled, A and B crysiallize out simultancounsly,
whergas when other compositdans are cooled, one of the
compencnts strls t erystallize out betore the other. Solid
cutectic mixtures are uswally prepared by rapid coaling of a
comelt of the two compounds in order to obtain a physical
mixwure of very fine crystals of the twa components.

When a mixture with composition E. consisting of a
slightly soluble drug and an inert, highly water soluble
carrier, 15 dissolved in an aqueous medium. the carrier
will dissolve rapidly, releasing very fine crystals of the
drug [9.10]. The large surface aren of the resulling suspen-
sion should result in an enhanced disselution rate and
thercby improved bioavailability.

2.2 Solid solutions

Solid solutions are comparzble o liquid solutions.
consisting of just one phase irrespective of the number of
components. Solid solutions of a poorly water soluble drug
dissolved in a carrier with relatively good aqueous solubility
are of particular interest as w means of improving oral bioa-
vailability. In the case of solid solutions. the drug’s particle
size has been reduced 1o its absolute minimum viz. the
molecular dimensions [11] and the dissolution rate is deter-
mined by the dissolution rate of the carrier. By judicious
selection of a camrier, the dissolution rate of the drug cun be
increased by up to several arders of magnitude.,

Solid sofutions can be classified according to two meth-
ods. First, they can be classified according to their misci-
bility (continuous versus discantinuous solid solutions) ar
second, according to the way in which the solvate molecules
are distributed in the solvendum (substitutional. interstitial
or amorphous).

2.2.1. Continuous and discontinuous solid solutions
2.2.1. 1. Comtinnous solid solurions  In a continuous solid
solulien. the companents are miscible in all proportions,
Theoretically. this meuns that the bonding strengih berween
the two components is stronger than the bonding strength
between the molecules of cach of the individual compo-
nents. Solid solutions of this type have not been reported
in the pharmaceutical literature 10 date.

2.2.1.2. Discontinnous solid solutions In the case of

discontinuous solid solutions. the solubility of each of the
components in the other component is timited. A 1ypical

. 1.

Liguid Solution

Solid 8 +
Liguid Soiution

Soird A + Liquid Solution

T
I

Salid A +:$uhd B

I
A (100 %) E

B (100 %)

Fig. b. Phase diagram for a eutectic sysiem {reproduced with modifications
fram Ref. [8]).

%14



CoLewiier. 4 Divasian £ European dowmal of Pharmacewtics and Binpharmaceutics 50 (2000) 47,60 44

—-

Liguid Soluiinn

o+

Ligud So ubion Liqusd Solutien 5

A 00 %) 6 (100 %)

Fig. 2. Phase diagram for a discontinuons solidl solution (reproduced with
medifications from Ref, 8.

phase diagram is shown in Fig, 2. ocand § show the regions
af true solid «olutions. in these regions. ane of the solid
vamponents is completely dissolved in the other solid
compuneit, Note that below a certan emperature. the
mutual  solubilities  of the o components start 0
decrease. Due o practical consideratians it has heen
suggested by Goldberg et al. FIT] that the term ‘solid
solution” should  only be applicd  when  the mutual
solubility of the two components excecds 3%, Whether ar
nor u given solid selution cun be utilized as a dosage form
strategy will depend not only on the mutual solubilities of
the two components hut also on the dose of the drug
component. The upper himit for the mass of a tablet or
capsute is about | g, Assuming (hat the solubility of the
drig in the carrier is 5%. doses of zbove 30 mg would not
be feusible with this strategy. Obviously, if the drug
solubility in the carrier is significantly higher than 5%,
fareer doses cun he entertained,

2.2.2. Subsrirunionial ervsialline, intersivial crvsiadline and
amorphons solid solurions

Classical
<olid solutions have o corystulline structure, in which the
solute malecules can either substitnie for salvent molecules
in the crysl lattice or fit into the interstives hetween the
solvent molecules. A substitutional crystadline solid disper-
sion is depicted in Fig. 3. Substitution is only possible when
the size of the solute molecules ditfers by less than 5% or
so from that of the solvent molecules [121.

22200 Substitwtioned ervstalline solid solutions

....... Interstitial ervyredline solid solutions In interstitial
solid solutions, the dissolved molecules occupy the
interstitial spaces between the solvent melcoules in the
crystal Iattice {Figs. 4 and 35). As in the case of
substitutional  crystalline  solid  solutions. the relative
malecular size s @ vruelal criterion for classifying the
solid sefution type. In the case of interstitial crystalline
solid selutions. the solute molecules  should have a
malecubar diameter that is no greater than 039 of the

Fig. 3. Substitutional crystaltine solid solurion (reproduced with modifica-
licns from Ref. [13]3.

salvent molecule’s molecular diameter [14]. Furthermore,
the volume of the solute molecules should be less than 20%
of the solvent.

2.2.2.3. Amarphous solid solutions It an wmorphous solid
solution. the solute molecules are dispersed moleeularly but
irregularly within the amorphous solvent (Fig, ). Using
griseofulvin in citric acid. Chiou and Riegelman [ 16] were
the firsi to report the formation of an amorphous solid
solution to improve a drug's dissolution properties. Qther
carriers that were used in carly studics included urca and
sugars such as sucrose, dextrose and galaciose. More
recently. organic polymers such as polyvinylpyrrolidone
(PVP). polycthylene glycol (PLEG) and various cellulose
derivatives have been utilized for this purpose.

Polymer carmiers are particularly likely 1o form amor-
phous solid solutions as the polvmer itself is often present
in the form of an amorphous polymer chain network. In
addition. the solutc molecules may serve 1o plasticize the
polymer. leading 1o a reduction in its glass transition
l’EIHPQ‘-l'ﬁﬂ'II‘C-.

Fig. 4. Interstitial crystalline sulid solution (reproduced with modificidions
from Ref. {13}).
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Frg. 5. Interstitial solid solutions of siall molecules in the ery stalling parts
at o palvmer crepraduced wish madifications from Ref. [15]Y.

3. Formulation of solid solutions

[n the carly 1960s. Sckiguchi et al. reported that formula-
tion of eutectic mixtures could lead o an improvement in
the release rate und thereby the bioavailability of poorly
soluble drugs. Eutectic combinations such as sulphathia-
solefuren [9] and chloramphenicol/urea [17] served as
examples Tor the preparation of o poorly soluble drug in a
highly water soluble carrier. Both preparations exhibited
faster release and better bivavailability than conventional
formulations. The explanation offered for this behaviour
wiis that. after dissclution of the urea. a fine suspension of
drug particles was exposed o the disselution medium (or Gl
uids) and that both she smaller particle size and better
wettability of the drug particles in this suspension ¢ontrib-
utcd to a fuster dissolution rate.

