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Fecha de Presentacién Internacional 21 de septiembre de 2006

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

1. Documentos estudiados

Descripcién: Folios 58 a 84 04/04/2008
Folios 140 a 160 10/05/2012
Reivindicaciones: Folios 85 a 92 04/04/2008
Folios 161 a 165 10/05/2012
Respuesta del solicitante:  Folios 131 a 139 10/05/2012
Prioridad: DE 102005047561.2 04/10/2005

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque 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 invencién

Titulo de la solicitud: “FORMAS DE PRESENTACION FARMACEUTICA SOLIDAS
DE ADMINISTRACION ORAL QUE CONTIENEN 5-CLORO-N-({{(58)-2-OX0-3-[4-(3-
OX0-4-MORFOLINIL)FENIL]-1,3-OXAZOLIDIN-5-IL}METIL)-2-
TIOFENOCARBOXAMIDA". (FI. 138)
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El problema planteado en esta solicitud consiste en la necesidad de composiciones
con 5-cloro-N-({[(55)-2-ox0-3-[4-(3-oxo-4-morfolinil)fenil]-1,3-oxazolidin-5-il}metil)-2-
tiofenocarboxamida en forma amorfa o de modificacion cristalina
termodinamicamente metaestables que es de liberacion rapida.

Para resolver este problema técnico la solicitud en estudio proporciona una forma de
presentacion farmacéutica solida que puede administrarse oralmente que comprende
5-cloro-N-({[{53)-2-0x0-3-[4-(3-ox0-4-morfalinil)fenil]-1,3-oxazolidin-5-il}metil)-2-
tiofenocarboxamida en forma amorfa o de modificacién  cristalina
termodinamicamente metaestables de rapida liberacion

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A61K31/5377; A61K9/20,

4. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

El'término “forma de presentacion” contenido en el preambulo de las reivindicaciones
no es claro ya que no es posible identificar a qué tipo de producto se refiere el
solicitante, debido a que esta frase no limita el objeto de ia solicitud puesto que
existen diversas formas de presentacién tales como formas farmacéuticas, kits,
dispositivos etc., por lo cual se recomienda al solicitante aclarar el objeto de la
reclamacion.

La expresion ‘principio activo (l)" carece de claridad ya que dentro de la
reivindicacion no se clarifica a qué compuesto corresponde dicha denominacion.

La reivindicacién 1 y sus dependientes no son concisas ya gque no se limita el
alcance de la solicitud, debido a que no se establece cual es la forma de
presentacion reclamada ni sus elementos técnicos constitutivos. Para el caso de un
producto tipo composicion, ias caracteristicas técnicas esenciales son el principio
activo, los excipientes, las proporciones de los mismos y cualidades de los
excipientes. Ilgualmente, en relacion con las reivindicaciones de proceso estas deben
caracterizarse como un conjunto de actividades ordenadas por una serie de pasos
de manera determinada. Se recomienda ajustar las reivindicaciones segln los
requisitos.

La reivindicacion 1 establece que le principio activo {l) corresponde a una forma
amorfa o de modificacion cristalina termodinamicamente metaestable. Sin embargo
no se divulga cual es especificamente la forma cristalina de la composiciéon nicuél o
cuales son las formas termodinamicamente metaestables. Es pertinente aclarar al
solicitante que en relacién con un cristal debe haber una descripcién detallada de af
menos un modo de lograr el mismo, es decir, se debe divulgar con suficiente detalle
todos los pasos esenciales y las condiciones experimentales, para que se pueda
reproducir el polimorfo inventado por medio del proceso que permite su obtencion.
Adicionaimente, en la descripcidn se deben divulgar los elementos esenciales del
cristal por medio de técnicas que permitan caracterizarlo (DRX monocristal o en
polvo y métodos de analisis térmico TGA, DTA y DSC) y que aporten informacién
estructural del compuesto de forma complementaria (espectroscopia Ramane IR o
espectroscopia RMN-C13), asi como del problema técnico que pretende resolver la
invencion y de los demas elementos caracteristicos asociados a la red cristaiina, tal
es el caso de las dimensiones de la unidad de celda y del habito cristalino que le
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permitan a la persona versada en la materia comprender el aporte de la invencién al
estado de la técnica.

Se considerara que la divulgacion no es suficiente si:

- No hay una descripcién de los métodos de medida usados para determinar los
valores de los parametros de tipo estructural y cristalino del polimorfo reivindicado.
- Los procesos de preparacién divulgades en la solicitud son idénticos a los del
estado de la tecnica, pero se afirma haber obtenido un polimorfo diferente, 6

- Todos los procesos de preparacion divulgados preparan los polimorfos
reivindicados usando cristales semilla, pero no se describe el proceso para preparar
los cristales semilia,

Para las dos cuestiones: tanto de divulgacién suficiente, como de nivel inventivo de
una invencion relacionada con un polimorfo o las composiciones que lo contienen, se
considera el mismo nivel de habilidad de la persona del oficio normalmente versada
en la materia.

Por otra parte, la reivindicacion 1 caracteriza un producto por su proceso de
obtencién. Las reivindicaciones de productos definidas en términos de un proceso de
fabricacion son admisibles, solamente si los productos como tales cumplen los
requisitos de patentabilidad, es decir, cuando son nuevos e inventivos, y cuando no
se pueden definir por sus caracteristicas estructurales. En el presente caso el
producto reclamado puede definirse por sus caracteristicas técnicas esenciales que
para una composicion corresponden al compuesto activo, los excipientes,
proporciones y cualidades de los excipientes. En consecuencia, el proceso de
obtencion del principio activo no se considera una caracteristica técnica del producto,

por lo tanto las reivindicacion 1 y sus dependientes deben ajustarse en forma
adecuada.

Finalmente, una reivindicacion que comprenda un cristal o polimorfo se considerara
debidamente soportada en la descripcion si esta divulga:

- Los parametros fisicoquimicos del polimorfo reivindicado.

- Las condiciones experimentales relevantes de los métodos de medida usados para
determinar las caracteristicas del polimorfo reivindicado junto con las caracteristicas
del cristal y de su estructura, y )

- Los procesos de preparacion del polimorfo que se reivindican.

Las reivindicaciones 6, 7 y 10 reclama un procedimiento en el que se divuiga un
elevado numero de compuestos denominados “cargas y aglutinante”, sin embargo la
descripcion carece de informacidn que permita evidenciar la utilidad de todos estos
excipientes en la formulacién y su efecto en el proceso, por otra parte la expresion
“excipientes de formacién de comprimidos” es una caracterizacion funcional y no
limita el alcance de la solicitud.

Lareivindicacion 6 utiliza la expresién “se envasa en forma de saquitos”, no es claro
cual tipo de envase describe el solicitante, se recomienda revisar dicha expresion.

L.a reivindicacion 9 es dependiente de la 8 pero se refieren a objetos diferentes porlo
cual se sugiere eliminar dicha dependencia.
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5. Determinacion del Estado de la Técnica

El Estado de la Técnica se determiné con base en la fecha de presentacién de la
solicitud de prioridad: 4 de octubre de 2005 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

Fecha de

ltem Documento Titulo Publicacion®

Substituted oxazolidinones
D2 Us2003153610 and their in the field of blood 14/08/2003
coagulation

European journal of
pharmaceutics and .
b3 Biopharmaceutics. Vol 54 Melt ex{;“;}gg' frtc;r:;hpr)‘r;)lgess to drug
lssue 2 (2002), pp. 107- v ay

117

23/Enero/2000

Jens T. Cartensen.
D4 Editorial Marcel Dekker, Advanced pharmaceutical solids 2001

Inc. NY, 2001

El documento D2' ensefia una composicidn solida en forma de tableta, pildora o
granulos, (parrafo 0367), que comprende un compuesto activo derivado de la férmula
()., especificamente el compuesto  5-cloro-N-({[(55)-2-0x0-3-[4-(3-0x0-4-
morfolinil)fenil]-1,3-oxazolidin-5-il}metil)-2-tiofenocarboxamida (parrafo 0012)

Por su parte, el documento D3 es un articulo de revisién en relacion con la
metodologia de fusidén por extrusiéon, siendo la misma una técnica ampliamente
conocida en el arte. (documento completo).

El documento D4 divulga los diversos procesos para la preparacién de formas
farmacéuticas entre [as que se encuentran las capsulas y tabletas (capitulos 22 y 23)

6. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

En el presente caso, los productos reclamados en la solicitud no tienen nivel
inventivo, teniendo en cuenta que la reivindicacion 1 se refiere a: “Forma de
presentacion farmaceutica solida que puede administrarse oralmente que comprende
S-cloro-N-({[(55)-2-oxo-3-[4-(3-0x0-4-morfolinihfenil}- 1,3-oxazolidin-5-ilmetil)-2-
tiofenocarboxamida y que es de liberacion rapida” (Fl. 161).

La tabla siguiente presenta la comparacién entre las caracteristicas técnicas
esenciales de la solicitud estudiada, mencionadas en la reivindicacién 1, y las
reveladas en el documento D1, gue representa el estado de la técnica:

Tabla 1

Caracteristicas | b2 D3
esenciales

Forma de  presentacion | Discute  composiciones | Ensefa las técnicas y resultados de la
farmaceutica sdlida que | solidas  en forma de | metodologia de fusidn por extrusion.
puede administrarse | tabletas, pildoras 0 | {documento completo)

oralmente que comprende 5- | granulos {parrafo 0367), la

1.http/iworidwide. espacenel. com/publicationDetails/biblio?DB=EPCDQOCA!=0&ND=3&adijacent=true&locale
zen EP&FT=D&date=200308148CC=US&NR=2003153610A1&8KC=A1
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cloro-N-{{{(58)-2-0xC-3-[4-(3-
- oxo-4-morfelinilifenil]-1,3-
oxazolidin-5-imeti)-2-
tiofenocarboxamida y que es
; de liberacién rapida
caracterizada porque

composicion comprende el
compuesto activo 5-cloro-
N-({[(55)-2-0x0-3-[4-(3-
axo-4-marfelinilifenil]-1, 3-
oxazolidin-5-ilimetil}-2-
tiofenocarboxamida
{parrafo 0012)

- Comprende pincipio activo {1)
en forma amorfa o de
modificacién cristalina
termodindmicamente

metaestable. y en la que el
principic active(l) se amorfiza
0 se conviete en una
modificacion cristalina
termodinamicamente

metaestable, mediante un
procedimiento de disolucién
en el gue se usa acide acético
como disolvente y se afiade
polivinilpirrolidona, y el
principio  activa () esta
presente  en la mezcla
resultante del procedimiento
de disolucian a una

o

El cristal amorfo o
termadinamicamente

estable es obtenido por
disolucion debido al paso

final de mezcla o
disoclucion del compuesto
en el proceso de

preparacién (parrafos 0571
y 0572). El agente activo
esta presente en un rango
de 0.1-95%, 05-90% y 1 a
85% {parrafo 0367)

No lo divulga, sin embargo el proceso
de obtencién de la forma amorfa o del
cristal termodinamicamente estable no
se considera una caracteristica técnica
de producto.

1
l concentracién def 0.1 al 30%.

En lz que el principio activo (1)
se amorfiza o se convierte en
una modificacién cristalina
termodinamicamente
metaestable mediante un
" procedimiento  de  fusién,
. usandose en el procedimiento
_ de fusidn polietilenglicoles ©
mezclas de polietilenglicoles,
y el principio activo (1) esta
presente en la mezcla
resultanie © despues del
proceso de fusidon a una
concentracién de 0.1 al 30%,
o i

No lo divuiga, sin embargo
el proceso de abtencién de
la forma amorfa o del
cristal
termodinamicamente
estable no se considera
una caracterlstica técnica
de producto.

No lo divulga, sin embargo el proceso
de obtencién de la forma amorfa o del
cristal termodinamicamente estable no
€ considera una caracteristica técnica
de producto.

en la que el principio active (I} |
se amorfiza ¢ se convierte &n
I una medificacion  cristalina
" termodinamicamente
metaestable mediante
exirusicn en estade fundido
hidroxiporopilcelulosa (HPC) o
" polivinilpirrolidona (PVP). |
., siend¢  la  proporcién  de
t polimero en el extrusionado
fundido de al menos & 40% y
estando presente el principio
activo (l) en el extrusiorado
. fundido a una concentraciéon
del 0.1 al 20%.

No lo divulga, sin embargo
el proceso de obtencién de
la forma amorfa o del
cristal
termodinamicamente

. estable no se considera

una caracteristica técnica
de producto.”’

Este articulo revisa la tecnologia de
preceso de fusion por extrusion con
respectc a ia puesta en marcha vy
elementos especificos de la extrusora,
asi como su aplicacién. Los procesos
de fusidbn por extrusién se aplican
actualmente en el campo farmaceéutico
para la fabricacién de una variedad de
formas de dosificacién y formulaciones
tales como  granulos, pellets,
comprimidos, supositorios, implantes,
stents, sistemas transdérmicos e
insertos oftdlmicos. La fusion por
extrusién se considera una tecnologia
eficiente en este campo con ventajas
particulares sobre los procesos
solventes como co-precipitacion.

lLas anterioridades D2 y D3 se consideran el estado de |la técnica cercano a la
invencidn definida en Ia reivindicacion 1, debido a que el documento D2 discute
composiciones solidas en forma de {abletas, pildoras o granulos (parrafo 0367), la
composicion comprende el compuesto activo 5-cloro-N-{{[(5S)-2-ox0-3-[4-(3-ox0-4-
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morfolinil)}fenil]-1,3-oxazolidin-5-il}metil)-2-tiofenocarboxamida (parrafo 0012), en
donde el cristal amorfo ¢ termodinamicamente estable es obtenido por disolucion
debido al paso final de mezcla o disolucién del compuesto en el proceso de
preparacion (parrafos 0571 y 0572). Igualmente, la anterioridad ensefia que el
agente activo esta presente entre 0.1 a2 895 %, 0.5 a 90% y de 1 a 85% (parrafo
0367), pudiendo ser la cantidad de activo variable dependiendo de las circunstancias
(parrafos 0370 y 0372)

La diferencia entre la invencion, definida en la reivindicacion 1, y las composiciones
del documento D2 consiste en que en la anterioridad no se divulga de manera
especifica que el uso de acido acético como disolvente y polivinilpirrolidona ni que el
rango de activo sea 0.1 al 30%.

Por su parte, el documento D3 divulga la tecnologia de proceso de fusion por
extrusion con respecto a la puesta en marcha y elementos especificos de la
extrusora, asi como su aplicacion (resumen).

