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Senora Jefe,
DIVISION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. S. D

Referencia : Expediente N° 07012642

Asunto : Oposicion a la solicitud de patente de Invenciéon
titulada “FORMULACION DE COMPRIMIDOS
DE LIBERACION EXTENDIDA QUE CONTIENE
PRAMIPEXOL O UNA SAL
FARMACEUTICAMENTE ACEPTABLE DEL
MISMO, UN METODO PARA SU FABRICACION
Y SU USO”

Solicitante : BOEHRINGER INGELHEIM PHARMA GMBH.

Opositora : GYNOPHARM S.A.

Publicada en la Gaceta de la Propiedad Industrial
N° 587 del 18 de enero de 2008

Yo, ELIANA ISAURA MORENO BOHORQUEZ, z*(gada en ejercicio,
identificada como aparece al pie de su firma, con tarjeta profesional No.

83823 del Consejo Superior de la Judicatura, en mi condicion de
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apoderada de la sociedad GYNOPHARM S.A. conformada bajo las leyes

de la Republica de Colombia y domiciliada en la ciudad de Barranquilla,
Colombia, atentamente manifiesto que estando dentro del término de ley
y por orden expresa de mi representada, presento oposicion a la concesion
del registro de la Patente de Invencion titulada “FORMULACION DE
COMPRIMIDOS DE LIBERACION EXTENDIDA QUE CONTIENE
PRAMIPEXOL O UNA SAL FARMACEUTICAMENTE
ACEPTABLE DEL MISMO, UN METODO PARA SU
FABRICACION Y SU USO” cuyo titular es BOEHRINGER
INGELHEIM PHARMA GMBH, vy pido a Usted declarar fundada esta

oposicion y en consecuencia negar el registro de la patente solicitada.

1. INTERES PARA ACTUAR

Conforme a lo dispucsto en el articulo 42 de la Decision 486 de
2000 de la CAN, estando dentro del término estipulado por la ley,
manificsto ¢l legitimo interés de nuestra representada para oponerse al
registro de la patente de la referencia, atendiendo a que la solicitud
pretendida no cumple con los requisitos dispuestos en la ley como se
analizara més adelante y de ser concedida afectaria dircctamente la
comercializacion de algunos y&uctos de mi representada, que contiencen,

en particular Pramiprexol. Por lo tanto, solicito respctuosamente a cse
PR
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Despacho se sirva tener en cuenta la presente oposiciéon dentro del tramite

administrativo que se surte en esta Superintendencia.

2. FUNDAMENTOS DE HECHOS

2.1.  La solicitud objeto de la presente fue presentada el 6 de febrero de
2007, reivindicando prioridad bajo la solicitud EP20040019248 dcl
2004-08-13; y fue publicada en Colombia, en la Gaceta de la Propiedad
Industrial Ne 587 del 18 de enero de 2008, cuya publicacion
internacional corresponde a la W(02006015944 del 16/02/2006.

2.2.  La solicitud colombiana 07012642 objeto de la presente oposicion,
se refiere a una formulacion de comprimido de liberacion extendida
que comprende pramipexol o una sal farmacéuticamente aceptable del
mismo ¢n una matriz, comprendiendo ja matriz al menos  dos
polimeros que sc hinchan en agua, donde uno de dichos polimeros es
almidon pregelatinizado y donde el otro de dichos polimeros es un
polimeros anionico; en la que ¢l polimero anionico se selecciona del
grupo de polimeros del acido acrilico opcionalmente reticulados,
polimeros del dcido metacrilico, alginatos y carboximetilcelulosa; en la
que el polimero anioénico es un polimero acido acrilico reticulado, y en
la que ¢l contenido del polimero de 4cido acrilico opcionalmente