The next development was the preparation of solid solu-
tons by Levy [18] and Kunig | 19]. In contrast to a ectectic
mixture. the dispersed component in o <alid solution is
molecuturiy dispersed, In a very informative series of publi-
catioms, Goldberg (101020021 discussed the theoretical
aind practicad advantages of solid welwions over cutectic
mixtures. The improvement in dissalution characteristics
was at first atribuled 100% 1o the reduction in particle
size. Molecular dispersion represents the ultimate in particle
size reduction [21). and after the carrier has dissolved. the

Frz 6. Amorphous solid solution treproduced with modificatinns from Ref,
Ciah.

drug is molecularly dispersed in the dissolution medium, i.e.
15 present in solution form. A furiher reason for the improve-
ment in the dissclution rate is that the drug has no crystal
structure in the solid solution [22]. Therefore. the cnergy
normally required 1o break up the crystalling sivuctare of the
drug before it can dissolve is not a limitation to the release
of the drug from a solid solution. After the solid solution has
dissolved. the drug is present as a supersasurated solution. In
some cases, the carrier may serve 1o inhibit precipitation of
the drug from the supersaturated solution {23-23]. It has
also been speculated that. if the drug docs precipitate. it
wiil precipitate out as a metastable polymorph with a high
solubility compared 1o that of the mast stable form [24.26].
A further way in which a solid solution could enhance disso-
lution is through Improvement of the wettability af the drug
[13]. Even carriers that are not surface active. e.g. urea and
citric acid. can improve wetting characieristics. Of coursc. if
carriers with surface activily such as cholic acid. bile salis
127]. cholesterol esters 28] and lecithin [29] are used. the
improvements in wetting can be much greater, Another way
in which the carrier can influence the drug’s dissolution
properties is via direct selubilization or a cosolvent effect.

The relationship between the release characteristics of the
solid solution and a physical mixture of the two components
varics with the drug/carnier combination. For example, the
refease rate from a solid solution of prednisolone in Cremo-
phore® is almost identical with the release rate from a
simple mixture of the two compenents [3(]. A physical
mixture of glyburide and PEG 6000 exhibited better solu-
bility and faster dissolution than that of the pure drug {31].
The solubility of paracetamol is greater in urea (han alane
{10]. However. the solubility of sulfathiazole is adversely
affected by mixing with ureu (9], In gencral. dissolution
rates are compared among the pure drug. a physical mixiure
and the solid solution (o assess the benefits of preparing u
solid solution.

3.1 Methads for preparing solid solutions

314, Hot melt method

Sekiguchi and Obi [9] used a hot melt method 10 prepare
simple eutectic mixtures. Sulphathiazole and urea were
melted iogether at a 1emperature above the eutectic paint
and then cooled in an ice bath. The resultant solid cutcctic
was then milled to reduce the particle size. Cooling leads 1o
supersaturation. but due 1o solidification the dispersed drug
becames trapped within the carrier matrix. Whether or not o
molecular dispersion can be achieved depends on the degree
of supersaturation and rate of cooling attained in the
process. In other words. the process has an effecl on the
resultant dispersion and can be varied to optimize 1he
product. Sckiguchi ct al. [17] and Chiou and Ricgelmun
[16] accelerated the cooling rate by snap-cooling on stain-
lesy steel plates. Kanig [19] introduced the varation of
spraying the hot melt onto a cold surface. A further
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apptoach is to prepare the solid dispersion by injection
molding, as demonstrated by Wacker et al. [32].

An amportant prevequisite to the manufactue of solid
solutions by the hot melt method is the miscibility of the
drug and the carrier in the molten form. When there are
miscibility gaps in the phase diagram, this usually leads to
a product that is not molecularly dispersed. Another impor-
tant limitation to the hot melt method is the thermaostability
of the drug angd the carrier. If 100 high a temperature is
required. the drug may decompose or evaporate. Of course.
oxidalive reactions can he avoided by processing in an inert
atmosphere or under vacuum. while evaporation can be
avoided by processing in a closed system.

Because of chese limitations. the solvent method
became more popular in the 1970s and 1980s. In recent
years, however, the hot melt method has enjoyed a renais-
sapce in the form of hoi mcli extrusion. Extrusion of
moisiened powders bas heen well known in the pharma-
ceutical sciences for many vears |33]. Hot melr extrusion
18 @ very common way of processing plastics in the poly-
mer industry. but Speiser [34.35) and Hiittenrach [36)
were the first to adapt the process for pharmaccutical
purpases. In recent years. this method has been applied
to the manufacture of solid solutions. A scheme of a hot
melt extruder is shown in Fig. 7. The drug/carrier mix is
typically processed with a twin-screw extruder of the
same type used in the pelymer industry. The drug/carrier
mix is simultancously melted, homogenized and then
extruded and shaped as tablets. granules. pellets, sheets.
sticks or powder. The intermediates can then be further
processed into conventional tablets, An important advan-
tage of the hot melt extrusion method is that the drug/
carrier mix is anly subjected o an clevated temperature
for about | min. which enables drugs that are somewhat
thermolabile to be processed.

A further alternalive for processing  thermalabile
suhstances is by hot-spin-melting. Here. the drug and carrier
are melted together aver an extremely short time in a high
speed mixer and. in the same apparats, dispersed in air or
an inert gas in a cooling tower. Some drugs that have been
processed inte solid dispersions using hot-spin-melting 1o

Sha.p,mg devics
Polyma OO
Excipiani ;
"“ e e—— o) e Tablet

—
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Itg. 7. Scheme of a hot sielt extruder (reproduced with modificarions from
Ref. | 37]).
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date inciude testosterone [38]. progesterone [39) and dieno-
gest [40].