La diferencia entre la invenciéon, definida en la reivindicacion 1, y la divulgacién del
documento D3 consiste en que la anterioridad no divulga de manera especifica que
el compuesto extruido corresponda a 5-cloro-N-({[(5S)-2-0x0-3-[4-(3-0x0-4-
morfolinil)fenil]-1,3-oxazolidin-5-il}metil)-2-tiofenocarboxamida.

El efecto técnico que logra esta diferencia no se puede determinar ya que si bien, el
solicitante presenta las tablas de liberacién de las formulaciones ejemplares frente a
las composiciones que contienen el principio activo micronizado, no existe
informacion en la descripcion que permita establecer una ventaja de las
composiciones reclamadas con relacién a las divuigadas por D2 que también
comprenden formas metaestables del compuesto 5-cloro-N-({[(55)-2-0x0-3-[4-(3-0x0-
4-morfolinil)fenilj-1,3-oxazolidin-5-il}metil)-2-tiofenocarboxamida.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: jcdmo modificar los las composiciones conocidas en D2
seleccionando una cantidad particular de agente activo para proporcionar formas de
presentacion farmacéutica alternativas que comprenden 5-cloro-N-({[{(5S5)-2-0x0-3-[4-
(3-oxo-4-morfolinil)fenil}-1,3-oxazolidin-5-il}metil)-2-tiofenocarboxamida en forma
metaestable?.

Ahora bien, D3 ensefa que la fusién por extrusion se puede aplicar para dispersar
las drogas en un matriz hasta el nivel molecular, por ejemplo, para formar una
verdadera solucion. Es la conveniencia de la tecnologia que da una nueva esperanza
para el cristal o el enfoque de solucion sélida como un sistema de entrega de 1os
medicamentos poco solubles. El uso de masas fundidas con el fin de obtener
dispersiones sélidas moleculares o soluciones sélidas, es bien conocido para el
experto y la esencial ventaja de un proceso de fusién en este tipo es no se requiere
de disolventes formacion de estas dispersiones. Teniendo en cuenta que el uso de
disolventes representa varios problemas (contaminacién del medio ambiente, la
explosion de pruebas-y residual disolvente organico), todas las medidas para
contrarrestar estos problemas son deseables. El proceso de extrusion en fusion es
capaz de manejar agentes activos de diferentes tamarios de particulas, asi como
sélidos amorfos u otras formas polimérficas que conduce al mismo producto. Desde
1974, las dispersiones sdlidas de farmacos se describen como: "... un campo
relativamente nuevo de la farmacéutica técnica y sus principios juegan un papel
importante en creciente disolucién, absorcién y eficacia terapéutica de las drogas”
{pag. 111, tecnologia para la liberacién de farmacos)
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Por otra parte, D3 ensefia que el avance de la fusion por extrusion fue logrado
gracias a la disponibilidad de una gran variedad de sistemas de soporte
farmaceéuticamente aprobados. Estos sistemas de transporte incluyen PVP ¢ alguno
de sus copolimeros, poli (etileno-co-acetato de vinilo), polietileno glicol (PEG), éteres
de celulosa y acrilatos. Las propiedades del dxido de polietileno {PEQO) como un
portador de drogas en la extrusion de masa fundida. Entre las diferentes clases de
polimeros biodegradables, los poliésteres termoplasticos alifaticos como la polilactida
(PLA), el poliglicolide (PGA), y el copolimero de lactida y glicolida, polilactida-
coglicolido (PLGA) se han utilizado en la extrusion. Igualmente, el almidén y sus
derivados se han aplicado junto con excipientes de bajo peso molecular tales como
azucares y alcoholes de azucar y ceras. El requisito basico para el uso en funsién
por extrusion es la termoplasticidad de los polimeros o de las formulaciones
respectivas (pag. 112, aplicacién de la fusién por extraccion como tecnologia para la
entrega de farmacos).

En consecuencia, una persona normalmente versada en la materia, teniendo en
cuenta tas ensefnanzas de D2 y D3 se veria motivada a seleccionar las cantidades
del agente activo en su forma cristalina metaestable divulgada previamente en D2, y
utilizaria las tecnicas de fusion por extrusion de D3 para generar una composicion
que produzca los resultados deseados. Por otra parte, no existiendo informacién en
ta solicitud que permita establecer que la cantidad de activo en el rango seleccionado
provea un resultado inusual o inesperado, o que la técnica de fusién por extrusién
provea un efecto inesperado, se considera que las formas de presentacion
farmacéuticas de la presente solicitud carecen de altura inventiva.

En consecuencia, las reivindicaciones 1, 9y 18 junto con sus dependientes carecen
del requisito de inventivo. '

Las reivindicaciones 6, 7, 8 y 10 reclaman procedimientos para la produccion de una
forma de presentacion farmacéutica:

Tabla 2
Caracteristicas esenciales D2 D4

Discute  composiciones | Describe los diferentes
~ Procedimiento de produccién de | solidas en forma de | procedimientos para la

una forma de presentacion | tabletas, pildoras o | preparacion de formas
| farmacéutica caracterizado por: | granulos (parrafo 0367}, la | farmacéuticas
composicion comprende el

compuesto active 5-cloro-
N-({[(5S)-2-0x0-3-[4-(3-
 oxo-4-morfolinilfenil]-1,3-
. oxazolidin-5-iljmetil)-2-

| tiofenocarboxamida
(parrafo 0012)

Preparar una mezcla por Proceso para llenado de
disolucion del principio activo (i) { El compueste de formula | capsulas (pag. 376)
con cargas y aglutinantes. () puede estar en forma

de tabletas y granulos los | Proceso para preparacion
Envasar en forma de saquitos 0 : cuales se forman | de tabletas a partir de

capsulas o. mediante mezcla con | mezclas de polvos. «

excipientes  adecuados | Durante la formacién de

., se prensa preferentemente por | (parrafos 0367 a 0369) comprimidos, el polvo en !
compresion  directa  dando el troquel de la maquina

comprimidos, que finaimente de comprimir se !
1 pueden recubrirse. transforma por la
' influencia de  golpes

inferior y superior (pags. |

387 a 390) |
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Las antericridades D2 y D4 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicacion 1, debido a que el documento D2 discute
composiciones solidas en forma de tabletas, pildoras o granulos {parrafc 0367), la
composicion comprende el compuesto activo 5-cloro-N-{{[(55)-2-0x0-3-[4-(3-0x0-4-
morfolinil}fenil]-1,3-oxazolidin-5-il}metil)-2-tiofenocarboxamida (parrafo 0012), en
donde el cristal amorfo o termodinamicamente estable es obtenido por disolucidon
debido al paso final de mezcla o disolucién del compuesto en el proceso de
preparacion (parrafos 0571 y 0572) io que lleva a la formacion de formas
metaestables o amorfas de acuerdo con las reivindicaciones 40, 45 y 50. Igualmente,
la anterioridad ensefa que el agente activo esta presente entre 0.1 a 85 %, 05 a
90% y de 1 a 85% (parrafo 0367), pudiendo ser la cantidad de activo variable
dependiendo de las circunstancias (parrafos 0370 y 0372)

La diferencia entre la invencidn, definida en la reivindicacion 6, los procesos del
documento D2 consiste en que en la anterioridad no se divulga el listado de
excipientes expuesto en la presente reivindicacion.

Por su parte el documento D4 describe los diferentes procedimientos para la
preparacion de formas farmacéuticas entre los que se encuentran el proceso para
llenado de capsulas (pag. 376) y el proceso para preparaciéon de tabletas a partir de
mezclas de polvos. Durante la formacidn de comprimidos, el polvo en el trogquel de la
maquina de comprimir se transforma por la influencia de golpes inferior y superior, y
dichas tabletas pueden recubrirse (pags. 387 a 390).

Por lo tanto, el problema técnico que se pretende resolver consiste en seleccionar
procesos para la elaboracion de formas farmacéuticas como las divulgadas en D2.

Dado que no hay evidencia de que se haya logrado algun efecto técnico inesperado
por el hecho de mezclar el compuesto (I} con excipientes de carga y aglutinantes
para luego envasarlo en forma de capsulas o formar tabletas, se considera que los
procesos reivindicados son obvios para la persona normalmente conocedora de la
materia.

En consecuencia, una persona normalmente versada en la materia, teniendo en
cuenta las ensefianzas de D2 y D4 se veria motivada a seleccionar entre los
procesos divulgados por D4 algunos para la preparacidon de composiciones que
contengan el agente activo que ensefia D2, en donde dicho proceso no provee un
efecto tecnico inesperado o sorprendente. Por lo cual, las reivindicaciones 6, 7, 8, 10
y 15 a 17 no tienen nivel inventivo.

7. Conclusién

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi

item Documento Reivindicaciones afectadas | Requisito que afecta
D2 US2003153610 1218 Nive! Inventivo
i Eurapean journal of
D3 | . Pnarmaceutios and 1359 11a14y18 Nive! Inventivo

Biopharmaceutics. Vol 54
- Issue 2 (2002}, pp. 107-117
- Shayne Cox Gad. Wiley-
interscience.2008

D4

6,7,8 10y15a 17 Nivel inventivo

8. Respuesta a los argumentos del sefior solicitante

Efsefior solicitante adjunto un nuevo capitulo descriptivo de |a solicitud contenido en
Expediente 08-34001 2do Art 45
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los folios 140 a 160. Al respecto y luego de la revision de dicho documento, esta
Superintendecia encuentra que las modificaciones realizadas no constituyen una
ampliacion de la materia contenida en la solicitud original y por lo tanto el nuevo
capitulo descriptivo es aceptado.

El sefior solicitante afirma que la forma cristalina divulgada en los documentos D1y
D2 se define como “modificacion cristalina I" y por lo tanto, es diferente a la
‘modificacién cristalina termodinamicamente metaestable” y a la “forma amorfa®
abarcadas por las reivindicaciones de la presente solicitud, por lo tanto, la invenciéon
es novedosa con relacion a los documentos D1y D2.

En respuesta a los anteriores argumentos esta Oficina encuentra que las
anterioridades D1 y D2 no afectan la novedad del nuevo capitulo reivindicatorio
allegado por el solicitante. Sin embargo, de acuerdo con el examen de Patentabilidad
realizado la solicitud carece de nivel inventivo, toda vez que las formas de
presentacion farmaceuticas reclamadas y los procesos carecen de efecto técnico
sorprendente o inesperado y se derivan de manera evidente del estado de la técnica.

En cumplimiento del articulo 45 de la Decision 486 de la Comision de [a 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 comunicacién. En caso
de no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta
subsistieran los impedimentos para |la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JESUS FERNEL GARCIA GARCI
Director de Nuevas Creaciones (E)

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

2 UL 2012

Elaboradc por: Emilce Cano U,
Revisado por: Gloria Jacqueline A!fOnscO\’Z&k

Expediente 08-34001 2do Art 45
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Abstract

Starting from the plastic industry, teday melt extrusion has found its place in the array of pharmaceutical manufacturing operations. This
article reviews the process lechnelogy with regard to the set up and specific elements of the extruder as well as its application. Melt extrusion
processes are currently applied in the pharmaceutical field for the manufacture of a variety of dosage forms and formulations such as
granules, pellets. tablets. suppositorics. implants, stenis, transdermal systems and ophthalmic inserts. As a specific arca the manufacture of
solid dispersions, in particular, solid molecular dispersions using the melt extrusion process is reviewed. Mclt extrusion is considered to be an
cfficient technology in this field with particular advantages over solvent processes like co-precipitation. Potential drawbacks like the
influence of hear stress and shear forces on the drug active have been overcome in a number of examples with drugs of different chemical
structure. Examples of suilable excipients and recent findings like self-emulsifying preparations are presented. The article concludes with a
number of published examples of melt extrudates applying the principle of solid motecular dispersions. Improved bioavailability was

achieved again demonsrraring the value of the technology as a drug delivery tool. © 2002 Published by Elsevier Science B.V.

Kewwords: Mell extrusion; Solid dispersion; Solid molecular dispersion; Extruder; Bioavailability: Solubilily

1. Introduction

Industrizl application of the extrusion process dutes back
to the 19305 [1]. One can therefore consider the extrusion
process as being o well eluborated manufacturing technol-
ogy with a plethora of different technical solutions already
available in other fields. Extrusion is a process of converting
a raw material into a product of uniform shape and densiry
by forcing it through die under controlled conditions [2].
Extrusion may be operated as a continuous process, which
affords a consisient product flow ideally at relatively high
throughpurt rates.

An extruder consists of Lwo distinel parls: a conveying
system which transports the material and sometimes imparts
a degree of distributive mixing, and a dic system which
forms the materials into the required shupe, Extuusion may
be broadly classified into molien systems under temperature
control or semisolid viscous systems. In mollen extrusion,
heat is applied to the material in order 10 control its viscos-
ity. to enable it to flow through the die. Semisolid systems
arc multiphase concentrated dispersions containing a high
proporticn of solid mixed with a liquid phase [3].

Solid molecular dispersions of drugs in a matrix fit the

* Soligs Abbaut GmbH and Co, KG Knollswasse 50, D 67061 Ludwig-
shiafen, Germany. Tel. : + 49-621.589-3555: [ax: 1-49-62[-5859-3666.
Lemail address: joerg breitenbuch@abbotcom (J, Breitenbach).

0939-6-413/02/5 - see front mauer © 2002 Published by Elsevier Science B.V.

PII: SU935-6411(02)00061-9

molten systems especially as the fusion method in poly-
meric matrices has been applied w achieve such specilic
distributions of drugs. Generally, solid dispersions of
drugs with poor solubility revealed remarkably higher bioa-
vailability [4.5]. Less drug material may be applied and
potentially a lower degree of variability in bioavailability
are obvious advantages [6]. With the recent advent of high
throughput screening and the growing specificity for given
receptors poorly soluble drugs present 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 10

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

At the same time, extrusion represents an efficient manu-
facturing technology required to disperse drugs in a melt up
1o a true molecular selution of the active agent in the martrix.
It is a striking example of a technoelogy transfer establishing
a new technology life cycle curve.

The most relevant lechnologics for the manufaciure of
solid dispersions are hot spin mixing [9]. embeddings by
means of spray drying [10], co-cvaporation, co-precipitation
[11). freeze-drying {12] and roll-mixing or co-miking
[13,14].

X
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An indication that life cycle management is a key driver
tor the melt extrusion technelogy is the remarkable amount
of publications in the patent literature.

2. Melt extrusion: the process technology
2.1, General remarks

With regard o pharmaceuticals, most systems extruded
today consist of particles dispersed in a matrix. Although
consideralion is given o the manufacture of pure thermo-
plastics, the main emphasis is still on paste extrusions [15].
These differ in the fact thar @ connective marix is present
between solid particles. The relutive position of solid and
liguid can change during the various stages of the extrusion
process. and hence produce effects different from those
ussociated 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 solvent for the drug. Ideally. such
svstems are supposed 1o have a single-phase over a wide
range ol solubility of the drug in the polymeric matrix.