reticulado, y en la que el contenido del polimero de dcido acrilico
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opcionalmente reticulado en la matriz es de aproximadamente 0,25 en
pcso  a aproximadamente 25% en peso, preferiblemente de
aproximadamente 0,5% en peso a aproximadamente 15% en peso, y
preferiblemente de aproximadamente 1% cn peso a aproximadamente
10% en peso; donde la formulacion de comprimido comprende
ademas un polimero anidnico y que se sclecciona preferiblemente entre
hidroxipropilcelulosa e hidroxipropilmetilcelulosa; en la que ¢l
polimero que se hincha en agua que no es de almidon pregelatinizado
o un polimero anidnico es hidroxipropil metilcelulosa y donde el
contenido de hidroxipropil metilcelulosa en la  matriz es de
aproximadamente 10% en peso aproximadamente 75% cn peso, y
preferiblemente de aproximadamente 25% en peso a aproximadamente
65% cn peso; en la que la matriz comprendida aproximadamente: a)
pramipexol o una sal De 0,05 a 5% en peso del mismo; b) polimero(s)
De 0,25 a 25% cn peso anidnico(s) que se hincha(n) cn agua; ¢)
polimero(s) que se De 10 a 75% en peso hincha(n) en agua distinto(s)

de (b); d) excipientes Hasta 100% en peso adicionales.

En primera instancia, sc debe advertir que la reivindicacion 16 sc¢
refiere al uso y no sélo a la composicion farmacologica o a un método
de fabricacion mediante la cual se obtenga un producto tangible y
scgin la legislacion, decision 486 de la Comunidad Andina dc

Naciones, Articulo 14.- “Los Paises Miembros otorgardn patentes para las
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invenciones, sean de producto o de procedimiento (...)”, los usos no estin
contemplados como patentables; y, Articulo 20.- “No serdn patentables
(...) d) los métodos terapéuticos o quirurgicos para el tratamiento humano o
animal, asi como los métodos de diagnéstico aplicados a los seres humanos o a
animales”. Solo seran patentables los productos o procedimientos. Por
lo tanto a luz de la norma, dicha materia referente al uso y a un

método de tratamicnto no seria patentable.

2.4.  Ahora bicn, con base en el articulo 14 de la Decision 486 de la

2.5.

CAN consagra lo siguiente: “Los paises miembros otorgardn patentes para
las invenciones, sean de producto o procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles
de aplicacion industrial”. Asi las cosas, las invenciones objeto de patente
dcben ser nuevas y tener nivel inventivo. Bien, pues antes de la fecha de
prioridad de esta solicitud se encuentran los siguientes documentos que

afccta la patentabilidad de la presente solicitud:

e D1: WO2004010997 publicada ¢l 5 de febrero de 2001.
o D2: WO2004010999 publicada ¢l 5 de febrero de 2001.

Ahora bien, el documento DI se refiere a una composicion

farmacéutica de liberacion sostenida en una forma de un comprimido
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administrable por via oral que comprende una sal de pramipexol
soluble en agua dispersa en una matriz que comprende un polimero
hidrofilo y un almidon que tiene una resistencia a traccion de al menos
aproximadamente 0,15 KN em2 a wuna fraccion de  solidos
representativa del comprimido; y, por su parte el documento D2 revela
formulaciones farmacéuticas del agonista receptor de la dopamina
pramipexol y mds particularmente a formas de dosificacion de
liberacion prolongada adecuadas para la administracion de pramipexol
en una dosis Unica diaria. Estas dos anterioridades, D1 en los parrafos
0038 a 0040 y cjemplos 3, 5y 6 y D2 en los parrafos 0052 y 0056 y
ejemplos, definen con anterioridad tabletas de liberacion sostenida de
pramiexole para dosis diarias sencillas que comprende un polimero
hidrofilico y un almidon, preferiblemente con almidén pregelatinizado.
Estas dos anterioridades también revelan que las tabletas son
preferiblemente  comprimidas directamente y comprenden HPMC 'y
almidon pregelatinizado con base en lo que dictan los cjemplos; donde
también definen que pueden estar presentes en  la matriz
carboximetilcelulosa sodico o un carbémero. El documento DI
también revela que sin los pasos opcionales el método sélo comprende
una mezcla de los excipientes con pramipexole  para  después
comprimir dicha mezcla sin granular. Como se nota, cstas dos
anterioridades se anticipan a la formulacion de un comprimido de

liberacion  extendida que comprende pramipexol o una  sal
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farmacéuticamente aceptable del mismo en una matriz, comprendiendo
una matriz al menos dos polimeros que se hinchan en agua, donde uno
de dichos polimeros es almidon pregelatinizado y donde el otro de

dichos polimeros es un polimeros aniénico segin lo aqui reivindicado.