3.1.2. Solvent method

Until the advent of the solvent method. solid solutions
were prepared exclusively by the melting method. Tachi-
hani and Nakumara {41] were the first to dissolve bath the
drug and the carrier in a common solvent and then evaporate
the. solvent under vacuum to produce a solid solution. This
enabled them to produce a solid solution of the highly lipo-
philic B-carotcne in the highly water soluble carrier poly-
vinylpyreolidene (PVP). The evaporation method was then
taken up by Mayersohn and Gibaldi [42]. By dissolving both
griscofulvin and PVP in chloroform. and then evaporating
the solvent. they were uble to achieve a solid dispersion. The
release rate of griseofulvin trom the solid dispersion was
five to 11 times higher than that of micronized drag. depend-
ing on the drug/carrier ratio. Bates [43] introduced the 1erm
coprecipitates to deseribe solid dispersions that are manu-
factured by the solvent evaporation methad, Although the
term coprecipitate 15 swictly speaking inaccurate 1w this
case. it is still widely used in this sense today. Simonelli
et al. [44] used the term coprecipitute more correctly 1o
deseribe a solid dispersion of sulphathiazole and PVP thai
had been precipiiated from a solation in sodium chiaride by
the addition of hydrochloric acid. Solid dispersions and
solutions that arc manufactured by the selvent evaporation
method should It‘:d“}’ be called coevaparates and not copre-
cipitates.

An important prerequisite for the manufacture of a selid
dispersion nsing the solvent method is that both the drug and
the carricr are sufticiently soluble in the solvent. The sobvent
can be removed by any cne of a number of methods.
Temperatures used for solvent evaporation usually lie in
the range 23-65°C (45.46). The solvent can also be removed
by frecze-drying [31] or by spray-drving [47]. It must he
remembered that when an arganic solvent is o be removed,
small vanations in the conditions used can lead 1w quite
Jarge changes in product performance. Another point to
consider is the importance of thoroughly removing all of
the solvent, since most of the organic solvens used have
roxicity issues.

With the discovery of the solveni method. many of the
problems associated with the melting method were solved.
For example, it was then possible to form salid dispersions
of thermolabile substances. Likewise. many polymers tha
could not be utilized for the melting method due 10 their
high meiting points (e.g. PVP) could be now considered as
carrier possibilities, As a result, for many years the salvent
method was the method of cheice for polymer-hased
systems. With time. however. the ecologicai and subsequent
economic problems associated with the use of organic paly-
mers began o make solvent-based methods more and more
problematic. For these reasons, hot melt extrusion is the
current method of chotee tor the manufacture of solid
dispersions.

14y
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2. Carriers

tay

[

L2 Polveihivlene glveol (PEG)
LAdd General chavacteristics of PEGs  Polycthyiene
Ql\mo]s (PEG) are polymers of ethylene oxide. with a mole-
cular weight (MW) usually falling in the range 200-
300 000. For the manufacture of solid dispersions and solu-
tions. PEGs with molecular weights of 1500-20 000 are
usually cmployed. As the MW 1ncreases, so does the vise-
osity of the PEG. At MW of up to 600, PEGs are fluid. in the
range  800-1500 they have a consistency that is best
deseribed as vaseline-like. from 2000 (o 60 ihey are
wiaxy and those with MW of 20 000 and above form hard.
brittle crystals at room temperature. Their solubility in water
is generally good. but decreases with MW. A particular
advantage of PEGs for the formation of solid dispersions
is that they ulso have good solubility in many organic
solvents, The melting point of the PEGs of interest ljes
under 63°C in every case (e.g. the m.p. of PEG 1000 is
30-40°C. the m.p. of PEG 4000 is 50-58°C and the m.p.
of PEG 20 004 is 60-63°C) [48]. These relatively low meli-
ing points are advantageous for the manufacture of solid
dispersions by the meliing method. Additional attractive
features of the PEGs include their ability to solubilize
some compeunds [31] and also to improve compound wetl-
ability. Even the dissolution rate of a relatively soluble drug
like aspirin can be improved by formulating it as a solid
disparsian in PEG 6000 [49].

s
l\

1.2.0.2 Influcnce of the PEG chain length PEGs of MW
4000-6000  ure  the most  frequently used Tor the
manufucture of solid dispersiuns, because in this MW
range the  water solubility is sull wery high. bt
hygroscopy is not a problem and the melting points are
already over 50°C. If a PEG with too Tow a MW is used.
this can lead to a product with a sticky consistency thart is
difficult to formulate into a pharmaccutically acceptable
product [50]. PEGs with higher MW have also been used
with success: products contuiing PEG 8000 [51] and
10 D00 [52] showed cnhanced dissolution rates compared
Lo the pure drug.

The importunce of the carrier to performance of the solid
dispersion was iHustrated in a study of 14 different drugs
formulated as solid dispersions in PEG 6000 [53]. In this
study. Dubois and Ford showed that, when the drug is
present in a low drug/carrier ratio (<2% in the case of
phenylbutazone, up to 13% in the case of paracetamol).
the release rale is dependent only an the carrier and not
on the drug properties. Rasults with indomethacin showed
similar behaviour. Further studics indicated that the release
rale is inversely proportional to the chain length of the
PEG [54). Similar resulis were obtained with etoposide
{507 and griscofulvin [16]. Hewewver, other studics revealed
contradictory  hehaviour. For example. glyburide releuse
from o solid dispersion in PEG 6000 was faster than
from o similar dispersion in PEG 4000 [31]. Passible

reasons for the berter release from PEG 6000 are that the
PEG 6000 was able to dissolve more of the drug than the
PEG 4000, leading to a greater percentage drug in the
melecularly dispersed form. and that the higher viscosity
of the PEG 6000 hindered precipitation of the drug follow-
ing dissolution of the carrier.

A comprehensive study of phenvibutazone/PEG solid
dispersions indicated that the release is dependent on the
PEG MW |54]. When the percentage of diug used was low
(0.5-2%). the release followed the rank order PEG
1500 = 4000 > 6000 > 20 000, at percentages of 3 and %
the rank order was PEG 1500 > 4000 = 20 000 = 6000 and
ala 5% loading the order was 20 000 2 3000 > 1500 2 6000,
Since the rank order could be clearly correlated with the crys-
tallinily of the solid dispersion, the authors conclagded that the
release Is dependent on the extent to which a molecular disper-
sion can be formed. On the other hand, conradictory resulis
were obtained with chloramphenicel/PEG solid dispersions.
for which the runk ovder of release wux PEG
6000 > 4000 = 12 0003 > 20 000 [55]. In vet other casos,
the MW of the PEG had no influence at all on the release
rate. For example. Mura ct al. {56} showed that 0% disper-
sions of naproxen in PEG 4000, 6000 and 20 (0N alt exhibited
similar release.