I'he various types of exiruders have a common leature of
forcing the extrudate from a wider cross-section theough the
restriction of the dic. ‘The theoretical approach to understand
the system, is therefore, generally associated with dividing
the process of flow inte four sections:

feeding of the extruder,

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

exit [rom the die and down-stream processing.

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

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

Sometimes as much as 809 of the heat required to melt or
fuse the material is supplied by the heat generated by friction
s the material is sheared between the roiating screws and the
wall ol the barrel. Additional heat may be supplied by electric
or ligquid heaters mounted on the barrel. It is important to
realize that residence time and pressure in the die area
might have a significant impact on the impurity profile of
the product [16].

Most commercial extruders have a modular design,
providing a choice of screws or inmterchangeable sections
which alter the configuration of the feed. transition, and
metering zones, This makes it possible to modify the
process to mect particular requirements, for example, from
u standard to a high shear extrusion. Modified screw designs
allow the exiruder to perform a mixing rele in addition to

cs and Biopharmacentics 34 (2002) 107-117

extrusion, so that the material can be blended into the extru-
date or even dissolved (Fig. 1). The various screw and die
designs available and practical considerations of thermo-
plastic extrusion are reviewed by Whelan and Dunning [17).
The extrusion channel is conventionally divided into
three sections: feed zone, transition zone. and mctering
zone (Fig. 4). The starting material is fed from a hopper
directly into the feed section, which has deeper flights or
flights of greater pitch (Fig 2). This geometry enables the
feed material to fall easily o the screw for conveying
along the barrel. Pitch and helix angle determing the
throughput at constant rotation speed of the screws. The
material is transported as a solid plug to the transition
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
flight depth while maintaining a constant thread pich
[18]. Both methods result in increased pressure as the mate-
rial moves along the barrel. The melt moves by circulstion
in a helical path by means of transverse flow, drag flow.
ressure flow, and leakage; the latter two mechanisms
reverse the flow of material along the barrel, The space
between screw diameter and width ot the barrel is rormally
in the range of 0.1-0.2 mm,

The material reaches the melering zone in the form of a
homogeneous plastic melt suilable [or extrusion. For an
extrudate of uniform thickness, flow must be consistent and
without stagnant zones right up to the die entrance, The func-
tion of the metering zone is to reduce pulsating flow and
ensure a uniform delivery rate through the die cavity,

The twin-screw extruder has two agitator assemblies
mounted on parallel shafts (Fig. 3). These shafts are driven
hrough a splitterfreducer gearbox and rotate together with
he same direction of rotation (co-rotating) or in the opposite
sense and are often fully intermeshing. In such case. each
hpitator element wipes both the surface of the corresponding
blement on the adjacent shafl, and the internal surfaces of
he mixing chamber. The agitators are said to be self-
wiping, an arrangement that eliminates stagnation areas
within the mixing chamber and cnsures a narrow and
well-defined residence time distribution. If the agitators
are chosen not 1 intermesh, the arrangement comes close

fo a single-screw set up. In general, co-rotating shafts have
better mixing capabilitics as the surfaces of the screws move
owards each other. This leads to a sharp change in mass
ilow between the screw surfaces [19]. As the screws rotate,
e flight of one screw element wipes the flank of the adja-
ent screw, causing material to transfer from one screw to
the other. In this manner the material is transporied along
the extruder barrel.

The twin-screw extruder is characterized by the following
descriptive features:

T

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. 1. Serew and kneading elements.

Self wiping screw profile: The self wiping screw profile
L. the flight of one screw wipes the root of the serew on
the shaft next to it, ensures near complete emptying of the
equipment and minimises product wastage on shutdown.
Minimum inventory: Continnous operation of the equip-
ment coupled with the low volume of the mixing chamber
load 1o reduced inventories of work in progress. This is
important when processing valuable or potentially hazar-
dous materials.

Versarilirv: Operaiing parameters can be changed easily

Polymer, Excipient, Drug
{Feeder system)

—

Monitaring
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. -Shaping
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Fig. 3. Schematic presentation of a twin-screw extruder set-up.

and continuously to change extrusion rate or mixing
action. The segmented screw elements allow agitator
designs 1o be casily optimized 1o suit a particular applica-
tion. Die plates can also be easily exchanged to alter the
cxtrudate diameter and hence the spheroid diameter, This
allows processing of many different formulations on a
single machine, leading to good equipment utilization.
Polymers with a wide range of viscoelastic and melt visc-
osities 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 16-18 mm and a length of four 10 ten times

lejawelp
ooy

4
g
20
55
wo
A
¢ Channel depth
v...X

&

Direction of mass flow

Axial - F_E.\ kY

channel | % _w,

width A, \-\6\0\3\‘3‘
per®e
"
WO

Fig. 2. Extrusion screw geometry,
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the diameter. A typical throughput for such type of equip-
ment is (,L.5-3 kg/h,

As the residence time in the extruder is rather short and
the tcmperature of all the barrels are independent and can be
accurately controlled from low temperatures (30°C) to high
wemperatures (230°C) degradation by hear can be mini-
mized. lo additon oxygen and moisture may be excluded
akmost completely — an advantage for components sensitive
towards oxidation and hydrolysis.

Extrusion processing requires close monitoring and
understanding of the various paramcters: viscosity, varia-
tion of viscosity with shear rate and temperatwre. elasticity,
extensional flow, and slippage of the material over hot metal
surfaces. Today extruders allow in process monitoring and
control of parameters, such as the temperawure in the extru-
der, bead and die as well as pressures in extruder and die
{Iig. 4) [20].

In particular. the molecular weight of polymeric matrices,
their respective glass transition temperature and the sensi-
tivity of the matrix or the drug towards heat and shear force
creare a basic set of data that qualify materials for the extru-
sion process, Additionally, miscibility can experimentally
be determined with differential scanning calorimetry (DSC)
and hot stage microscopy (HSM). In order to determine the
miscibility of drug and excipient to predict if glass solutions
are likely 1o form when drug and excipient are melt
extruded. estimarion of drug/excipient miscibility has been
investigated. Melt extrusion of miscible components
resulled in solid solution formation, whereas extrusion of
‘immiscible’ component led to amorphous drug
dispersed in crystalline excipient. In conclusion, combining
caleulation of solubility parameters with thermal analysis of
drug/excipient miscibility has been successfully applied o
predict formation of glass solutions with meblt extrusion
(21}, The challenge 1o determine the solubility of a drug
in a pelymeric matrix still needs w0 be addressed more
adequately. A screening system based on a dimeric moicty

dall
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of polyvinylpyrrolidone {PVP) has been presented which is
capable of comparing the solubility in the liquid o that in
the solid, in this case the polymer [22].

2.2. Industrial applications

2.2.1. General

Exurusion technology is extensively applicd in the plastic
and rubber industries, where it is onc of the most important
fabrication processes. Examples of products made from
exmruded polymers inciude pipes, hoses. insulated wires
and cables, plastic and rubber sheeting, and polystyrene
tiles. Plastics that are commonly processed by extrusion
include acrylics (polymethacrylates. polyacrylates) and
copolymers of acronitrile, cellulosics (cellulose acertate.
propionate, and acetate butyrate), polyethylene (low and
high density). polypropylene. polystyrene, vinyl plastics.
polycarbonates, and nylons.

The process often s referred Lo as profile or line extrusion
in which the shape of the extrudate like a tube is determined
by the die. The extruded profile proceeds horizontally to the
cutoff equipment, which controls its length, Profiles may be
further processed. for example, as in film extrusion, blow
molding, or injection molding {23].

In film extrusion, the polymer melt is exuwruded through a
long slit die onto highly polished cooled 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 film is produced by the mell. usually verti-
cally, through an annular-shaped slit die. The extruded wbe
is inflated by air to form a large cvlinder. Blow maolding
cfers to a process where the plastic is heated to a melted or
viscous sfate and a section of molien polymer tubing is
extruded usvally downward from the die head into an
open mold, The mold is closed around it. sealing it at one
end. Compressed air is blown into the open end of the wbe.
expanding the viscous plastic to the walls of the cavity, thus

Screen pack,
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Fig. 4. Component parts of a single-screw extruder,
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forming the desired shape of the container. During injection
molding the molten plastic is not extruded but rather
injected into a cavity mold at high pressure. The material
cools in Lhe cavity and solidifies. The mold is then opened
and the article is removed.

fnjection meolding, has been used to manufacture tablets
[24] and sustained release preparations (25]. 1o terms of
feasibility, fast drug release. and economics, injection mold-
ing was considered suitable for drug solid dispersion or
solution manufacture [26]. Injection molding has been
exploited tor its potential to manufacture sophisticated bi-
layer tubular systems tor customized release profiles (27].

In the food industry extrusion has been ulilized since
1930s for pasta production. A widely used versatile techni-
que combines cooking and extrusion in a so-called exirusion
cooker [28].

In the animal feed industry. cxtrusion is most commonly
applied as a means of producing pelletized feeds [29]. The
manufacture of implants by extrusion or injection molding
is another tield of application in the veterinary field.

The need to formulate drugs with poor solubility is nat
only limited to the pharmaceutical field. Fas: dispersing
PVP el extrudates of poorly soluble active agents as
molecuiar dispersions are marketled in the crop protection
lield {30).

2.2.2. Applicarion in the pharmaceutical industry

The most important application of extrusion in the phar-
maceutical industry is in the preparation of granules or
pellets of uniform size. shape, and densily, containing one
or more drugs [31]. The process involves a preliminary
stage in which dry powders. drug. and excipients are
mixed by conventional blenders, followed by addition of a
liguid phase and further mixing to ensure homogeneous
distribution. The wet powder mass is exlruded through
cylindrical dies or perforated screens wilh circular holes,
of typically 0.5-2.0 mm diameter. to form cylindrical exuru-
dates |32]. In the Jarge-scale manufacture of suppositorics
und pessaries extrusion rather refers to forcing the material
through o capillury dic {33.34].

Meli exuusion for the manufacture of pellets {35] had
revealed the potential for controlled release of polymer-
embedded drugs and limitations. Pioneering work in the
lield employing the melt extrusion process as a manufactur-
ing lon! was performed by Doelker [36]. Typically, a co-
rolaiing twin-screw configuralion is used in most of the
published studies. The equipment for the manufacture of
solid dispersions has been described more preciscly by
Nakamichi [37,38].

The second core element of the integrated technological
svstem is the device to shape on-line the thermoplastic
strand leaving the extruder (39(:

(1) Calendering, in which the molten strand is forced
belween two cajender rollers. thus producing films. flakes
or sheets which may already contain single tablet cores.

(b) Pellet-forming, which may. for example, be a rotating
knife cutting spaghetti-like extruded strands.

2.2.3. Regulatorv aspecis

Oral pharmaceutical products from the melt exirusion
process have been approved in the USA, European and
Asian countries. The process technology lends itself to
comprehensive documentation, thus sausfying regulatory
authorities. ILis a major advantage that extrusion is a malure
enginecring technology. As a process it provides many para-
meters, such us feeding rate, segmental temperatures and
pressure or applicd vacuum, which can be monitored on-
line with local meters and sensors, Such data contribute to
the comprehensive documentation and the qualiry of
production lots and may finally simplify quality control.

3. The drug delivery technology
3.1 Introduction

Melt extrusion may be applied to disperse drugs in a
given matrix down to the molecular level. c.g. to form a
true solution. It is the convenience of the technology that
gives new hope to the glass or solid solution approach as a
delivery system for poorly soluble drugs. The use of melts in
order to obtain solid melecutar dispersions. e.g. glass or
solid solutions, is well known to the expert and the essential
advantage of a melt process in this domain is ils solvent-free
formation of such dispersions [40], Since with solvent
processes there arc various problems relating o their use
(environmental pollution, explosion-proofing and residual
organic solvent) and measures to counteract these problems
are desirable [41]. '

The melt extrusion process is capable of handling active
agents of different particle sizes as well as amorphous solids
or other polymorphic forms leading to the same product.
Basically, solid dispersion systems can be divided into six
different categories (Fig. 5) [42].

Sekiguchi and Obi were first to report the melling or
fusion method [43]. In 1974 solid dispersions of drugs
were described as: "o, a relatively new field of pharmaccu-
tical technique and its principles play an important role in
increasing dissolution, absorption and therapeutic efficacy
of drugs” [44].

When we look at the market of pharmaceutical products
today solid dispersion systems, in particutar, solid molecu-
lar dispersions arc still found to be npeglected. Only a few
ever made it to the market including a griseofulvin—poly-
ethyleneglycol-dispersion  (Gris-PEG®  marketed by
Wander), Cesamet® a nabilone-PVP {polyvinyl pyrroli-
done) preparation (marketed by Lilly) [45] us well as a
formulation of troglitazone {Rezulin®) marketed by Parke-
Davis which had 1o be withdrawn from marker for toxicol-
ogy related issues of the drug. Several implants containing

1A
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Solid Dispersions
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Fig. 5. Categories of sdlid dispersions,

LHRH agonists for parenteral use have become commer-
cially available, such as goscrelin (Zoladex®) or buserclin
(Depot-Profuct ™y embeddings in poly(lactide-co-glycolide)
{PLGA) |46].

The troglizazone formulation in PVP was actually manu-
factured by melt extrusion [47]. Melt extrusion technology
has proven to be a suitable method for the production of
controlled release reservoir systems consisting of polyethy-
lene vinylacetate {EVA} co-polymers. Based on this tech-
nology. two controtled release systems Imp]anon® and
NuvaRing *: have been developed [48).

Problems limiting the cominercial application of solid
dispersions involve mainly the method of preparation. repro-
ducibility of physicochemical properties, formulation into
dosage forms, the scale up of manufacturing processes, and
the physical and chemical stability of drug and vehicie [49].

A maiter of uncertainty rarely addressed is the analytical
differentiation of amorphous embeddings in crystalline
carriers compared to a true solid solution, where the drug
15 molecularty dispersed in the carrier. The same holds true
for the amarpheus embedding in a glassy carrier compared
Lo a glass solution. The term solid molecular dispersion
dilferentiates {rom amworphous embeddings [50]. Solid
molecubar dispersion summarizes solid and glass solution
irrespective of the nature, ¢.g. the molecular weight, of the
solvent or solute,

Two major factors that stabilize solid molecular disper-
sions are intermolecular inteructions {51-33] between the
drug and the carrier and the viscosity of the carder [54].
Glass transition temperature has long been seen as the
predominant factor governing the physical stability of
solid dispersions. However, this concepl only holds for
true solid molecular dispersions above their sawration
limil. Within solid amarphous dispersions, the mobility of
the active molecube is already given in the amorphous phase
of the active itself possibly lcading to recrystallization
processes [35]. In the meantime investigations have shown
that direct linear correlations between glass transition
temperature and  recrystallizatton  tendency  are rarcly
given. The solubilizing and stabilizing effects of the carrier
systems” intermolecular interactions are often of far greater
imparrance for physicochemical stability [36-39].