2.6. Por lo tanto, este documento objeto de oposicion a la luz de los

documentos D1y D2 carece evidentemente de NOVEDAD.

2.7.  En consecuencia y de acuerdo a lo descrito anteriormente, se deriva
que la solicitud colombiana 07012642 no puede pretender un
monopolio por patente toda vez que lo que pretende no cumple con

dos de los tres requisitos necesarios para su proteccion.

2.8.  Que por consiguiente, respecto a la solicitud pretendida se tiene

que:

2.8.1. CARECE DE NOVEDAD: Scgin la decision 486 de¢ la

Comunidad Andina de Naciones, Articulo 16.- “Una invencién se

considerard nueva cuando no estd comprendida en el estado de la técnica.

El estado de la técnica comprenderd todo lo que haya sido accesible al

publico por una descripcion escrita u oral, utilizacién, comercializacion o

| cualquier otro medio antes de la fecha de presentacion de la solicitud de

patente o, en su caso, de la prioridad reconocida.”. A la fecha de
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2.8.2.

prioridad, 13 de agosto de 2004 ya cra conocido, pues como se
demostro, era parte del arte anterior con base en el documento D1y
D2, comprimidos de liberacion extendida que comprende
pramipexol o una sal farmacéuticamente aceptable del mismo ¢n
una matriz, comprendiendo una matriz al menos dos polimeros que
se hinchan en agua, donde uno de dichos polimeros ¢s almidon
pregelatinizado y donde el otro de dichos polimeros es un polimeros
anionico segun lo aqui reivindicado, sobre el cual busca proteccion

en el capitulo reivindicatorio.

CARENCIA DE APLICACION INDUSTRIAL La Decision 486

de la CAN consagra en su articulo 14 lo siguicnte: “Los paises
miembros otorgardn patentes para las invenciones, sean de producto o
procedimiento, en todos los campos de la tecnologia, siempre que sean
nuevas, tengan nivel inventivo y sean susceptibles de aplicacion industrial”.
La presente solicitud carece de aplicacion Industrial ya que como se
demostré anteriormente, algunas clausulas reclaman ¢l método
terapéutico y estos no son aplicables industrialmente porque
primero no se obtiene un producto o proceso; y segundo no cs
reproducible o repetible a escala industrial. Por lo tanto, el objeto
de la presente invencion referido a los usos y métodos terapéuticos,

no cumplen con el requisito de la aplicaciéon industrial.
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2.8.2.

prioridad, 13 de agosto de 2004 ya cra conocido, pues como se
demostrd, era parte del arte anterior con base en ¢l documento D1y
D2, comprimidos de liberacion extendida que  comprende
pramipexol o una sal farmacéuticamente aceptable del mismo en
una matriz, comprendiendo una matriz al menos dos polimeros que
s¢ hinchan en agua, donde uno de dichos polimeros es almidon
pregelatinizado y donde el otro de dichos polimeros ¢s un polimeros
aniénico segin lo aqui reivindicado, sobre el cual busca proteccion

en el capitulo reivindicatorio.

CARENCIA DE APLICACION INDUSTRIAL La Decision 486

de la CAN consagra en su articulo 14 lo siguiente: “Los paises
miembros otorgardn patentes para las invenciones, sean de producto o
procedimiento, en todos los campos de la tecnologia, siempre que sean
nuevas, tengan nivel inventivo y sean susceptibles de aplicacion industrial”.
La presente solicitud carece de aplicacion Industrial ya que como se
demostrd anteriormente, algunas cliusulas reclaman ¢l método
terapéutico y estos no son aplicables industrialmente porque
primero no se obtiene un producto o proceso; y scgundo no s
reproducible o repetible a escala industrial. Por lo tanto, ¢l objeto
de la presente invencion referido a los usos y métodos terapéuticos,

no cumplen con el requisito de la aplicacion industrial.
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2.9. Dado lo anterior, es posible deducir que la solicitud y lo

reivindicado no es objeto de patentabilidad pues es contrario a lo que
dicta la Decision 486 de la Comunidad Andina de Naciones, Articulo
14.- “Los Paises Miembros otorgardn patentes para las invenciones, sean de
producto o de procedimiento, en todos los campos de la tecnologia, siempre que
sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacion
industrial.”. La solicitud pretendida no cumple con dos de los tres

requisitos de patentabilidad.