3243, Influence of the drug/PEG ratio The drugfcarrier
ratio in a solid dispersion is one of the main infuences an

the performunce of u solid dispersion. If the perceniage of

the drug is tao high, it will form small erystals within the
dispersion ruther than remaining molecalarly dispersed. On
the other hand, if the pereentage of the carrier s very high,
this can leud to the complete absence of cryswllinity ot the
drug and thereby enormous increases in the solubility and
release rate of the drug. Lin and Cham [57] showed that
solid dispersions of naproxen in PEG 6000 released drug
faster when a 5 or 10% naproxen loading was used than
when a 20. 30 or 50% loading was used. These results
could he explained on the basis of X-ray dittraction
results. which indicated that dispersions with low loading
levels of naproxen were amorphous whereas those with high
loadings were partly crystailing. However, the upper limit to
ihe percentage carrier that can he emploved is governed by
the ability to subsequently formulate the solid dispersion
into a dosage form of administrable size.

3.2.1.4. Drug/PEG svstems Griseofulvin is probably the most
studied diug with respect 10 dispersion in PEGs. Chiou and
Risgelman [ 16} were able o achieve a noticeable increase in
the. release rate of griseofulvin from solid dispersions in PEG
4000. 6000 and 20 00C. The fruit of rescarch with PEG/
grisealulvin combinations is (he marketed product. Gris-
PEG™. More recent studies with griseofulvin and PEGs have
fucussed on mixtures with vimious emulsitying ageats, Sjakvist
et al. [58] introduced small (jus antities of polyvsorbate 80,
polvethylenededecylether (Brijf® 35y sudium dudeeysulphate
(SLS) and dodecylamanium hromide into 1050 w/hw dispersians

AU
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of griseofulvin in PEG 3000 and by doing so were able to
achieve substantial increases in both the rate and extent of
disselution. Best results were obtained with SLS. Other
combination systems. such as a griseofulvin/PEG 6000/talc
syslem [47] could only achieve similar results to that of the
two-component dispersion, However, the talc system had the
advantages of being casicr to process and being less tacky.

An increase in the release rate by formulation as a solid
dispersion in PEG 4000 has been observed tor many drugs,
including oxazepam [59]. piroxicam [60] zolpidem [61] and
glyburide [31]. In some cases, in vivo data have verified the
importance of the increase in release rate to the bioavail-
abality of the drug in question. Arias et al. [62] were able 1o
show that « doubling of the release rate in vitro could be
translated info an increase in the cdiuretic effect of triamter-
ene in rats. A good correlation berween release data from
selid dispersions of nifedipine in PEG 6000 and the ¢lim-
ination of the drug in urine was documented in human
stndies [63). Similarly, a two-fold increase in the release
rate of carbamazepine achicved by formulution as a salid
dispersion in PEG 4000 and 6000 was ranslated into an
increase in the bioavailability relative to u suspension of
the drug and the marketed product. Tegre.tol"l [46].
However. even better results could be achieved with a
hydroxypropyl-B-vyclodestrin complex, Norfloxacin/PEG
6000 solid dispersions also produce a moderate increase in
bioavailubility [64). Further drugs which exhibit elevated
release rates when formulated as PEG solid dispersions
include Sr33557, a new calcium antagonist [65]. ketoprofen
[66]. oxazepam [67]. nifedipine [68], phenytoin [69], urso-
deoxycholic acid [70], {enofibrate [71] and prednisolone
[301.

There have also been several studies with PEGs of higher
MW, Perng et ul. [51] achicved a 1en-fold increase in the
release rute of an cxperimentul S-lipoxygenase inhibitor
with PEG 8000 using a hor melt method. Studies of coeva-
porates of ibuprofen with PEG 10 000, with the talc system
and with mixtures of the two indicated that the mixture of
the PEG with tale produced the best results [32].

22050 Problems wirth PEGs In general. there are few
toxicity concerns associated with the PEGs and they are
approved for many purposes as escipients. The low
molecular weight PEGs do. however. tend to show
slightly greater toxicity thun those of higher molecular
weight {48]. In addition. a great number of drugs arc
compatible  with  the have hbeen
nbserved in which the PEG proved to have siability
problems during manutuciure by the hot melt method. A
reduction in the PLG chain leagth was observed  for
comhinations with disulfiram. furosemide. chlorothiazide
and chlorpropamide {33]. Another difficulty can lie in the
subscquent formulation of the solid dispersion inte un
acceptahle dosage form. If the dispersion is too soft it can
be difficult if not impossible to manufacture a tablet dosage
form. This is most likely 10 oceur if a PEG with 100 low a

PEGs, A few cases

MW is used or if the drug has a plasticizing effect on the
PEG [50].

3.2.2. Polvvinvipyrolidone (PVP)

3.2.2.1. General characieristics of PVP Polymerization of
vinylpyrrolidone leads to polyvinylpyrrolidone (PYPY of
molecular weights ranging from 2500 to 3 000 000. These
can be classified according to the K value. which is calcu-
lated using Fikentscher's equation | 72]. Table 2 provides an
overview of the relationship between the K value and the
approximate molecular weight of PVP,

The glass transition wemperature of a given PVP is depen-
dent not only on its MW but also on the moisiuse content. Tn
general, the glass transition temperature (7,) is high: for
example., PVP K25 has a 7, of 155°C [73]. For this reason
PVPs have only limited application for the preparation of
solid dispersions by the hot melt method. Duc to their good
solubility in a wide variety of organic solvents. they are
particularly suitable for the prepuration of solid dispersions
by the solvert method. Similarly to the PEGs, PVPs have
good water solubility and can improve the wettability of the
dispersed compound in many cases. Improved wetting and
therzby an impraved dissolution rate from a solid dispersion
in PVP has been demonsirated for fufenamic acid [74].
3.2.2.2. Influence of the PVP chain length The chain length
of the PV has a very significant influgnce on the dissalution
rate of the dispersed drug from the solid dispersion. The
aqucous salubility of the PVPs becomes poorer with
increasing chain length and a further disadvantage of the
high MW PVPs is their much higher viscosity at a given
concentration  [721 Studies  with  cocvaporates  of
chloramphenicol and PVP revealed that the dissolution of
¢chleramphenicol was slower when PVDPs of higher MW
were used as the carier [35). Similarly. the slower
dissolution of indomethacin from PVP K90 compared to
PVP K12 was wttributed to the higher viscosity generated
by PVP K90 in the diffusion boundary laver adjacens to the
dissolving surface of the dispersion {24]. Other drugs for
which release is known to be slower when incorporated in
PVPs of higher MW include suiphathiazole {447 and
phenytoin [69]. In the case of probucol. however, a
somewhat different relationship was seen: here the rank
arder of release raie was PVP K30 = K25 > K90 [75]. In

Table 2
A wvaiues of PVP and the corresponding molecular weighis [72]

A value Approximate mielecular weight
12 2500
135 J0no
! 10000
235 30000
30 SO000
60 400000
90 LOA0NN)
120 n0cang
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general. though. the dependency of the release rate on MW
is clearer for the PVPs than in the case of solid dispersions
prepared with PEGs.