The mechanisms of drug release from solid dispersions in
waler-soluble polymers has been reviewed recently [60].
Because of surface activity of caurriers used, complete disso-
ation of drug from melt extruded solid dispersions can be
bbtained without the need for further pulverization. sieving
and mixing with excipients [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 field of melt extrusion as
the molecular weight and other characteristics of a poly-
meric carrier such as erystallinity and hydrogen bonding,
vice versa pre-determine the manufacturing conditions in
the extrusion proccss.

£.2. Application of melt extrusion as drug delivery
echmology

The breakthrough was achieved by the availability of a
great variety of pharmaceutically approved carrier systems
63]. Such carrier systems include PVP [64] or its co-poly-
fiers [65]. poly(ethylene-co-vinylacetate) [66], polyethy-
lene glycol (PEG) [67]. cellulose-ethers [68]. and
ﬁc:y]ates {69]. The properties of polyethylene oxide
PEO)} as a drug carrier in melt extrusion with the aim to
gbtain chlorpheniramine malcate matrix tablets was exam-
wed by McGinity [70]. Amongst the different classes of
iodegradable polymers, the thermoplastic aliphatic poly(e-
sters) like poly(lactide) (PLA)Y, poly(glycolide) (PGA), and
the copolymer of lactide and glycolide, poly(lactide-co-
dlycolide) {(PLGA) have been used in extrusion. Starch
and starch derivatives have been applied along with [71]
1bw molecular weight excipients like sugars and sugar alco-
Hols and waxes [72]. The basic prerequisite for the use in
melt extrusion is the thermoplasticity of the polymers or that
df the respective formulations.
Long residence time and high glass transition temperzature
(i) resulting in high process temperatures have often been
deseribed us potential drawbacks of the melt extrusion
rocess. The comparison of the influcnce of two different
iJ'nplant manufacturing techniques, extrusion and injection
olding, on the in vitro degradation of the polymeric matrix
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ot polylactic acid (PLA) was studied. Both kinds of implants
were loaded with a somatostatin analogue, It was shown that
both molecular weight and polydispersity decreased after
extrusion or injection molding. This decrcase was more
pronounced with the latter technigue possibly due to an
mereased residence time [73]. Repka et al showed that a
thermally labile drug, hydrocortisone, could be successfully
incorporated  inio  hvdroxypropylcellulose (HPC) films
produced by melt extrusion |74].

Apart from distinet dosage forms or tailored release
profiles melt extrusion offers the chance to circumvent the
problem of polymorphic forms with different solubilities.
the possibility to start from different particle sizes and a
possible reduction of tablet size. Examples have shown
that more Tavorable polymorphic forms may be stabilized
un incorporation inlo PVP [75.76]. Melt cxirusion with
pharmaceutical actives having a low meliing point has
also been described. Under such conditions the extrusion
process may serve as an agglomeration step [77]. An exam-
ple for a change in morphology. continuously introduced in
the newelt extrusion process, applied to alter the release char-
acteristics has been presented by Gurny et al. [78]. [n order
to infiuence the release of an extrudate a 200 wm thick layer
on the exoudate surface was introduced while extruding,

In addition. implants [79,80], stents [81], oral dosage
forms [82]), bioadhesive ophthalmic inserts [83], lopical
films [84]. and effervescent tablets {85] have been devel-
oped using the melt extrusion process,

3.3, Selid dispersions with meli extrusion rechnology

Melt extrusion is a significant step forward to cover the
technology related issues and makes the solid molecular
dispersion approach a viuble option. The viability of melt
extrusion technology for the production of thin. flexible.
acrylic films for topical drug delivery has been investigated
hy Aitken-Nichol et al. {[86]). Lidocaine HC] was able to
plasticize the acrylic polymer and the drug was completely
dispersed at the molecular kevel in the exiruded films. Solu-
bilized drug molecules were shown o phasticize the polymer
by increasing the average polvmer chain spacing {86].

A contraceptive vaginal ring containing etonogestrel and
cthinyl estrudiol has been preparced by melt extrusion, Coax-
tul fibers have been produced with varying steroid concen-
trations in the polymer and the release has been studied. The
powder mixtures were blended in a twin-screw extruder.
The polymer melted and the steroids completely dissolved
in the polymer, After leaving the extruder, the strands were
cooled to room temperature and granulated using 2 strand
granulator. For the preparation of the coaxial fibers, a co-
extyusion installation was used. The installation consisted of
two single-screw extruders thal are connected to a spinning
block. The two extruders were used to melt the core and
membrane polymer at temperatures above 110°C. The
molten polymers were delivered o two gear pumps,
which assure an accurate flow of both polynmers to the spin-

neret. Subsequently, the membrane and core polymers were
combined in a spinneret, thereby forming the coaxial fiber
[871.

A {loating sustained release dosage form composed of
nicardipine hydrochloride and hydroxypropylmethyleetlu-
losc acetate succinate was prepared using a twin-screw
extruder. By adjusting the position of the high-pressure
screw elements 1n the immediate vicinity of the die outlet,
and by controlling the barrel temperature, a puffed dosage
torm with very small and unitorm pores were oblained. It
was shown that the puffed dosage form, consisting of enteric
pelymer prepared using the twin-screw extrudey, was very
useful as a floating dosage form that was retained for a long
period in the stomach [88].

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

Underlining the economic importance of the melt extru-
sion process Ghebre-Sellassie[90Y] examined the use of
different polymers revealing that hydroxypropyl cellulose
may be a belter waler-soluble polymer compared lo 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. Extrusien as a way of manufacture is mentioned and a
variety of examples using meli processes are given|90).

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

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

17-Estradiol hemihydrate as a poorly water-soluble drug
was improved with respect to its solubility and dissolution
rate by melt exuusion. Different compositions of excipients
such as PEG 6000, PVP or a vinylpyrrolidone—vinylacetate-
copolymer were used as polymers and Sucroester WE 15 or
Gelucire® 44/14 as additives. The solid dispersions resultecl
in a significant increase in dissolution rate when compared
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to the pure drug or to the physical mixtures. A 30-fold
increase in dissolution rate was obtained for a formulation
containing 10% 17-Estradiol, 50% PVP and 40% Gelucire
44714, The solid dispersions were then processed int
tablets. The improvement in the dissolution behavior wak
also maintained with the tablets [93].
Amorphous  polysdaccharide mairices  determining  the
release rate of melt extruded dispersions have been examr
ined by Rein et al. |94]. Carbohydrate based glassy matrice
which are stable in the glassy state at ambient temperature
may be prepared by the use of aqucous plasticizers witl
mell extrusion. Such glassy matrices are useful for the
cncapsulation of drugs and flavoring agents (93],
Foster et al. mel: extruded indomethacin, lacidipine and
olbutamide with PVP. Indomethacin samples remained
amurphous on storage as demonstrated by Xeray powder
diffruction (XRPD) and temperature modulazed differential
scanning catorimetry {TMDSC). For lacidipine and tolbuta-
mide low crystallinity levels were detected which, at esti-
mated 7% crystallinity, decreased the dissolution rae
significantly. The presence of significant hydrogen bondingl
(as indicated by the deviation of the experimental from the
theoretical glass 7, values) may decrease uptake of moisture
and restrict plasticization of the matrix. However, lacidipine
recrystallized cven when 7, was well above the storage
wemperature [96].
Along with literature describing the in vitro performance
of solid dispersions @ number of melr extruded solid disper-
sions have been examined in humans.
The antiretroviral ugent loviride has been melt extruded
to o solid moleculur dispersion in HPMC and showed
remarkably lower food-eftect compared to capsules [97].
Further. the extrusion process has been applied in order to
combine a sparingly water-soluble drug compound, a cyclo-
dextrin. and a physiologically tolerable water-soluble
organic polymer [98].
Antifungal compositions of ilraconacole were prepared as
solid dispersions from the melt extrusion process. In a
limited aumber of volunteers the melt cxtruded tablet
gave an arca under the curve (AUC) of itraconazole in the
fasred 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 lysinate salt of ibuprofen in healthy volunteers. Bio-
equivalence was demonstrated with the relevant parameters
AUC and €, Also. the ry,, as a measure for onset proved
10 he equivalent with (1.5 h for test and reference [100).

4. Conclusions and outlook

Melt extrusion technology today represcnts an cfficient
pathway for the manufacture of drug delivery systems,
Resulting products are mainly found umongst semi-solid
and solid preparations. The potential of the technology is
reflected in the wide scope of different dosage forms cover-

ing oral, parenteral and topical applications. In addition, the
physical state of the drug in the melt extruded formulations
reaches from simple crystalline embeddings, mainly in the
ficld of sustained rclease applications. lo amorphous or
molecularly dissolved stages, Compared to solvent
processes aiming at solid molecular dispersions melt extru-
sion offers a promising altcrmative. The possible use of a
broad selection of excipients from high molecular weight
polymers to low molecular weight additives like sugar alco-
hols, waxes or surfactants opens a field of numerous combi-
nations for formulation research.

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

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

Unlike other delivery systems, most of which consist of a
random dispersion of a drug in a matrix, cxtrusion 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 to be seen whether the intense inter-
action in the meit can be used to form complexes with rather
sensilive molecules like peptides and proteins in order Lo
stabilize such structures.

Relerences

[1] Ch. Rauwendaal. Polymer Extrusion, Hanser Publishers. Miinchen,
Wien, New York, NY. 1986 pp. 20-55.

[2] A. Echie. Handbuch der Technischen Polymerchemie, VCH
Verlagsgemeinschafi, Weinheim, 1993 pp. 74-33.

[3] 4. Tadmor. 1. Klein, Engineering Principles of Plasticating Extru-
sien, Van Noostrand Reinhold, New York, NY, 1970 pp. 152-13%,

[4] C. Leuner, J. Dressman, Improving drug solubility for aval delivery
using solid dispersions, Eur. J, Pharm. Biopharm. 50 (2000) 47-60.

{5} LL. Ford, The current status of solid dispersions. Pharm. Acta Helv.
61 (1986) 69-88,

[6] M.K. Vadnere, Coprecipitaes and melts, in: J. Swarhrick. J.C
Boylan (Eds.). Encylopedia af Pharmaceutical Technology. Marcel
Dekker, New Yok, NY., 1990, pp. 337-352,

£71 8. Yee, In vitro permeabitily across Caco-2 cells {colenic) can
predict in vivo (smail jntestinal) absorption in man - fact or myih,
Pharm. Res. 14 (1997) 763-766.

[8] H. van De Waterbeemd, D.A. Smith. ¥. Beaumont. D.K. Walker,




A Breitenbach / Ewvopean fowmal of Phannacensics and Biopharmacensics 54 (2002) 107-117 115

Property-based design: optimization of drug absorption and pharma-

cokineties. J. Med, Chem, 44 (2001) 1313-1333,

M. Diugen. S. Fricke. H. Gerecke. H. Osterwald. Hol $pin mixing: a

new technology e manufacture solid dispersions, Pharmazie 50

11995) 225 226.

A0 -Y, Jung, S0 Yoo, S Lee, Ko-H. Kim. D.-5. Yoon, K.-11. Lee,

Enhanced solubility and dissclution rare of itraconazole by a solid

dispersion technigue, nt, J, Pharm, 187 (199%) 209-218.

H. Sckikawa, T. Arita. M. Nakano. Dissoluion behaviors and

gastrointestind absorption of phenyioin in pheayoin-polyvinylpyr-

rolidine coprecipitate. Chem. Pharm. Bull, 26 (1978) 118-126.

H, Sckikawa, W, Fukyda. M. Tukada, K. Ohtani, T Arita, M.

Nukane. Dissolution behavior and gastrointestinal absorption of

dicumarol from solid dispersion systems of dicumaral-polyvinylpyr.

rolidine andl dicumarol-beta-cyclodextrin, Chem. Pharm. Bull. 31

(19833 £3530-1356,

{13 Y, Nogwa. T Mazumoto, F, Hizshide, Roll-mixing of formulations,

Pharm, Acta Helv, 6H{1985) 175-177.

Y. Nozawa, T. Mizumoto. ¥. Higashide. Iimproving dissolution rate

of practically insoluble drug kitasamycin by [orcibly roll mixing

with additives, Pharm. Ind. 8 (1956) 967-969.

{151 SL. Rough, I, Bridgwater. D.I. Wilson. Effcets of liquid phase
migration on extrusion of microcrystalline cellulose pasies, Int. J.
Pharm. 204 (2000) 117126,

(1687 J.P. Puaux. G. Bozga, A. Ainser, Residence lime distribution in a
corotating twin-screw extruder, Chem, Eng. Sei. 55 (2000) 1641-
1651,

[17] T. Whelan, D. Dunning {Eds.). The Dynisco Extrusion Processors

Handbook Ist ed.. London School of Polymer Technology. Poly-

technic of North Londan, London, 1988,

P.S. Johwson, Developmenis in Extrusion Science and Technology,

Polvsar technical publication No, 72, Polysay Limited, South Samia.

Onario, 1982,

M.H. Pahl. Dynamische Mischer fir hochviskose Flissizkeiten,

Mischen von Kunststotfen, VDI.Verlag, Dissseldorf, 1983 p. LR6.

120] R.D. Shah, M. Xabadi, I).G. Pope. L.L. Augsburger. Physicomecha-
nical characierication ol (he extrusion-spheronization process.
Phar, Res, 11 (1994) 355-360.

21] A. Forster, J. Hempenstall. T Tucker, T. Rades, Selection of exci-
pients for melt extrusion with lwo poorly waler-snluble drugs by
solubility purameter caleulation and thermal analysis, Int. 1.
Paarm 2260 {2001) 147161,

221 1. Neumann, 1. Breitenbach, W, Schuiof, Confocal Raman spectro-

scopy: analytical approach o solid dispersions and mapping of

drugs, Pharm. Res, 16 (1999) 1109-1113,

. Schett, Polymer science, in: A, Martin, J. Swarbrick, A. Cammar-

ata (Eds.). Physical Pharmacy - Physical Chemical Principles in the

Pharmaccutical Sciences, dd ed.. Lea and [Febiger, Philadelphiz,

PA. 1983, pp. 131152 chap, 22,

{241 G. Cuff. F. Raouf. A preliminary evaluation of injection molding as a
echnology to produce tablets, Pharm. Techuool, 6 (1998) 96106,

:25] R. Houwenrauch. SpritzgieBverfahren zur Herstellung  peroraler
Returdpriiparate. Pharmazie 29 11974) 297-302.