2.10. Por todo lo anterior, atentamente solicito a usted que se sina A
declarar fundada la presente oposicion y negar ¢l registro Patente de
invencion denominada “FORMULACION DE COMPRIMIDOS DE
LIBERACION EXTENDIDA QUE CONTIENE PRAMIPEXOL O
UNA SAL FARMACEUTICAMENTE ACEPTABLE DEL MISMO,

UN METODO PARA SU FABRICACION Y SU USO”, cuyo titular
¢s BOEHRINGER INGELHEIM PHARMA GMBH, solicitud
Colombiana que aparecid publicada en la Gaceta de la Propicdad

Industrial N° 587 del 18 de enero de 2008.
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3. PRUEBAS

De conformidad con lo dispuesto por las normas vigentes, solicito a

usted tener como prueba en este asunto los siguicentes:

e DI1: WO2004010997 publicada el 5 de febrero de 2004.
o D2: WO2004010999 publicada el 5 de febrero de 2004.

\
4. FUNDAMENTO DE DERECHO
Fundamento esta observacion en las normas legales siguientes:
4.1.  Numeral 1 del articulo 586 del Codigo de Comercio.
A

4.2. Articulo 42 de la Decision 486 de la Comision del Acuerdo de

(Cartagena.

4.3.  En las demds normas concordantes.

5. ANEXOS
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Para los efectos correspondientes anexo al presente escrito los siguientes

documentos:

1. Poder para actuar en el presente.

2. Documento que acredita al representante legal de GYNOPHARM
S.A.

3. Recibo de caja del respectivo pago de tasa.

4. Copias de los documentos:

e DI: WO2004010997 publicada el 5 de febrero de 2004.
o D2: WO2004010999 publicada el 5 de febrero de 2004.
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6. NOTIFICACIONES

Para cfectos de notificaciones que por disposicion del articulo 50 del
Decreto 01 de 1984 debe hacer su Despacho, informo que wmi
representada y la suscrita recibiremos notificaciones en la Secretaria de su
Despacho o en mis oficinas situadas en la Carrera 13 Ne 119:95, Of. 104

de esta ciudad de Bogots.
Senor Superintendente,

ELIANA ISAURA MORENO BOHORQUEZ
C.C. 51'975.664 de Bogota
T.P.A. 83823 del C.S. de la ].
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CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS .

EN JUNIO DE ESTE A?0 SE ELEGIR? JUNTA DIRECTIVA DE LA C?MARA DE
COMERCIO. LAS INSCRIPCIONES DE CANDIDATOS DEBEN HACERSE EN LA PRIMERA
QUINCENA DE MAYO. PARA INFORMACI?N DETALLADA DIRIGIRSE A LA SEDE
PRINCIPAL O COMUNICARSE AL SIGUIENTE TELEFONO: 3303911.

EL SUSCRITO SECRETARIO DE LA CAMARA DE COMERCIO DE BARRANQUILLA, CON
FUNDAMENTO EN LAS INSCRIPCIONES DEL REGISTRO MERCANTIL:

CERTIFICA

Que por Escritura P?blica No. 3,551 del 17 de Dic/bre de 1997,
otorgada en 1la Notaria 3a. de Barranquilla, inscrito(as) en esta
C?mara de Comercio, el 18 de Dic/bypé de 1997 bajo el No. 72,965 del
libro respectivo, fue constituida lg sociedad-----=-=-==ccoocoo.
anonima denominada GYNOPHARM S.Af —--ccomoom oo

CERTIFICA

Que dicha sociedad ha sido reformada por las siguientes escrituras

y/o documentos privados:

Numero aaaa/mm/dd Notaria No. Insc o Reg aaaa/mm/dd
532 1999/03/25 Notaria 3a. de Barranquilla 80,373 1999/04/13

CERTIVFICA

Que de acuerdo con la(s) escritura(s) arriba citada(s), la sociedad
se rige por las siguientes disposiciones:

DENOMINACION O RAZON SOCIAL:

GYNOPHARM S . A . - = - - o m s oo e o oo o oo
DOMICILIO PRINCIPAL: Barranquilla.