3.2.2.3. Drug/P VP rario Similarly to PEG. solid dispersions
prepared with high proportions of PVP tend to exhibit a
higher drug solubility and release rate than those with
high proportions of drug. For albendazole. for example. it
has been shown that an increase in the %PVP in the
dispersion leads to an increase in the release rate [76].
Doherty and York [77] studied the ralease behaviour of
furosemide/PVP dispersions us o function of the degree of
crvstaliinity of the preparation. When solid dispersions
comprising 50% furosemide were prepared. crystalline
regions could be detected by X-rav ditfraction. In contrast,
when the deng/earrier ratio was 2:3. the dispergion was
wnerphous,  Dispersions  containing  crystalline  areas
¢xhibited biphasic release profiles. with the amorphous
areas dissolving quickly and the crystalline areas more
slowly. Similar behaviour was reported by Keamey et al.
[45] for the experimental anti-inflammatory compound CI-
687. When the currier comprised 81% of the dispersion, no
crystalline arcas could be detected and the release rate of the
compound was rapid. Interestingly. when the %carrier was
further increased. the release rate became slower. In the case
of piroxicam/PVP solid dispersions [78]. the release rate
increased with the %PVP up till a ravo of drug/carrier of
b, after which it fell again (at rutios of 1:5 and 1:6). These
results were ¢larified with X-ray diffraction studies. Only
the dispersion containing a 1:4 ratio was amorphous; at all
other ratios semi-erystalline arcas could be detected. In this
case. the 1:4 ratio proved (@ be aptimal for the formulation
of piroxicam in PVP K30,

3.2.24, Drug/PVP svstems Most studies of PVP solid
dispersions reported in the literatre have used PVPs of MW
2500-50 000 (K12 to K30). As in the casc of PLGs.
griseofulvin has been onz of the most widely studied
compounds. The first solid dispersions of griseofulvin in
PVP were reported in 1966 by Maversohn and Gibaldi [42].
Linproved disselution of the test compound from solid
dispersions prepared with PVP K17 have been reported
variously {or sulphathiazole [443, hydrochlorothiazide [79].
and piroxicam {[R8(}]. For a series of non-steroidal ant-
inAlammatory drugs (NSAIDs) including mefenamic acid,
azapropazone. glafenin and Hotafenin, it was shown that
coevaporates prepared with PVP K25 improved the release
and bioavailability of the drug more than those prepared
with PEG 6000 (81]. Furthermore. it was shown in the same
studics that the NSAIDs were less likely to cause uleeration in
the GTtract when administered as a solid dispersion. In another
study. the release rates from solid dispersions of etopiside in
PLEGs and PVPs were compared [50]. PVP K25 produced
faster retease than PEG 3400, 60410 or 8000, On the other
hand. the release rate from PLEG 3400 and 6000 was higher
than from PVP K17, Using PVP K30 as the carrier. the release

rate of the 3-lipoxygenase inhibitor SB 210661 [51]. a weakly
hasic experimental compound. RS 8359 [82] and benidipine
HCL [83] could all be improved. In the case of atenolol, the
improvement in release rate using PVP K30 proved to be better
than the release rate from other carriers 1ested [84].

3.2.2.5. Toxicity profile of PVP Polyvinylpyrrolidones
found their first pharmaceutical application as plasma
expanders in the 1940s. This role hecame less impariant
with the advent of dextrans. However. PVPs e siill
widely used in the pharmaceutical scetor as exeipients.
When given orally. they are regarded as net being toxic,
partly because they have too high &« MW 10 be absorbed
from the GI iract. Reports of side effects are restricted 1o
the formation of granulomas after intramuscular injection

(72].

325, Polvvinxlalcohinl (PVA), crospovidone (PVP-CL),
polvinxpyrrolidone-polvvinviacetate copolvmer (PVP-
PVA)

All three poiymers belong 1o the polyvinyl group,
Whereas polyvinylalcohot (PVA) and vinvipyrralidone/
vinylacetate (PVP-PVA) copolymers are both water soluble,
crospavidone swells when dispersed in water. When solid
dispersions of nifedipine were prepared with carrjer
mixtures consisting of nicotinamide and PVP. hydroxypro-
pylmethylectlulose (HPMC) or PVA in a drug/icotina-
mide/polymer ratio of [:3:1. those prepared with PVA
dissoived 20 times as fast as the drug alone [83). However,
the other carriers. HPMC and PVP, vielded even beuter
results, The use of PVA/PVP copolymers as carriers in
solid dispersions has been shown to lead to cnormous
increases in the drug release rate. Studies with the cytostatic
drug HO-221 showed that the PVA/PVP solid dispersed not
only dissolved 23 times faster than the drog powder. but also
enhanced the bioavailability in beagles by a factor of 3.5
[86]. Moncghini et al. [84] reported that in the case of
atenclol. 0o high a PVA/PVP content could lead 10 a
decrease in the release rate of the drug. This observation
was attributed 1o high viscosity i the diffusion boundary
layer adjaceni 1o the dissolving surface. Similar resobts were
subsequently reported for PYA/PYP cocvuporates of carbu-
mazepine {87]. Tn this case the aptimal drug/earrier ratio
was l:d: when the proportion of carricr was either lower
or higher. the increase in the releuse rate was not as
dramatic. The full-oft at higher carrier ratios could be attrih-
uted to gel formation in this case. Even though crospovidone
does not dissolve in water, it can also be used as a carrier to
improve drug release rates. For example, a 1:2 ratio of furo-
semide to crospovidene led to an inerease in the dissolution
rate by a flactor of 5.8 [88] in comparison with either the
drug powder or a physical mixture of furosemide with cros-
povidone. The mechanism of the increase in the release rate
of furosemide proved to be the presentation of the drug in
the amorphous form in the dispersion. as shown by X-ray
diffraction studies.
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3.2.4. Cellulose derivatives