] S. Wacker, M. Seliva, P. Speiser, Injection molding as a suilable
process for manutaciuring selid drug dispersion or solutions, 1.
Pharm. Sct 60 (1971} 1281-1300.

[27] D, Bar-Shalom. Conwvolled ielease  composition, Eur. Patent.
0.406.315. [988.

£25] A. Senouct, A, Smith. P, Richmand, Extrusion cooking, Chem. Eng,.
H17 (1985) 3033,

{29] E. Sebestven. Flour and animal feed milling, 10 11974) 24-25.

130] DI, Wedlack, G. DeLind van Wijngaarden, Fast dispersing solid
PVP-containing crop pretection fornmulation and process therefore.
US Parent, 5,665,369, 1u92,

P31 C, Vervaet, L. Baenn. 1.P. Remwon. Extrusion-spheronisation - a
literature review. Int. J. Pharm. 16 (1995) 13(-146.

[32] K.H. Bauer, K.-H. Frémemimg, C. Fihrer, Pharmazeutische Techno-

v

B

112

K

718

=

59

123

logie. 4. Aufi, Georg Thicme Verlag., Stuttgart. 1993 pp. 292-

297,

J. Anschel. H.A. Lisberman, Suppositories. in: L. Lachman. H.A.

Lieberman, J.L. Kanig (Eds.). The Theory and Practice of ndustrial

Pharmacy, 2Znd ¢d., Lea and Febiger, Philadelphia, 1976, pp. 234-

245 (chap. 8).

[34]) I.W. Hadgraft. Reclal administration, in: E.A. Rawlins (Ed.),
Beniley's Texibook of Pharmaccutics. Sth cd., Bailligre Tindall.
London, 1977, p. 134 Chapier 25.

{353] N. Follonier. E. Doelker. E.T. Cole. Evaluation of het-mell-exiiu-
sion a8 new technique for the praduction of polymer based pellets for
sustained release capsules containing high loadings of freely soluble
drugs, Drug Dev. Ind. Pharm. 20 (1994) 1323-1334.

[36] M. Doclker. M. Adel El-Egakey, M. Soliva. P. Speiser, Hot extruded
dosage forms, Pharm.Acta Helv, 46 (1971) 31-52.

[37} K. Nakamichi, H. Yasuura, 1. Shougo, Method of manufacturing
solid dispersion, Eur. Patent 0,580,860, 1991.

[38] K. Nakamichi, H. Yusuura, H. Kukui, M. Oka, 8. Tzumi. T. Anduu.
N. Shimizu, K. Ushimaru. New preparation method of solid disper-
sion by twin srew extruder, Pharm. Tech. Jpn. 12 (1996) 715-729.

[39] 1. Breitenbach, Feste Lésungen durch Schmelzextrusion - ein integ-
rieries Herstellkonzept. Pharm. unserer Zeir 29 (2000) 1-5.

[40] C. Lefebvre, M. Brazier. H, Robert, A M. Guyoi-Hermann, Solid
dispersions why and how? Industrial aspect, STP Pharma 4 (1985)
300-322.

[411 K. Nakamichi, H. Yasuura. H. Fukui, M. Oka, §. Izum, T. Andou.
M. Shimizu, K. Ushimaru, A process for the manufacture of nifedi-
pine hydroxypropyl-methyleellulose phthalate solid dispersions by
means of a twin-screw extruder and appraisal thereof, Yakuzaigakn
56 {1996) 15-22.

[42] W.L. Chiou, S, Riegelman, Pharmaceutical applications of solid
dispersion systems. J. Pharm. Sci. 60 (1971} 1281-1302.

[43] K. Sekiguchi, N, Obi, Studies on absorption of entectic mixtures.

Chem. Pharm. Bull. 9 (1961) 866-872.

B.R. Hajratwala, Dissolution of solid dispersion systems. Aust. J.

Pharm. Sci. 4 {1974} 101-1095.

{43] D.W. Bloch, P.P. Speiser. Solid dispersians - fundamentals and
exampies. Pharm., Acta Helv. 62 (1987) 23-27.

[46] T, Kissel, Y. Li. F. Unger. ABA-triblock copolvmers from biode-
gradable polyester A-blocks and hydrophilic poly(ethylene oxide)
B-blocks as a candidate for in sitw forming hvdrogel delivery
systems for proteins, Adv. Drug Del. Rev. 54 (20021 99-)34.

147] I. Hempensiall. Latest developmens in tabiet and capsule formula-
tion, European Comtinuing Education College, Masier Classes in
Solid Dosage Forms, London. 1997, pp. 1-14

[48} J.A.H. van Laarhoven. H, Vromans, Influence of supersatwralion on
the release properties of o controlled release devive bused on EVA
co-polymers, Abstract Book, Tth European Symposium on
Controlled Drug Delivery, Noordwijk aan Zee, Netherlands, 2002
pp- 133-135.

[49) A.T. Serajuddin. Solid dispersinn of pooily water-soluble drugs:
early promises problems subsequent and recent breakthroughs. I
Pharm., Sci. 88 (1999) [058-1066.

{50] T. Matsumoto, G. Zografi, Physical properties of solid molecutar
dispersions of indomerthacin with polytvinylpyrrolidone) and poly
(vinylpyrrolidone-co-vinyl-acetate} in relation to indomethacin crys-
tallization, Pharm. Res. 16 (1999) 1722-1728,

[51} C. Dohesty, P.J. York. Evidence for solid- and liquid-state interac-
tions in a furosemide—poelyvinylpyrrolidone solid dispersion, Pharm.
Sci, 76 (1987 731=737.

[52) L.S. Taytor. G. Zografi. Spectroscopy charactetization of interac-
tions between PVP and indomethacin in amorphous molecular
dispersions, Pharm. Res. 14 {1997) 1691-1698.

[53] T. Matsumoto, G. Zografi. Physical properties of solid melecular
dispersions of indomethacin with poly(vinylpyvrrolidone) and poly
(vinylpymrolidone-co-vinyl-ncetale) in relation 1o indomethacin crys-
tellization. Pharm. Res. 16 (1999} 1722-1728.

[33

(44



116

[54]

158]

139]

10U

‘ol]

6H2]

03]

0]

[651

(66]

167}

[H8]

[69]

74)

J. Breirenbach / Enropean Joumad of Phannaceurics and Biopharmaceutics 54 (2002) 107-117

1. Breitenbach, Twy concepts, vne teelnelogy: controlled releast
and solid dispersion with Melirex™. in: 1. Ghebre-Selassie (Ed.],
Moditied Release Drug Delivery Technology, Marcel Dekker.
New Yark, NY. 2002 (in press).
B.C. Huancok, 5.1.. Shamblin, G, Zograf, Molecular mobility o
amorphous  phanmaceutical solids below their glass transitios
temperatures. Pharm. Res. 12 (1995) 799-806.
E. Fukuoka, Glassy state of pharmaccuticals, Chem. Pharm. Bull. 37
(19897 1171050,
M.C. Euter, Hydrogen bond direcled CO-crysiallization and molecu
lar recopmtion properties of diaryiureas, J. Am. Chem. Soc¢, 112
{190y 8415 §426.
T. Hamaura, 2M. Newton, Interaction between water and poly(vi-
nylpyrrelidone) contaming pelyethylene giycal, J. Pharnt. Sci. 8§
(1999 1228-1233,
L.S. Taylor. G. Zografi. Sugar—polymer hydrogen bond interactions
in lyophilized amarphous mixtures, J. Phiun, Sci. 87 (1998) 1615
1621,
12.0.M. Craig. The mechanisms of drug release from solid disper-
sions in water-soluble poiymers, int. J. Pharm. 231 (2002) 1314
idd.
G Berndl, J. Breirenbach. J. Neumann, L. Reinhold, J. Rosenberg.
C. Vollgrat, I, Zewdler, Polymer/drug-melt extrusion: contral of drug
release and morpholegy w pharmacemicat formulations. American
Association  of  Pharmacennical  Scientists,  Annual  Meeting
Abstracts, San Francisco, 1998, p. 296
H. Yuasa. T. Ozeki. Y. Kanaya, K, Oishi. Application of the solid
dispersion methed te the comrolled release of medicine. Chem.
Pharm, Buil, 41 (1993} 933-936.
H. Yuasa, T. Ozeki. Y. Kanaya, K. Qishi. Application of the solid
dispersion methed 1o the controlled release of medicing. Chem,
Phaurm. Bull. 41 {1993) 933-936,
V lanbshaiyakul, N. Kaewnopparat. 8. Tngkatawomwony, Proper-
ties of solid dispersions of piroxicam in polyvinylpyrrolidone, Int. J.
Pharm. 183 {1999) 143-[5].
G. Zingone, M. Moneghini. P. Rupena, D. Vojnovic. Characteriza-
tion and disselution study of solid dispersions ol theophylline and
indomethacin with PYP/VA copolymers. STP Pharm. Sci. 2 (1992)
186~192.
N, Follomer, E. Doelker. E.'T. Cole. Various ways of modulating the
release of diltinzem hydrochloride from hot-melt extruded sustained
release pellets prepared using polymeric marteriais, J. Comrolled
Release 36 11995) 243-250),
B. Perissurt:, J, Newton, M, John. F, Podezeck, F. Rubessa. Prepara-
non of extruded carbumagepine and PEG 4000 as 4 potential rapid
release dosige form, Eur, J. Pharos Biopharm. 33 (2002) 125-132.
K. ¥ano, A Kajiyama, M. Hamada, K. Yamamoto, Constitution of
collvidal particles formed trom a solid dispersion system. Chem.
Pharm. Bull. 43 {19971 1339-1344.
Ao Aabd, A ERBmy. AS. Geneidi. 8.Y. Amin, AA. El-Ainan,
Prepararien and pharmacoekinetic cvaluation of carbamazepine
cuntrolled relewse solid dispersion granules. J. Drug Res. Egypl 22
(1998 1531,
¥ Zhang. LW, McGinity, Properties of sustuined-release tablets
prepared by het-melt extrusion, Pharm. Dev. Technol. 4 (1999)
241250,
D. Henrist, 1.P. Remon, Tnfluence of the process parameters on the
characteristics of starch based hot stage cxsrudazes, Int. J. Pharm.
189 (1999 7-17.
F. Ndindayino. C. Vervaet, G. Van den Mooter, J.P. Remon, Direct
compression and moulding propertes of co-extruded isomalvdmug
mixtares, [ne. J. Pharm. 235 (2002) 159 168.
A. Rothen-Weinhold. K. Besseghir, E. Vuaridel, E. Sublet, N.
Gudry. F. Kubel. R. Gumy. Injection-molding versus exsrusion as
manufaciuring technique for the preparation of bicdegradable
implants, Eur. J. Pharm. Biopharm. +8 (1999) [13-121.
M.A. Repha. 1.G. Gerding, 5.1, Repka. J.W, McGinity, Influence of

(73]

[76]

[77]

(78)

[79]

{8%)]
811

[82]

(83]

[84]

[83]
[86]

[87]

(88)

(89]

(90

[91]

=
D

{93]

(94]

(951

plasticizers and drugs on the physical-mechanical properties of
hydroxypropylcetlulose films prepared by hot-melt extrusion. Dhug
Dev. Ind. Phirm. 25 (1999) 625633,

T. Ozeki. H. Yuasa, Y. Kanaya, Application of the solid dispersion
methad to the conuolled release medicine, [nt. I. Phacm. 155 (1997)
209-217.

A.L. Thakkar, C.A. Hirsch, 1.G. Page, Solid dispersion approach for
overcoming bioavailability problems due 10 polymorphism of nabi-
lone a cannabinoid derivative, J. Pharm. Pharmacel. 29 (19771 784~
795,

1. Huemer, P. Danz, W. Reinhard. J. Maasz, G. Feank., Thermal
granulating process, Eur. Patent. 0,686,392, 1994

A.G. Saraf, F. Bagja, L. Quali. E.G. Sarval, R. Gurny, E. Doelker.
Effect of pelymeroricntation induced by melt estrusion on diug
release, Proceedings of 28th intemational symposium on controlled
release bioactive materials, San Diega, 2001, p. 1041

C. Wi, K. Miider, T. Kissel, The degradution swelling and ¢rosion
properties of biodegradable implams prepared by exirusion or
compressicn moulding of poly(lactide-co-glycalide) and ABA
tribleck copolymers, Biomaterials 21 (2000) 931-938.

A, Gépferich, Implants with phased release of medicaments. Eur.
Patent. 0.868,171, 1996,

R.P. Eury. Method of incorporating drugs into & polymer component
of stents. Eur, Patent. 0,734.721, 1995,

F. Ndindayino. D. Henrist, F. Kiekens. G. Van den Mooter. C.
Vervaet, JP. Remon, Direct compression properties of tnelt-
extruded isomalt, Int. J. Phann. 235 (2002) 149-157,

V. Baeyens, V. Kalsatos, B, Boisrame, M. Fathi. R. Gurny, Evalua-
tion of soluble bioadhesive ophthalmic drug inserts (BODI) for
prolonged release of gentamicin: lachiymal pharmacokinetics and
ocular tolerance, I. Ocul, Pharmacol. Ther. 14 (1998) 263-272,

M A, Repka. J. W, McGinity. Bioadhesive properties of hydroxypro-
pylceilulose topical films produced by hot-meit extrusion, I.
Controlled Release 70 (2001) 341-351.

LR. Robinson, LW. McGinity. Effervescent granules and methods
for their preparation. U.S. Patent. 6,071,539, 1997,

C. Aitken-Nichol, F. Zhan, J.W, McGinity, Hot melt cxtrusion of
acrylic films, Pharm. Res. 13 (1996) 804-808.

JAH. van Laarhoven, MLA.B. Krull. H. Vremans, In vitro release
properties of elonogestrel and ethinyl estradiel from a contracepuve
vaginal ring. [nt. J. Pharm. 232 (2002) 163-173,

K. Nakamichi, H. Yasuura, H. Fukui, M. Oka, S. lzumi, Evaluation
of a floaling dosage form of nicardiping hydrochlonde and hydio-
xypropylmethylcellulose acetate succinate prepared using a win-
serew extruder, [nt. J. Pharm, 218 (2001) 103-112.