NIT No: 802.006.279-4.

MATRICULA MERCANTIL: 245,470.

CERTIPFICA
Direccion para notificaciones judiciales:
CL 80 No 78 B - 201.
De la ciudad de Barranquilla.

CERTIFICA

DURACION: El t?rmino de duraci?n de la sociedad se fij? hasta el
16 de Dic/bre de 2047.

CERTIFICA

*%% CONTINUA ***

1

. At £



CERTIFICADO NACIONAL
CAMARA DE COMERCIO DE BARRANQUILLA
Fecha : 20080408 Hora Certificado 11:50:55

Operacion : 02CP20408022 PAGINA No. 2

dhkdkdhhkhkhkhhhhhkdhhkhkhhhkhkhkhhkhhkhhhkhhhkhkhhhhdhdhdhdhkdrhdhhhhhhhhhhhhkhhdhhhhdrhrhhhhbhhhkk

OBJETO SOCIAL: a) La fabricacion de capsulas y otro productos simi-
lares a partir de materiales tales como gelatinas u otros de distin-
ta naturaleza, que puedan ser utilizados como envases o recipientes
de productos vy sustancias quimicas, farmaceuticas y cosmeticas, para
uso y consumo humano y veterinario. b) La investigacion, desarrollo
y fabricacion de toda clase de productos y sustancias quimicas, far-
maceuticas y cosmeticas para uso y consumo humano, animal y vegetal.

c) La compra y venta de meterias primas , insumos y productos inter-
medios necesarios para los procesos de fabricacion de sustancias
quimicas, farmaceuticas y cosmeticas, asi como la comercializacion
interna y externa de los productos terminados. d) La compra, venta,
importacion, exportacion y distribucion de toda clase de elementos
instrumentales y equipos, medicos, quirurgicos, odontologicos y hos-
pitalarios para 1la salud humana y animal. e) Actuar como represen-
tante o agente de personas naturales y juridicas nacionales y ex-
tranjeras en la realizacion de operaciones o transacciones relacio-
nadas con la industria farmaceutica y en especial con cualesquiera
de las actividades descritas en los literales a), b), c¢) y d) antes
transcritos. f) Prestar los servicios de asesoria y consultoria en
las areas administrativa, de mercadeo, analisis clinico, asistencia
tecnica, investigacion, costos y produccion exportaciones, importa-
ciones, ventas, relacionadas con iguales o similares actividades a
las que constituyen el objeto de GYNOPHARM S.A., asi como los de pu-
blicidad y promocion de productos quimicos, cosmeticos y farmaceuti-
cos para uso humano, animal o industrial. g) Adquirir, operar, admi-
nistrar y explotar, a cualquier titulo,empresas o establecimientos
dedicados a la investigacion, desarrollo, fabricacion o comerciali-
zacion de productos quimicos, farmaceuticos, hospitalarios o cosme-
ticos. En desarrollo de su objeto principal, la sociedad podra to-
mar interes social como accionista, socio o fundador de empresas que
tengan igual o similar objeto; comprar, vender, importar y exportar
magquinarias, insumos y repuestos requeridos para el desarrollo de
sus actividades; tomar dinero en prestamo,financiar y garantizar las
operaciones comerciales que celebre con terceros relativas a su ob-
jeto; celebrar y ejecutar todo tipo de actos y contratos necesarios
para desarrollar sus operacioes; girar, aceptar, otorgar y protestar
tode tipo de titulos valores e instrumentos negociables; comprar,
vender y constituir gravamenes sobre bienes muebles e inmuebles; de-
signar representantes o apoderados en el pais y en el exterior y, en
general, realizar cualquier acto o negocio que sea necesario o con-
veniente para el desarrocllo de su objeto social y para la mejor pro-
teccion de sus intereses corporativos o lo de sus socios.-----------

CERTIVFICA
CAPITAL Nro Acciones Valor Acci?n
Autorizado

Shkkkkkkkk*4 000,000,000 **kxkkkdkknkkq 000,000 **kkkkkkdkksrkx*x*%] 000
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Suscrito -
ShkkkkkkkxxD 672,646,000 *kkkkkkkkkkk*kD 672,646 *kkkkkkkxkkkkkkx*x] 000
Pagado