3.2.4.1. General characterisiics of cellilose derivatives -
Celluloses are natugally occurring polysaccharides that are
ubiguitous in the plant kingdom. They consist of high mole-
cular weight unbranched chains. in which the saccharide
units are linked by [3-1.4-2lycoside bonds. By appropriare
alkylation. the cellulose can be denvatized to form methyl-
(MO) hydroxypropyl- (HPCY  hydroxypropylmethyl-
(HPEMC) and many other semi-synthetic celluloses. Since
each glucose unit has three hydroxy! groups that can be
derivatized. the average substitution grade (SG) cannot
cxceed three, unless of course the hydroxyl groups on the
substiiuents themselves (e.g. in the case of HPMC) are also
derivatized. A further possibility for derivatization is the
esterification of the cellulose to form compounds such as
cellulose acetate phthalate (CAP) and hydroxypropyl-
meihylecltulose phthalate (HPMCP).

1.2.4.2. Hydroxvpropyhnethvleelinlose (HMPC) HPMCs
are mixed ethers of cellulose. in which 16.5-30% of the
hydroxyl groups  are  methylated  and  4-32%  are
derivatized with hydroxypropyl groups. For example,
Type 2910 has an average methoxy content of 29% and
an hydroxypropyl content of 0%, The molecular weight
of the HPMCs ranges from abaut {0 Q00 to | 500 000
and they are soluhle in water and mixtures of ethanal with
dichloromethane and methanol with dichloromethane [89].

Studies with albendazole, u poorly scliuble weak base
with incomplete bioavailability. showed that the relcase
rate and the bioavailability in beagles could be improved
through preparation of a selid dispersion in HPMC [90}. It
was further demonstrated that HPMC was able to inhibit the
recrystallization of the albendazole, and that a further
improvement in release characteristics could be achieved
when a carrier mixture consisting of HPMC and HPMCP
was cmployed. Other drugs which cexhibit faster release
from salid dispersian in HPMC include the poorly solubie
weak acids nilvadipine {91 and benidipine |83]. In combi-
nation with nicotinamide as the carrier system. HPMCs
produced the best increase in the release of nifedipine of
the serics PVP, PVA and HPMC [85).

3.2.4.3. Hydrovypropyleelllose (HPC) Hydroxypropyl-
methylcellulose (HPC) exhibits good solubility in a range
of solvents. including water {up 0l 40°C). ethanol.
methanol and chloroform. The average MW of the HPCs
ranges from 37 000 (L'ype SSL)to | 150 000 (Type Hy [92].
Yuasa et al. [93] carped our extensive studies of the
influence of the chain length and proportion of HPC in the
salid dispersion on the release behaviour aof flurbiprofen.
The release rate improved as the proportion of HPC was
incrcased and when lower MW HPCs were used as the
carrier,

32440 Carboxvinethyledivicelluinse (CMEC) CMEC also
belongs to the cellulose ethers. but unlike many of the others

it is resistant to dissolution under gastric {acidic) conditions,
Tt dissolves readily at pH values above 5-0. with lowest
dissolution pH being dependent on the grade of ihe
CMEC. CMFCs  also  dissolve  readily  in acetome.
isopropanal  70%. ethanol 60% and 1:1 mixtures of
dichloromethane  and  ethanol.  Amorphous  sohd
dispersions  of oifedipine and shuw
enormous increases in the dissolution rate of the drug
pH values of 0.8 |Y4]. Likewise. the hioavailubility of the
{est substance MFB-1041 could be subsianually improved
in beagles [95].

spirenolactone

3.2.4.5. Hydroxvpropylmethvicelinlose phthalate (HPMCP )
HPMCPs are cellulose esiers which are often used as enteric
coatings. Depending on the grade. they dissclve first ut pH 3
(HP 50) or pH 5.5 (HP 55). Their solubility in organic
solvents is also type-dependent. Their MWs range from
20000 w 2000000 [96]. The dissolution rate of
griscofulvin a1 pH 6.8 could be greasly cabanced by
incarporating it in a coevaporate of HPMCP [94]. In thig
case it was shown that griseofulvin was present in the
dispersion in the amorphous form. Using a spray-drying
lechnigque to form a solid dispersion in HP 35, the
dissolution rate of the anu-fungal drug MIB-i041 could
be increased by a factar of 12.5 as compared 10 the best
possible dissolution achievable by micronizing the drug
[95]. Jurthermore. the oval bioavailability in beagles was
almost 17 times better following administration of the
drug in salid dispersion form. ln studies of cocvaporaies
of the poorly water soluble cytostatic drug T10-221. i1 was
shown that. while ai pH 1.2 the dispersion in HPMCP did
nat release the drug, at pH 6.5 it released the drug as well as
dispersions in the pH-independent polymers PVP and PVP/
PVA |86]. In this set of studies, the bioavailability of the
various dispersions of 110-221 was ussessed in beagles. The
coevaporaic  in PVP/PVA led o an increase  in
bivavailability of 30-60%. whercas the cocvaporate in
HPMCP led to almost complete absorption of the drug.
Since the intraduodenal application of the PVP/IPVA
cogvaporaie also led 1o virtually complete absorption, it
was concluded that the incomplete absorption from PVP/
PVA coevaporate after oral administration was duc to
precipitation of the drug Tollowing rapid disselution and
formation of a supersaturated solution in the gastric juice.
These studies demonsirated the potential advantage of using
a4 gastric juice resistant polymer as carriers for poorly
soluble drugs.

1.2.5 Polvacrvlates and polvinethacrvlaies
Polyscrylates and  polymethacrylates  arc
substances thal are praduced by the polymerization of
acrylic and methacrylic acid. and derivatives of these poly-
mers such as esters amides und nitriles. In pharmaccuticals
they are mostly used as coatings to modify the release of the
drug from the dosage form. Commenly they are referred o
by the trade name Eudragit™ [97]. Among the Endragiis.

alussy
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Fudragit® F is often used to improve the release rate since it
is soluble in buffer solutions ar pH values up to 5 and swells
at higher pHs. while Eudragit® L can be nsed when it is
desirable to aveid release in the stomach. When benipidine
was formulaled as a coevaporale with Eudragit™ E. the rate
of dissolution was much higher than from the pure drug
powder [83]. On the other hand, Eudragit.@ L. has been
successfully used to increase the dissolution of griseofulvin
and spironolactone at a pH value of 0.8 (94).