U. Miinch, H. I. Mika, B, Eschermann. R. Schmidt, B. Sczepanik,
Orully adminisired solvent free pharmaveutical preparation with
delayed active subsiance release and a method of preparing (he
preparation. Eur. Patent, 0.552,227. 19941,

[. Ghebre-Selassie, Solid pharmaceutical dosage forms in form of a
particulare dispersion, Eur, Patenl, 1,011,640, 1997.

H.H. Grinhagen, Polymer/drug-melt extrusion therapeutic and
lechnological appesl, Pharm. Tech, Eur, 8 (1996} 22-28,

J. Rosenberg. M. Degenhardt. J. Breitenbach, M. Migerein. G.
Berndl, T. Hantke, Amorphous Embedding of a Lipophilic Diug
Substance by Meltrex"-tcchnolngy. Astraci book 7th European
Symposium nn Conzrolled Drug Delivery, Nonrdwijk aan Zec, Neth-
crlands, 2002 pp. 184-188.

S. Hiilsmenn. T. Backensfeld, S. Keitel. R. Bodmeier, Mell extru-
sion-an uiternative method for enhancing the dissolution rate of 17-
estradiol hemihydrate, Eur. J. Pharm. Biopharm. 49 (2000) 237-
242,

1. Zeidler, J. Neumann, B. Liepold. J. Rosenberg, G. Bemndi, C.
Vallgraf, J. Breitenbach. Fast acting analgesic, US Patent.
6,322,816, 1997,

M. Porzio. L. Popplewell, Encapsulation compositions, US Patent
5,603,971, 1993,




DRUGS AND I HE(PHARIACEUTIGAIRSEIE VCE S VOFUMERHLY)

RhianmacelticalkSolids

IOG-; U‘A.:n a
< n @ o
& +0
g ‘ = - — N
K t1/2=420" © 125%
= HI/21=240 A 10%
3 Hi/20=135 + 75%
& NI/2)=025 © 5%
i 1 [} [
4 6 8
Reduced Time

JenSHIREanstenseni




22
Hard-Shell Capsules

22.1. The Two-Ring Hard-Shell-Filling Machine 376
22.2. Other Filling Principles than the Two-Ring Machine 379
22.3. Principles of Fills and Volumes 380
22.4. Compaction During Hard-Shell Filling 381
22.5. Dissolution and Disintegration off Hard-Shell Capsules 382
22.6. Pelliculation 383
22.7. Sustained-Release Hard-Shell Capsules 384

Symbols 385

References 385

Recommended Reading 386

Hard-shell capsules are a dosage form that is resorted to when a drug substance is
poorly compressible in the desired dosaée strength and is moisture-sensitive. It
also, at times, results from decisions early in product development, during which
original clinical trials were performed in dapsu]es because of convenience, and the
trials went ahead too rapidly to economlca]ly change the dosage form. The time
lapsc between conception of a drug and it§ introduction into the market place is of
importance, and even though hard-sheli cg,psules may be more expensive and cause
other problems not encountered in otherLsolid-dosage forms, the development of
the dosage form is easier and. in some aspects, more foolproof than direct com-
pression- or wet granulation-based tablelts (if those are possible with the drug
substance). An example of a drug Substance that was introduced into the market
place as a capsule because the dcvelopment got too far ahead of itself is chlordia-
zepoxide HCI (Librium Hydrochloride) capsules. Four years later, when the tablet,
Libritabs, was introduced, the public was used to a capsule, and the tablets were
never a success.

375
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22.1. THE TWO-RING HARD-SHELL-FILLING MACHINE

The commonly used hard-shell capsules are made of gelatin, formed into shapes that
allow filling them with particulate matter, The mostly used shapes and sizes are
shown in Fig. 22.1.

Before discussing the required powder requirements for hard-shell operations,
it is useful, first, to sketchily describe the basic principles of the original hard-shell
machine. Although it is not used much in actual production today, it is frequently
used in early product development (e.g., phase I clinical batches). It is a convenient
method for making small batches. For larger batches it is too slow and labor-inten-
sive to retain the popularity it once had.

Figure 22.2 shows the basic principle on which the capsule separation opera-
tion is based. The basics of the machine is a set of two rings that fit together, and that
have holes which in the upper ring correspond in diameter to that of the top of the
capsule, and 1n the lower ring correspond in diameter to that of the body of the
capsule (see Fig. 22.2a and b). Capsules, placed in a hopper, are fed down a so-called
raceway with a rectifier bar that aligns the capsules so that they feed into the rings in
the position shown in Fig. 22.2¢c. Vacuum is applied, and the two rings are separated
(see Fig. 22.2d), so that all the bodies are now in the botiom ring, and all the tops are
in the top ring.

The bottom ring is now transferred to a filling station (Fig. 22.3) where a
movable hopper, containing the powder to be filled, is drawn over the ring, and
powder fills into the body capsules. After one rotation the hopper is drawn back. The
once empty bodies of the capsules are now filled with powder.

The ring with the now-filled bodies of the capsules is placed together with the
top ring with the empty tops, and aligned so that the holes line up, they are placed
agamst a plate (Fig. 22.4a). A peg-board is placed in alignment with them (see Fig.
22.4a) and then pushed in (see Fig. 22.4b) so that the bodies are forced into the tops,
and the support plate 1s then removed (see Fig. 22.4¢), the peg-board pushes all the
way nto the rings, so that the capsules can be ejected.

The rings may have one, two, or three circles of holes. One is shown in Fig.
24.4, and two are shown in Fig. 22.5. The hopper has an auger (see Fig. 22.5) which

a
-ouse

No.O No.1 No.2 No.3 No.4 No.5

7

0.75 655 04 03 025 015

Fig. 22.1 Common shapes and sizes of hard-shell capsules. The volumes may depend on
cmpty shell manufacturer, and other sizes have been reported in the literature: namely, G: 0.68;
1:0.50; 2: 0.37; 3: 0.30; 4: 0.21; 5: 0.13mL.
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Plate Rerﬁoved

R

Peg Board

Moved For- Peg Board
ward With Pushes
Body Plate in Place  CaPsules
Forced Out
Inta Top
(a) (b) (c)

Fig. 22.4 Principle of ejection of capsules in a two-ring machine.

There will be an effect of flow rate both in free-fiow fill, and in auger-forced fill.
The “dwell time™ 7 (i.e., the length of time the body in the lower ring is in contact
with the powder in the hopper) is the longer the length a of the hopper throat, and
the shorter the rotational speed £2 rotations per second (rps), of the die table. If the
flow rate, forced or not, is W gfs, then in t s, Wt grams will flow into the capsule.
The dwell time 7 is given by the fact that the linear speed v of the hole under the
hopper is

1= 27 R (22.1)
so that the contact time is
T =a/(Q 27R) (22.2)
Auger

@]
:O\oh o Holes in Lower Ring
G— Side View
R(2)

Fig. 22.5 Filling process on a two-ring machine.

\
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where R is the radius of the circle of rings
flows into the die must be D or more, th

D=Wrt=Wa/(2 27R)

For more than one row, the distance a dif
three rows of rings) and from inner to out
R(1) being larger than R(2) in Fig. 22.5].
the hopper, making the distance b in Fig,
the fill weight variation experienced with
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If the fill dose is D g, then the amount that

at is, in the limit

(22.3)

fers from inner to middle to outer row (for

er row [for two rows of rings, 1.e., R differs,

This is compensated by the protrusion on

22.5 different from the distance ¢. Much of

multiple-ring filling is due to the different

speeds of the hole circles, giving different contact times, in spite of the b and ¢

features of the hopper construction.
From the foregoing, the minimum f
be, would be

W = D(22 2nR)/a

ow rate, forced or not as the situation may

(22.4)

Note that D is a function of 2. The machine can be run at different speeds, so that

the fill weight can be adjusted by way of

22.2. OTHER FILLING PRINCIPLES '

adjustment of the rps.

THAN THE TWO-RING MACHINE

High-speed--filling machines usually dcpeléxd on a dosator principle, which is outlined

in Fig. 22.6.

The dosator is set at a given level, 1
principle is then that the powder is stol
movement of it. {In some machines vacuu
the fill.) The dosator is then moved out ¢

The empty capsules are separated
coincide with the dosator, and downwar
(or application of compressed air), ejects
the nature of a plug.

Leveler Blade

Dosator

r—~—

. Main
Hopper

Constant Level Hopper

Fig. 22.6 Dosator principle.

o assure a certain free volume. The filling
mped into the dosator by the downward
m is employed in the void section to obtain
f the bed.

and the body of the capsule is made to
d movement of the pin, or simply gravity
the powder. For precision this should have
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The amount filled into the cavity of the dosator (hence, the fill weight) is a
function of the apparent density, the compressibility (and indirectly of the particle
size distribution).

Flow rate of the powder is important, because (see Fig. 22.6) the powder must
flow in a controlled fashion from the main hopper into the constant level hopper.
Control of this is accomplished, within limits, by the leveler blade.

It is obvious that the powder must be, to some degree, cohesive because a type
of plug has to form. On the other hand it cannot be too cohesive, for flow then is
unpatred, making a constant level of powder difficult to achieve. The constant level is
important, because the stroke of the dosator, and the amount of powder it encoun-
ters governs both the fill weight and the precision of fill.

After the body is filled, it is made to coincide with the top, and an insertion
mechanism causes joining of top and body.

There are several brands of high-speed hard-shell capsule-filling machines,
Haffliger Karg (HK) machine, the Zanazi, and the mG2 being the most common.

The HK machine has a storage hopper for empty capsules, a rectifier, a bulk
powder hopper (as shown in the foregoing), a capsule-transport portion, a closing
stalion, and an ejection station. The number after HK machines signifies the number
of capsules that can be handled per minute with optimum operation (e.g., HK Model
GKF 2500 will handle 2500 capsules per minute).

The mG?2 s a continuous-motion machine, the model G38 operating at 1000
capsules per minute. It consists of (a) a hopper for empty capsuies with rectifier, (b) a
removal station for the capsule top, () a cleaning station, (d) a dosator, (e) a powder
hopper, (f} a top holder station, and (g) a closing and ejection station.

The highest output of the Zanazi machines is 150,000/h. The BZ-72 model
handles powders, pellets, and tablets. Some models have presorters for empty cap-

sules, recovery system for powder, a sampling station for filled capsule, and a check-
weigher system.

22.3. PRINCIPLES OF FILLS AND VOLUMES

To make hard shell capsule products, it is 8 mixture of drug substance and excipient
(e.g. lactose and magnesium stearate) that is filled into the body of a hard-shell
capsule of a known volume. The principle of manufacturing the dosage form is, as
described earlier, to (a) separate the cap and body, (b) “fill"” the body, and (c) bring
the cap and body section together again. This principle applies to other capsule-
filling machinery as well.

To obtain the correct fill in a capsule-dosage form requiring, for example, X
mg of drug, the drug substance is mixed with Y mg of excipients. Y is selected so that
the mixture has the “correct” volume.

If the appropriate apparent density is o, and the volume of the capsule is ¥,
then
V=(X+7Y)p (22.5)

from which ¥ can be calculated. The problem, however, lies in the term appropriate,
because, depending on the machine used, this could be the cascaded or the tapped
density, somewhat in-between, or even a larger density.
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[n general, if adjustments are made|(e.g., if a trial of the filled capsule does not
give the correct weight, the remedy is to adjust Y, so that it becomes correct). As has
been seen in Chap. 16, apparent densities of mixtures depend on the state of sub-
diviston of the two (or more) ingredients, so that some measure of machine adjust-
ment must be available to allow for fill-weight vaniations that will occur from batch
to batch of raw material used. If the fill weight is approximately correct, then
machinc speed, as mentioned, may be used to adjust it.

22.4. COMPACTION DURING HARD-SHELL FILLING

If a solid is compressed below its elasti¢ limit, then it will distort a bit, and then
return to its oniginal shape once the stress is released (Fig. 22.7a).

Compaction is actually resorted to, to some degree, in all of the different types
of capsule machines. When a powder is' “compressed” gently, it will then remain
within the elastic limit, Figure 22.7 demonstrates this, and shows that when a capsule

is filled, there is a residual stress, which} actually helps keeping the capsule halves
together.

There are several aspects to this. T
apparent density. Kawakita and Taney
responds to pressure P in the following f

he consolidating pressure P, will affect the
a (1967) have shown that the porosity ¢
ashion:

de/0P = cg* (22.6)
This integrates to
e x4+ 1) =cP+Q (22.7)

where Q is an integration constant that ¢

an be derived from the apparent density at
zero consolidation pressure. Kawakati ax

1d Ludde (1970/71) have compiled a series

Strain

?

Apply Pressure
Below the Elastic

Limit Applied
Reversible Stress <
Distortion Elastic
Limit

__D

1l>

§ Stress

Release Pressure Stress from Capsule Wall

(a) {b)

Fig. 22.7 (a) Shapes of a particle under stresses below the elastic limit; (b) Linear stress—
strain relation below the elastic limit (Hooke’$ law).
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of consolidation equations. One that has a bearing on compaction equations in
Chaps. 23 and 24 is the Cooper equation:

{(Vo = ¥)/(Vo = V)| = Brexp(—B,/P) (22.8)

Where Vj is the volume of the powder at zero pressure, V is the apparent volume at a

consolidation pressure of P, and V' is the net volume of the particles. 8, and g, are
constants.

22.5. DISSOLUTION AND DISINTEGRATION OF HARD-SHELL
CAPSULES

Newton (1972), Newton et al. (1971a,b), and Muhammed et al. (1983) have
described the effect of variables in formulation and process on release of drugs in
capsule form. The effect of additives and, again, preparation mode on release of
active substance from hard-shell capsules has been described (Whithey et al., 1969;
Samyn and Jung, 1970; Khalil et al., 1972; Newton et al., 1977, 1980; Stewart et al.,
1979).

In fully automated filling machines the powder contents are compressed, so
that variables, such as force of compression can affect both dissolution and disin-
tegration. Several authors (Mehta and Augsburger, 1981; Btozolakis et al., 1982,
1984) have investigated the use of disintegrants to improve disintegration and dis-
solution,

A systematic study of the use of effervescent salt, as compared with conven-
tional disintegrants, in dosator-principle filling machines has been reported by El-
Shaboury et al. (1993).

These authors studied effervescent salts as disintegrants as well as conventional
disintegrants (Explotab, microcrystalline cellulose). In the former case they found
improvement (decrease in disintegration time and fsg), when the compression pres-
sure was increased. When their data are plotted as In[M /M;] versus time the plots
are not nearly as good (as judged by correlation coefficients) as when a cube-root

relation is used (Fig. 22.8). Denoting by M the amount of drug not dissolved, and by
M the initial amount, then:

b= [M/ M= K@~ 1) (22.9)

where ¢ 1s time, 7, is lag time, and X is the cube-root dissolution rate constant. This
may be recast as

M/ M) =1+ Kt, — (K1) (22.10)

The disintegration time can be deduced from these curves: the intercept minus
1, divided by the value of K. For instance, for the data for 10-kg pressure, the
disintegration time would be 0.1695/0.015894 = 10.66 min. When these are plotted
versus disintegration times from conventional disintegration tests, then Fig. 22.9
results.