3.2.6. Urea

Urea is the end product of human protein metabolism, has
a light diuretic effeet and is regarded as non-toxic, Its solu-
hility in water js greater than | in 1 and it also exhibits good
solubility in many common organic solvents. In one of the
first: bicavailability sludies of solid dispersions, it was
shown that sulphathinzole was better absorbed in rabbits
when given as a cutectic with urea (9], Similarly, Goldberg
et al. [21] reported faster dissolution rates of chlorampheni-
col when prepared with wrea as the carrier. Although urea is
nat often used as a carricr these dayvs, it has been recently
shown that the dissolution rate of the poorly soluble
compound ofoxacin can be improved by maore than three-
fold by incorporaling it in a coevaporate with urea {98]. In
the case of ursodeoxycholic ucid the release rate from urea
dispersions prepared by the hot melt method was faster than
from other carriers studied. including PEG 6000 [70]. A
twa-fold increase in the dissolution rate of phenytoin has
also been achieved with urea: however, in this case PEG
6000 was far more efficient [69),

2.7 Sugar. polvols and their poiviners

Although sugars and related compounds are highly water
soluble and have few. if any. loxicity issues. they are less
suilable than other carriers Tor the manufaciure of solid
dispersions. The meling point of mest sugars s high.
making preparation by the hot melt method problematic,
and their solubility in most organic solvents is poor, making
it difficult to prepare coevaporates. Despite these draw-
backs. scveral attempts to prepare solid dispersions using
sugars and their derivatives have been reported. Mannitol.
which hus & melting point of 165-168°C und decomposes
only abave 250°C. can be emploved in some cases (o
prepare dispersions by the hot melt method, Improved
release  characteristics have been reported for sorbitol
dispersions of several compounds. including nitrofurantain
[63]. prednisolone |30]. ofloxacin [98] und ursodeoxychalic
acid [70]. In mnst of these cases. other carriers produced
better results. Interestingly. nitrofuranioin showed better
release from sorbitol than mannitol dispersions (the two
sugars are isomers) [63]. Tndeed, a dispersion of predniso-
lone in sorbitol released the drug faster than ail other
carriers tested, including PLEG. PVP. wca and mannitol
[30]. Chitosan, a derivative of the polysaccharide chitin
which is formed by deacctylation at the N position, has
also been vsed as a carrier in solid dispersions, Both chit-

asan and its salt form. chitosan glutamate. were able o
improve the release of nifedipine by a facinr of two 1o
three compared to the drug powder [99]. In these studies.
the performance of the coevaporates was compared to that
af physical dispersions prepared by co-grinding. The coeva-
porates produced faster release rates than co-ground
mixtures.

3.2.8. Emulsifiers

The release behaviour of many drugs can also be
improved through the use ol emulsifving agents, Two
mechanisms are possible here: improvement of wetting
characieristics and solubilization of the drug. Owing 1o
their potential toxicity problems. such as damage to mucosal
surfaces, they are usually used in combination with another
carrier. For example, the release of naproxen from snlid
dispersions in PEG 4000, 6000 and 20 000 could be further
¢cohanced when either sodium louryl sulphate (SLS) or
Tween™ 80 (a polyethylene sorbitan faity acid ester) was
added to the system [56). Inclusion of atkali dodecylsul-
phate surfactants in carrier systems can lead to conversion
of a solid dispersion 10 u solid solution. Melis of griseaful-
vin and PG 6000 normally contain crystatline urcas: in the
presence of SLS a solid solutjion is formed {100)],

Bile salts und their derivatives are natural surfactants that
are huill from a steroidal skeletan in the liver and which are
impartant to the emulsification of fats and oils in the diet, As
with other surfactants. they can enhance the wetting and
solability of many lipophilic sobstances. leading w an
increase in the dissolution rate, Stoll et al. [27] demonstrated
the ability of bile salts such as cholic acid. deagyeholic acid
and lithocholic acid to imprave nat anly the relzase but also
the sedative effects of reserpine when given as 4 coevapo-
rate. Likewise. the release of hydrocorlisone can be
enhanced by formulation as a solid dispersion in cholesterol
and various cholesterol csters [28]. In roceont  tunes.
however. there has been little activity in this area.

3.2.9. Organic acids and thetr derivarives

Organic acids such as succinic acid and citric acid have
also been used as carriers in solid dispersions, originally o
enhance the release rate of griscotulvin [16,20]. In maore
recent years. no further studies with these two acids have
been published. Melts of nifedipine with nicotinamide. the
amide of nicolinic acid. exhibited aboul a six-fold increase
inthe dissolution rate compured 1o the drog powder but even
hetrer results were obiained with PEG 6000 as the carrier
[68]. By combining the nicotinamide with a palymeric
carrier such as HPMC or PVP, the release of nifedipine
could be further greatly improved [85]. The best resulis. a
20-fold increase. were obtained with a dispersion of nifedi-
pinc. nicotinamide and HPMC in a ratio of 1:3:1.

3.2.10. Other carriers
Many other substances have been tested as curriers for
solid dispersions. A hydrolysis product of collagen. Gelita”
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Collagel. was reported to improve the release rate of oxaze-
pam by a factor of six when prepared as a solid dispersion by
spray drying [67]. Even after tabletting. the solid dispersion
displayed better releuse characteristics than the physical
mixture or the drug powder alone [101]. Gther materials
tested include pentaerythritol [16] and phospholipids (46].

3.3 Chargcterizamion of selid dispersions

The methods that have been used to characterize solid
dispersions are summarized in Table 3. Among these. the
most important methods  are  thermoanalytical.  X-ray
diffraction. infrared spectroscopy and measurement of the
release vate of the drug, In addition to characterizing the
solid dispersion. these methods can be used to differentiate
hetween solid solutions (molecularly dispersed drug), solid
dispersions in which drug is only partly molecularly
dispersed and physical mixtures of drig and carrier, Due
to the complex composition of these preparations. it is
often difficult to delincate preciscly between melecularly
dispersed and not molecularly dispersed systems and ditfer-
ent analytical methods muy yield disparate resulis. It is
usually assumed thal dispersions in which no crystallinity
can be detected are molecularly dispersed and the absence
of crystallinity is used as a criterion to differentiate between
solid solutions and solid dispersions.