It 15 not always, however, that cube-root relations hold best. Data by Tan and
Gan (1998) plot better in the semilogarithmic fashion (Fig. 22.10). Cube-root rela-
tions may be expected when the capsule contents, once the tablet has disintegrated,
presents itsclf as a particulate powder, whereas plugs or agglomerates will behave in
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Fig. 22.8 Dissolution of fenoprofen capsule
capsuies depicted have no disintegrant or effery

5 dosator-compacted at different forces. The
vescent salt added.

semtlogarithmic fashion, because moistu
the drug, which then can diffuse out.
In overlubricated powders, disintegr

rI must penetrate the aggregates, dissolve

tion of the shell may occur, but the pow-

der mass will remain intact, and penetratioh of hiquid into a (now hydrophobic) plug

gives rise to a slower dissolution. This type'

root law (Higuchi, 1963).

22.6. PELLICULATION

In properly formulated capsules the dissols

of dissolution is likely to follow a square-

htion steps are (a) rapid dissolution of the

shell, followed by (b) dispersion of the p

owder, followed by (c¢) dissolution of the

drug from distinct drug particles. This type of dissolution curve should simply be a
cube-root law, maybe with a slight lag time.
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Fig. 22.10  Dissolution of ciprofioxacin HCI capsules. (Data from Tang and Gan, 1998.)

Capsule powders that contain substances with aldehyde or keto groups may
experience dissolution rate decrease on storage because of a Maillard-type reaction
with the amino groups of the gelatin:

RNH; + RC: 0 - RNCR" + H,0 (22.11)

When this occurs, the capsule, when introduced into the dissolution vessel, will form

a film (a pellicle or pellicule), which encases the capsule and prevents the drug in it
from dissolving.

22.7. SUSTAINED-RELEASE HARD-SHELL CAPSULES

Hard-shell capsules are often used for coated beads and pellet sustained-release
dosage forms. The most important aspect of these, owing to their sustained-release
nature, is their dissolution pattern.

The common apparatus used is U.S. Pharmacopeia (USP) either method 1
(basket) or 11 (paddle). Most common dissolution media are (a) N/10 HCI and (b)
water, but some investigators (e.g., Kumar and Pandit, 1997) employ an acid med-
ium at first, and then, at various time periods increasing the pH For compounds such
as ibuprofen, which have higher solubilities at higher pH. values, the rate will
increase as time (pH) progresses.

Increasing the pH as a function of time in this fashion, the so-called stepped-
pH dissolution can be accomplished in different manners (Marty et al., 1997). The
pH 1s usually increased from that of stomach (pH = 1.2) to that of intestine
(pH = 7.5).

Two of the methods used to accomplish this involve a total exchange of med-
ium, whereas a third (half-change method) requires exchanging one-half of the liquid
with liquid of a higher pH (Brossard and Wouessidjewe, 1990; Miinzel, 1960; Ritchel
and Orth, 1967). These methods are rather impractical, and there have been other
suggested methods for increasing the pH. Marty et al. (1997), Baudy et al. (1989),
and Brossard (1976) have used a solid bufter addition to adjust the pH. Sallans et al.
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(1988) have suggested a method for which initially one-half of the final volume is
used, and liquid addition of buffers then adjusts the pH upward.

SYMBOLS

@ = throat length of hopper

¢ = coefficient in pressure/fill equation

D = fill weight

K = Hixson—Crowell cube-root constant

M = mass (weight) of drug not dissolved

M, = initial mass of drug

P = pressure on fill during filling

R = radius of die table

0 = constant in pressure/fill equation

f = dissolution time

t, = lag ttme

Vo = the volume of the powder at zero pressure

V' = (a) apparent powder volume at a consolidation pressure of P; (b) volume
of capsule

V' = net volume of the particles

v = linear speed of body of capsulg in die

W = flow rate (g/s)

X = drug content

Y = excipient content

£ = porosity

B = constant in Cooper-Eaton eql.llation

B, = constant in Cooper—Eaton equation

T = dwell time

{2 = rotations per second (rps) of the die table
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As mentioned in the introduction, this text is not geared toward the actual machine
and operational details of a solids operation, and only a cursory overview of tablet
machines will be given here. This overview is necessary for the further discussion of
properties of solids relative to compression.

For further details the reader is referred to the recommended reference texts
before the reference list at the end of the chapter for details on tablet machines,
methods of instrumentation, and granulation techniques.
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23.1. PRINCIPLES OF SINGLE-PUNGCH TABLET MACHINES

The single-punch tablet machine (or eccentric press) is schematized in Fig. 23.1. In
frame A, the hopper is in position over the empty die, bordered below by the bottom
punch, and powder flows from the hopper into the die. The amount of powder that
flows in is the volume (¥ cm®) times the cdscaded apparent density (o’ g/cm’) of the
powder, so that the fill weight of the tablet, U g, is given by:

U=Vp (23.1)
1f the fraction of the powder counsisting of drug is F, then the dose D g, is given by
D=FVp' (23.2)

It 1s obvious that the accuracy and preJ:ision of the dose are a function of the
accuracy and precision of the fill weight I/, and the precision and accuracy of the
fraction F. Content uniformity, hence, is a function of both these factors.

It is obvious that the fill may be adjusted by the position of the lower punch in
the first phase (frame A).

In Fig. 23.1B, the hopper has swung jaway, and the top punch comes down and
compresses the powder into a tablet. The 1dimemsions of the tablet are a function of
the longest path this punch takes, and this can be adjusted, so that the thickness of
the tablet may be adjusted 1n this way. This also adjusts the hardness of the tablet.
Hence, in general, in tablets made on a single-punch machine, there is a functional
relation between the thickness and the hardness.

Single-punch machines produce, at top speed, about 60 tablets per minute. 1f
the number of tablets per second is denoted N, then the amount of powder flowing
into the die per minute is

W = NUg/s (23.3)

W is the required flow rate for the powder. Because most powders have flow rates in
excess of 60 gfs there is generally no problem with the powder flowing into the die
sufficiently rapidly (see Fig. 23.1A). It shéll be seen, under rotary presses, that this
becomes a problem as the dwell time becoimes smaller. The dwell time 1 s is given by

t=q/N (23.4)

A

B
Symbols: BaDieoppﬂr

Fig. 23.1 Principle of single-punch tablet machine.

1 sPowder .Tab|et
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where g is the fraction of the cycle (see frames A-D) the hopper stays in the position
of frame A.

23.2. PRINCIPLES OF ROTARY MACHINES

Single-punch machines are slow and are used mostly in product development and in
initial clinical trial batches when raw material (drug substance) is in low quantity.

When larger quantities are required, rotary machines are resorted to, and
essentially all manufacturing equipment is of the rotary type.

In a simple setup (Fig. 23.2), a hopper feeds powder into a feed frame, under
which dies and lower punches receive the powder (Fig. 23.3). Once outside the feed
frame the upper punch descends and its downward movement, in combination with
the upward movement of the lower punch, produces the tablet. As opposed to a
single-punch machine this is referred to as double-sided compression.

The tablet, ejected from the die by the extreme upward movement of the lower
punch is removed from the die table at the end of the circle at the back of the hopper
(the knockoff bar), and the cycle repeats.

Many high-speed machines are equipped with two or three hoppers, around the
periphery at 120° angles (Fig. 23.4).

Some requirements are apparent from the general setup. It is economically
desirable to operate the machine at as high a speed (A rps; rotations per second)
as possible. One of the limiting quantities is the flow rate of the powder.

If the radius of the die table is denoted R, then the linear speed of the dies is
272 R; hence, the dwell time is

T=a/2nAR | (23.5)
With a required fill weight of U. it follows that the required flow rate W is given by
W =Uft=U2nlR/a (23.6)

or, because the machine operation is adjustable and, for a given powder, W is not

(without further manipulation) changeable, the maximum allowable machine speed
would be

Fig. 23.2 Schematic of rotary machines.
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dmax = WajU2nR (23.7)

This 1s one of the flow rate requirements of the powder. If there are N stations to be
filled under the feed frame, and the flow rate from hopper to feed frame is L g/s then
the lag time must be at least

T=NU/L (23.8)
Inserting this in Eq. 23.5 then shows that the maximum machine speed would be:
hnax = aL /(U272 R) (23.9)

The smaller of the two A-values in Egs.|(23.6) and (23.8) is the limiting speed at
which the machine can be operated and still produce weight-quality product.
Powder flow has been treated in Chap. 18, but it should be mentioned at this
point (Carstensen and Laughlin, 1979; Laughlin et al., 1979) that flow rates are
dypamic 1 a sense, in that the powder|in the feed frame differs from the static
flow rate experienced when a powder flows through an orifice of a stationary hopper.

23.3. MULTIPLE-LAYER AND COMPRESSION-COATED TABLETS

At times, it is necessary to ‘‘separate” two components of a solid-dosage form. It
could be a case of physical or chemical incompatibility, and a classic example of this
is methyprylon and caffeine (Carstensen, 1977), for which the two compounds form
very low temperature eutectics. An examiple of chemical incompatibility is aspirin
and dialminate.

One manner in which such a separation may be accomplished is by way of
either a double-layer tablet or a triple-ldyer tablet. In the latter, the layout is, as
shown in Fig. 23.4, three hoppers are placed at 60° angles to one another, and three
granulatons, A, B, and C are placed in t le appropriate hoppers. A is first filled into
dies in a feed frame between A and B, anlL loosely compacted, granulation B is then
filled into the die as it passes hopper B and compressed a bit harder between hoppers
B and C, and then finally C is filled into the die as it passes hopper C and the final,

desirable pressure i1s applied. The tablet is|then ejected at a knockout bar at the back
of hopper A.

Legend: A = Hopper, B = Upper Punch,
€ = Lower Punch, O = Tablet

T} =toose Powder

e = Denser Powder

Fig. 23.3 Schematic wrapped-out view of punch positions during the compression on a
rolary machine.
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Pressures and speeds are adjusted so that the layer separations are “‘clean,”
particularly if the layers have different colors. The two incompatible compounds, in
the foregoing examples, would be in granulations A and C. If the incompatibility is
physical (e.g., by way of eutectic formation), there may still be interaction in the
packed product, if it is simply packed (in random arrangement) in a bottle. In that
event, there will be contact point between tablets, and whenever layer A from one
tablet touches layer C of another, there may be a “spot” occurring.

Two-layver tablets are employed when the incompatibilities are less pro-
nounced. In that case there will always be interaction in the contact area between
the two layers. In two-layer tablet manufacture there are only two (or four) hoppers.

In more pronounced situations of incompatibility, or when special release
effects are desired, triple-layer tablets may be resorted to (Fig. 23.4) or, bicoated
or tricoated tablets arc a solution. It is not used often, primarily because of the
complicated nature of the construct, and the associated lower tablet machine speeds.
The principle of a bicoated tablet is shown in Fig. 23.5.

Figure 23.5 shows one end of a die table. A die is first half-filled with the outer
granulation (A), and a tablet is dropped into it (B), it is then filled to the top with
outer granulation (C), and compressed (D).

The process is slow (800 tablets per minute), but for incompatible drugs it may
be a last resort. Tablets-within-tablets-within tablets (tricoating) also is possible, and
here totally incompatible components can be separated by a neutral layer (see Fig.
23.5).

Thomas et al. (1998) have described how the core material properties affect the

compression and the properties of compression-coated tablets made with microcrys-
talline cellulose as the coating material.

23.4. STRESS AND STRAIN: HOOKE'S LAW; BONDING IN TABLETS

Hiestand states that the mechanical criteria for a successful tablet formulation are
good flowability for powders and adequate strength without fracture for compacts.
The matter of flow has already been discussed, but further aspects of it will be dealt

0 0 0Op
O
0] O
% O
8]
O Tablet Die
O
O \
o C
') o
o O

Fig. 23.4 Schematic of triple-layer tablet turret.
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th of materials and of compacts will also

It has been seen in previous chapters that efforts are made to make particles
“round,” and sufficiently large, so that they will flow well, and add binders, so that

they will bond when they are compressed.
removing the water by drying operations,

This entails wetting the powder, and then
and as such is energy-inefficient. It is also

labor-intcnsive and, in the 1960s, there was a sustained and successful attempt to

accomplish tableting of drug substances b

y simply mixing them with excipients and

compressing them.

Tableting is carried out by applying (compressional) stress to a powder bed.
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must be distant by no more than molecul
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(ior bond formation.

If, as exemplified in Fig. 23.6 a cubical block is exposed to a pressure P, then it

will “give” (i.e., it will become thinner and Lvider). Up to a certain pressure, P(1), this
1s reversible (i.e., if the pressure is released then the original form will be regained.

The solid, in this range of pressures, is sai

to exhibit elasticity.

Once P(1) (see Fig. 23.6) is exceeded (point B Fig. 23.7), the deformation

becomes irreversible (i.e., if the pressure
not return to its original shape). This is

Beyond this point, further increases in pres

tion (see portion BC in Fig. 23.7). If the
portion, then the block will remain intact;
P(3) (see point C in Fig. 23.7) breakage w

is lifted, the solid will relax, but it will
denoted the elastic limit or yield value.
ssure may then result in further deforma-
pressure is released at any point in this
but will be distorted. At a given pressure,
1l occur, and this is denoted brittle frac-
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P P(1) P(2)

!

Reversible

Brittle Fracture

i
k3 o
55 L

Deformation

Fig. 23.6 Schematic of yield and fracture of a block.

ture. This is shown, graphically, in Fig. 23.7, which has been shown earlier and is
repeated here for convenience.

Often, the portion BC is small, and the bond formation that occurs in this
region is insufficient to make a “‘good™ compact, so the pressure has to be brought all
the way up to P(3) for good bonding to occur. This situation is denoted bonding by
brittle fracture. If, however, adequate bonding between particles occurs in the region
BC in Fig. 23.7, then bonding is said to occur by plastic deformation.

The slope of the line AB is denoted the Poisson’s ratio, v. Robers et al. (1994)
have determined the Poisson’s ratio for microcrystalline cellulose.

23.5. ATHY-HECKEL PLOTS

Up to a certain limit of compression pressure, tablets will become thinner; the higher
the compression pressure, the thinner the tablet will become.

Stram
FAN

<n

A D

Stress

Fig. 23.7 Strain versus stress profile,
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The thinner it is, the smaller the porasity (¢) and the so-called Athy-Heckel (or
simply Heckel) equation states that

—In¢} =aP + b (23.10)

where a and b are constants (Heckel, 1961).

Table 23.1 and Fig. 23.8 show thickness data of a tablet as a function of
compression pressure. The tablet has a cfoss-sectional area of 1cm” and the true
density of the contents is p = 1.5 g/cm’. The fill weight is 900 mg, so that if there
were no porosity at all, then the thickness / of the tablet would be given by

h=09/1.5=06cm=6mm (23.11)

so that, at a thickness of 0.60, all the porosity is gone (i.e., the tablet is simply solid).
Knowing the thickness at any given compression pressure, a similar procedure will
give the apparent density o', so that the porosity e can be calculated from

e=1-1{p"/p} (23.12)

The thicknesses in Table 23.1 are the expsrimental value, and the calculated poros-
ies are shown in the third column of the table, The negative of its logarithm is then
shown in the fourth column. :

The negative of the natural logarithm of the porosity is plotted versus applied
pressure In Fig. 23.8, and the data linearize. It is strictly an arbitrary convention in
literature to plot — In[¢] rather than In[g]. If the latter were done, then the data would
still be linear, but with a positive slope. J

Heckel (1961) found, experimentally, that the slopes of such plots are 1/(3¢)
where ¢ denotes yield value. The data in Tlable 23.1 are plotted in Fig. 23.9, and it is
scen thal 1/3¢=0.66, so that thé vyield value is calculated to be
@l1/(3 x 0.60) =0.5 ton/cmz.

23.6. THE COOPER-EATON EQUATION

Linearity i the Athy-Heckel equation i%l always somewhat lacking. Cooper and
Eaton (1962) improved on this by assuming that two processes were at play in the
compression. The compression would first, through rupture of particles and their
percolation, fill larger void spaces in the powder bed, and once that process was over,

Table 23.1 Example of Porosity as a Function of Applied Pressure

Compression pressure Thickness

(tons/cm?) {cm) Porosity — In[Porosity]
2000 24 04 0.916
2500 1.35 0.5 1.067
4000 0.68 0.118 2137
5000 0.64 0.062 2.781
6000 0.62 0.032 3.442
7000 0.61 0.016 4.135

(8000} 0.60 0
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Compression Pressure, kP

Fig. 23.8 Data in Table 23.1 plotted linearly.

it would repeat, and the now smaller particles would rupture and fill the “smaller”
void spaces. This led to a compression profile that was best described by fractional
volume compression.

(Vo ~ VY(Vy = V*) = acxp(—k,/P) + bexp(ky/P) (23.13)

where ¥} is volume before compression, V is volume at a pressure P, and V™ is the
volume corresponding to true density; a and k, are constants relating to the first
fracture and percolation, and b and k; are constants relating to the second step. An
example of the trace produced by such an equation is shown in Fig. 23.10.

When P tends toward infinity, the exponents tend toward zero, so that the
exponential values approach 1.0; hence, the curve in Fig. 23.10 has an asymptote at
(Vo= W)/ (Vo -V")=054+05=10, which is what it should be (V= I").
Chowhan and Chow (1981b), showed that for naproxen and HPMC the equation
gave a more rational fit than the Heckel equation (Fig. 23.11).

y= -048512+065619x R =0.008

AnfPorosity}

0 p—— | - 1 i I i 1 n L n J

1 2 3 4 5 6 7
Comypression Pressure (fons/sq. em)

Fig. 23.9 Data i Table 23.1 plotted by the Athy-Heckel equation.
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06 r

{(Vo-V)i(Vo-V*}

Pressure

Fig. 23.10 Trace of the equation (Vy — V)/(Vy — V*) = 0.5exp(—5/P) + 0.5 exp(=10/P).

23.7. COMPRESSION CYCLES

I a powder mass is confined in a cylindrical space, and a force is exerted on the top
of it, it might, at first sight, seem that the|/downward force would simply be propa-
gated through the mass, and the reactive lFrce on the bottom of the space would be

equal and opposite the force exerted on the top. However, Fig. 23.12 shows, sche-
matically, how some of the force is “diverted” to the walls of the confining space.
In the diagram the hypothetical situation of a “powder mass” of five spheres
arranged as two, one, and two is presented! The downward force is A and B, which is
then decomposed in EC and DF, toward the wall, and CG and DG toward the
center of the sphere in the second layer. [This force is propagated along the same
center line to the two spheres in the bottom layer GQ and GH, and these are
decomposed into wall forces HJ and QK hnd the downward forces HL and QM.
During the compression there will bé work exerted, and part of this work will
be “lost” to the die wall. This will be touched on further under Sec. 23.8, Lubrication.
The diagram explains the so-called Uncle equation, that the downward pressure, P_,

ORe ¥ T T T T T h

084 r 7

083 r 1

Fractional Volusme
Campression

082 r

08 1 i Al " 'y A 1 s
00 0s 1.0 L5 20

Pressure, 0.001 x kgfsg.cm

Fig. 23.11 Example of data that would fit the Cooper~Eaton equation. (Data [rom
Chowhan and Chow, 1981.)
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Fig. 23.12 Schematic showing dic wall force.

decreases through the compression mass as a function of the distance x, from the
surface by the refation:

P. = P,exp(—kx) (23.14)

Higuchi et al. (1953) were the first to instrument a tablet machine, so that the
pressures on the upper and lower punches and on the die wall could be monitored
during a compression cycle. This will be shortly dealt with here. A fair amount of
older literature on this subject deserves mentioning; namely, that of Long, 1960;
Schwartz and Weinstein, 1965; Perelman and Roman, (1971, Schwartz and
Holland, 1969; Koerner and McCabe, 1972; Paris et al., 1975; Leigh et al., 1967;
and Strijbos et al., 1977,

Applied forces are usually referred to by the symbol P, but in discussion the
compression cycle in the following, die wall pressure (stress) will be denoted r, and
applied pressure will be denoted o. If we refer to the upper portion of Fig. 23.13, the
first part of the compression cycle (part A) starts at the point when the punches
experience a measurable force from the powder. From this point (line OP) on the die
wall stress (or pressure) v is fairly linear relative to the applied pressure (o) as

visualized in Fig. 23.13, with a slope equal to the Poisson ratio v, of the powder),
that 1s,

T=vg (23.15)
Marshall (1977) has shown, however, that a more realistic representation is:

Line segment OP: v = [v/(1 — v)jo (23.16)

As pharmaceutical examples of Poison’s ratio, Robers et al. (1994) have reported on
the ratio for microcrystalline cellulose.

The point P in Fig. 23.13 represents the elastic limit. If this is high, then
removal of the load will cause the original line (OP) to be regained, and bonding
will not occur.

When forces (or pressures) are applied above point P, then bonding will occur

through plastic deformation or brittle fracture. One of these will predominate
(Carstensen and Toure, 1980).
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Fig. 23.13 Compression cycle.

If the bonding is by plastic deformatia

then the solid behaves as a liquid, and i
equation for the line segment PQ is:

Line Segment PQ: 1=0 — ¢

where 1 is the stress on the die wall.
Line QR obeys the equation (Parrot

At point R the die wall stress 1s greatq

to the yield stress so the equation for line

Line Segment RS 1 =04+ ¢

Chapter 23

n (1.., considering the body viscoelastic),
[ the yield value is denoted ¢, then the

(23.17)

J, 1990)
Line Segment QR: 1= (v/(1 = Wo H {1 = v/} = v)}omax

—¢

T than the applied stress by a value equal
RS is:

(23.18)

(23.19)

Carstensen and Touré (1980) integ{rated these equations to find the area
(OPQRS) within the compression cycle and found it to be linear with 7, (i.e.,

the “apphed compression pressure’).

It is noted that the cycle predicts a rfsidua[ die wall stress of ¢.

23.7.1 Mohr Bodies

Hiestand (1997) also points out that describing the properties of compacts by linear—
elasticity equations has limitations, because compacts (in practice) are porous, and
they are nonhomogeneous, viscoelastic M(jl)hr bodies.

A Mohr body is a construction showing t versus o and, to some degree applies

to a powder bed as well as to a solid body.
Chap. 17.

This is akin to the shear loci discussed in
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The shear loci depicted in Fig. 17.7 may be presented in the fashion shown in
Fig. 23.14. Mase (1970) points out that “frequently...a state of plane stress is
represenied by a single Mohr's circle . . . this representation is necessarily incomplete
since all three circles are required to show the complete stress picture... A single
circle Mohr's diagram is able, however, to display the stress points for all those
planes at the point P which include the zero principal stress axis...”

This, not withstanding, a two-dimensional representation is shown here (as, to
my knowledge, it is used in all pharmaceutical publications).

The construct essentially states that when a given normal load is applied 1o a
powder bed, there will then be a plane of maximum stress at an angle of ¢ to the
principal stress axis. The tangential componerit of the stress will be

7= (0] —03)/2 (23.20)
and the normal component will be
o = (o) + 03)/2 (23.21)

If total symmetry is assumed, only one Mohr circle then suffices. I the failure is

characterized by that of a Mohr body, then the segment OP is still governed by Eq.
(23.16).

Line Segment OP: v = [v/(1 — v)]o (23.22)

If the stress increases beyond C (see Fig. 23.14), then fatlure occurs. In the
plane of shear, r, in this situation, equals

o/2—-1/2 : (23.23)
The tangential stress in excess of C (sce QR — NOQ in Fig. 23.14) is, hence,

(o/2—¢/2)~C | (23.24)
The normal stress in the symmetrical situation equals

o/2+1)2 | (23.25)

and recalling that tangential stress.equals friction times normal stress then gives

_p-—'t

—+ o

(1 —0G3)/2

Do

=

ol Vo2 a3

(01 403/ 2

Fig. 23.14  Shear locus and Mohr circles.
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(6/2—1/2) = C = u(o/2 + 1/2) (23.26)

This may be rearranged to express t as a function of o, which gives the equa-
tion for

Line Segment PQ: v = [(1 — w)a /(1 4 wo — {(2C)/(1 + )] {23.24) '

The line segment QR is parallel to line segment OP and passes through the
Point (Ornax: Tmax), Where

Tpax = [(1 - Ju*)amax - 2C]/(I + M) (2325)
so that the equation for line segment QR becomes

Line Segment QR T= {[(1 - nu')amax I~ 2C]/(1 + M)} + “U(U - Umax)]/(l - U)}
(23.26)

At one point (point R) the radial stress willjexceed the normal stress, and the descent

will now be of a Poisson type, with the restriction that it goes through the point
where o = ¢. The equation for this line is

Line Segment RS: 7= {[(1 + w)/(1 = wo ~ 2C/(1 — w))) (23.27)

It is noted that the residual die wall pressure is obtained by setting o = 0; that
is, 1t 18

Residual die wall pressure: {2C/(1 —|w)} (23.28)

Carstensen and Touré (1980) integrated these equations to find the area within
the compression cycle and found it to be proportional to the square of 1, (i.e., the
“apphied compression pressure”).

Such plots, hence, give information on whether bonding occurs primarily
through plastic deformation or through brittle fracture.

23.8. LUBRICATION

After completion of the cycle there remains a residual die wall pressure, being the
residual force F(d), divided by the area of the wall. The definition of frictional
coefficient is recalled, and is exemplified in Fig. 23.15.

To eject the tablet, a certain ejection force E is necessary. The residual die wall
force, F(d) in Fig. 23.15 1s the normal force and E is the tangential force, so that the
definition of frictional coefficients gives

Fig. 23.15 Examplc of the definition of frictional coefficient.
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E = uF(d) (23.29)

where u is the frictional coefficient between the die wall and the tablet mass.
There have been attempts in literature to assess the frictional coefficient
between a compressed powder mass and adjoining metal (Carstensen et al., 1980).
Higuchi (1954) suggested that the ratio between upper F, and lower punch
pressure F|, the so-called F-ratio, was an indication of the lubrication efficiency of
the formulation; that is, the closer the ratio

FHiguclu =I/F, (23.30)

1s to unity, the better the formula is lubricated. Guyot et al. (1977) suggested that
work on the lower punch divided by the energy input of the upper punch in the
compression cycle would be a better index.

If the thickness of the compressional mass is denoted 4, then combining Eq.
(23.30) with the Unckel equation then yields

Fisiguens = R = (F, exp(~kh)/F, = exp(—kh) (23.31)

23.9. ENERGY CONSIDERATIONS IN COMPRESSION

By means of displacement gauges, it is possible to monitor upper punch, ¥, and
lower punch, Fy, forces and at the same time measure the depth of the upper punch

intrusion (on a single-punch machine). When such traces are obtained, profiles such
as shown in Fig. 23.16 result.

During compression a curve, such as OA, will be obtained, and after pressure is
released a curve, such as AB, will be obtained. Work equals force times distance, so
that the compression work or energy W,, is given by

y
W_ = area QADO = [ fi(x)dx (23.32)
Jo

The energy lost (the elastic energy, W,) after the pressure is released is given by

Punch Force, ¥

FAN I

Elastic
Limit

x=0 D
Punch Displacement

Fig. 23.16 Force-displacement plot.
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A
W, = area BADB = J fo(x)dx
B

so that the total energy or work, Wy |
complete is given by

A

W, = area OADO = J Vi) = falx
0

The first part of the compression even

(Fp) The energy consumption in this area
will be a substantial amount of work neede

Chapter 23

(23.36)

mparted on the tablet after the cycle is

t is a consolidation below the elastic limit
is relative small. Beyond this limit, there
d for further invasion of the upper punch,

and brittle fracture or plastic deformation

'of the particles will take place. The dee-

pest invasion of the upper punch 1s denotéd x = g in Fig. 23.16.
The force displacement profile is denoted S(x) in Fig. 23.16, and Fihrer (1965)

and Parmentier (1974) suggested that f{x

Hence, the force equation would be

) was hyperbolic, asymptoting at x = b.

F=F[b-Xx) 0<x<b {23.38)
wherce F' is a characteristic constant. From this it follows that

F'=Fgb (23.39)
and, hence,

F = Fyb/(b - x) (23.40)

Data treated in the logarithmic form of t
23.17. The fit is good, although the slope
in Fig. 23.16, the maximum applied

F* = Fob/(b~ )
Eq. 23.40 may be written:

y=-063039-075357x RA2=099%6
2 -

Inf0.000F] in N.

.
(8]

In{b-x}in mm

Fig. 23.17 Diphenhydramine hydrochloride

(Data from Fessi ct al., 1981.)

his (Fessi et al., 1981) are shown in Fig.

Fiffers from negative unity.
force F* (occurring at x = g) is

(23.41)

tablets containing 50% polyvinyl polymer.