Thermoanalytical methods include all that examine a
characteristic of the system as a function of temperature,
Of these. ditferentiu]l scanning calorimetry (DSC)Y is the
most highly regarded method. DSC enables the quantitative
detection of all processes in which energy is required or
produced (i.e. endothermic and exothermic phase transfor-
mations). The usual methad of measurement is to heat the
reference and test samples in such a way that the tempera-
ture of the two is kept identical. If an energy-requiring phase
Irangition occurs in the tast sample. extra heat is applied to
this sample so that its tenperature climbs at the same rate as
i the reference. The additional heat required is recorded
and vsed 10 guantitare the energy of the phase 1ransition.
Fxothermic mansitions. such as conversion of one poly-
morph to u more stable polymorph. can also be detecred.
Lack of o meling peak in the DSC of a solid dispersion
indicates that the drug 15 present I an amorphous rather
than a crystalline form. Since the method is quantitative in
nature, the degree of crystallinity can also be calculated for

Table 3
Methods for the characterization of solid dispersions

Dissolution testing

Thermoanalytical methods: differential thermoanalysis and hot siage
TICTOSCOPY

Calorimetric analysis of the selution or melting eathalpy for caleulation of
entropy change

X-Rav diflraction

Spectroscapic methods. e.g. IR spectroscopy

Micraseopic methods including polatization microscopy and scanning
electron microscopy

systems in which the drug is partly amorphous and purtly
crystalline, IHowever. crystallinities aof under 2% cannot
generally be detected with DSC [15].

The principle behind X-ray diffraction is that when an X-
ray beam is applied to the sample, interference bands can be
detected. The angle at which the interference bands can be
deteered depends on the wavelength applied and the geonic-
try of the sample with respect w periodicities in the struc-
ture. Crystallinity in the sample is reflecied hy a
characteristic lingerprint region in the diffraction patlern.
Owing to the specificity of the fAngerprint, crystallinity in
the drug can be separatcly identified from erystallinity i the
carrier. Therefore, it is possible with X-ray diffraction 1o
differentiate between solid solutions. in which the drug is
amorphous. and solid dispersions, in which 11 is at least
partly present in the crystalline form. regardless of whether
the carrier is amorphous or erystalline. However. crvstal-
linities of under 3-10% cannat generally be detected wilh
X-ray diffraction.

Structural changes and luck of a crystal structure can lead
to changes in bonding hetween functional groups which can
be detected by infrared spectroscopy. Since not all peaks in
the 1R spectrum are sensitive lo crystalline changes. il is
pessible to differentiate between those that are sensitive o
changes in crystaliinity and those that arc not [22].

Release rate experiments cannot be used on a stand-alone
basis to determine whether a solid solution has been formed
or nol, However, in conjunction with other phyvsicochemical
data, they provide strong evidence for the formation of a
molccularly dispersed or nearly molecularly  dispersed
syslem. When the goal of praparing a salid dispersion is
to improve the dissofution characteristics of the drug in
question. the results of the release rate experiments are
obviously of prime importance in assessing the success of
the approach. A well-designed release experiment will show
whether the solubility of the drug and its dissolution rate has
been enhanced. and also whether the resulting supersatu-
rated solution is stable or tends o precipitate quickly.
Comparison of results with those for pure drug powder
and physical mixwres of the drug und carrier can help
indicale the mechanism by which the carrier improves
dissolution: via sotubilization and wetting effects which
could be affceted by a sunple nuxture of the components.
or hy lormation ol a solid dispersion/solution,

4. Summary and future perspectives

Experience with solid dispersions over the last 20-30)
years indicates that this is a very frunful approach to
improving the release rate and oral binavailability of paarly
soluble drugs. The most frequent concerns with solid disper-
sions have becn the ubility to scalg-up the manufacturing
method. the physicul stability of the dispersion. and the
amount of carrier necded to fucilitate the required mercase
in the release rate, When a high carrier/drug ratio must he
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used. the amount of dispersion required 1o administer the
usual dose of the drug may be too high 1o produce a tablet or
capsule that can he easily swallowed. The higher the unit
dose of the drug. the more likely this problem is to occur.
Another aspect that must be considered is the correlation
beiween in viiro and in vive resulis. Dispersions with 4 rapid
in vitro release rate may fail 10 improve the oral bioavail-
ability if the in vitro test conditions do not adequately simu-
late the gastrointestinal conditions, or if there is some
specific interaction between the carrier and a component
of the GI fluids or a co-ingested foodstuff. Despite these
concerns, several products containing solid dispersions arce
already on the market and the number is expected to
increase dramatically in the next years,

Two trends strengly Tavour an increasing role for solid
dispersions in pharmaceutical development: the increasing
number of drug candidates which are poorly solubte. and the
subsiantial improvements in the manufacturing methods for
solid dispersions that have been made in the last few years.
The application of hot melt extrusion to the production of
solid dispersions is a purticularly important breakthrough
for scalc-up of solid dispersion manufacture. Another
advantage of solid dispersions over other approaches is
that many of the cariers that can be applied are already
extensively used in the pharmaceutical industry as exeipi-
ents, so additional toxicity studies above and bevond what is
required for the drug itself should not be requived. The
possibility of combining several carriers to produce an opti-
mized product further extends the range of possibilities for
formulation. Yer another advantage of solid dispersions
over ather approaches is that the increases in solubility
and relewse vate that can be achieved are often much,
much greater (up o orders of nagnitude). This could poten-
tally lead to an increase in hioavailubility that is so great
that the dose administered could be lowered.

Aspects that snill need to be addressed 1n the nexi years
include further improvements in manufacturing on a large
scale, and better predictions of whether a particular drug/
carrier combination will lead to o true solid solution or 10 a
parily crysialline dispersion as well as whether the dispersion
will remain physically slable during further processing and
storage. Last but not least. although this article has been
devoted to the use of solid dispersions for the improvement
of the release rate and oral binavailahility. by judicious choice
of the currier it is also passible to delay or slow down the
relense pattern of a drog by formulating it as a solid dispersion.
The availability of a wide variery of polvmers that are them-
selves poorly soluble or which swell under aqueous conditions
suggesis that solid dispersions have fremendous potential in
the area of conirolled release dosage forms.
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