Skrkkkkkxk%D 672,646,000 *kkkkkkkkkkkkkD 572,646 **kkkkkkxkkkk*kkxx1 000

CERTIVFTICA

ADMINISTRACION: Seran funciones de la junta directiva, entre otras:

Autorizar cualquier acto o contrato cuya cuantia sea superior al
equivalente en pesos Colombianos a cincuenta mil dolares de los Es-
tados Unidos de America (US$50.000.00), liquidados a la tasa de cam-
bio representativa del mercado vigente el dia en que se surta la
aprobacion y para enajenar o gravar bienes inmuebles y demas activos
fijos de 1la sociedad, cualquiera que sea la cuantia de la transac-
cion. Las demas que le sean propias y no esten atribuidas a otro or-
gano social vy las que le correspondan en virtud de la ley. la socie-
dad tendra un Gerente General, quien ejercera la administracion y
representacion legal de la sociedad y tendra las siguientes atribu-
ciones, entre otras: Ejercer la representacion legal de la sociedad
en todos 1los actos y contratos que se requieran para el desarrollo
del objeto social, de conformidad con lo previsto en las leyes y en
los presentes estatutos. Aprobar y celebrar en nombre de la sociedad
todo acto o contrato cuya cuantia sea igual o inferior al equivalen-
te en pesos Colombianos a cincuenta mil dolares de los Estados Uni-
dos de America (US$50.000.00), liquidados a la tasa de cambio repre-
sentativa del mercado vigente el dia en que se surta la aprobacion o
celebracion del acto. Para enajenar, a cualguier titulo, bienes in-
muebles de la sociedad o constituir gravamenes sobre los mismos, de-
bera obtener la aprobacion de la junta directiva, cualquiera que sea
la cuantia de 1la transaccion; o las demas funciones que le corres-
pondan como representante legal por disposicion de la ley, de estos
estatutos o de 1la junta directiva. El Gerente General tendra un su-
plente, designado por 1la junta directiva, quien lo reemplazara con
identicas facultades en sus faltas temporales, absolutas o meramente

acciedentales, sin que sea necesario para ello acreditar la ausencia
del pPrincipal . —-- - o e -

CERTIVFTICA

Que seg?n Acta No. 15 del 18 de Febrero de 2008 correspondiente a
ia Asamblea de Accionistas en Bogota, de la sociedad:

GYNOPHARM S i e
cuya parte pertinente se inscribi? en esta C?mara de Comercio, el
25 de Febrero de 2008 bajo el No. 137,919 del libro respectivo, fueron
hechos los siguientes nombramientos:

CLASE: JUNTA DIRECTIVA

*** CONTINUA **%*
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Principales

1. Llobet Poal Manuel CC.*¥*x*x%x%%x14 670,196

2. Zanatta Reherman Leonardo Andres CC.*¥*kx**k*x) 760,271

3. Munoz Marroquin Diego CC.*x*kkk*x%x7] £88,292

4. Montealegre Gonzalez Andres Leonardo CC.*x**%x*%79 950,262
Suplentes

1. Agudelo Pelaez Luis Hernando CC.***x%%x%14 238,997

2. Aroca Almanza Arleth Ayelina CC.***%%*x36 718,415

3. Penaranda Urbina Adriana Paola CC.***x%*%%53 120,683

4. tovar Vasquez Ruth CC.*¥*x*x%kx*52 175,756

CERTIFICA

Que seg?n Acta No. 18 del 30 de Octubre de 2003 correspondiente a
la Junta Directiva en Barranquilla, de la sociedad: GYNOPHARM S.A.
cuya parte pertinente se inscribi? en esta C?mara de Comercio, el
06 de Nov/bre de 2003 bajo el ;No. 107,783 del libro respectivo,
fueron hechos los siguientes nombrapientos:

Cargo/Nombre Identificaci?n
Gerente General.
Palacios Aragon Luis Alberto CE.****%x*%*%319 788

CERTIFICA

Que seg?n Acta No. 49 del 03 de Marzo de 2008 correspondiente a la
Junta Directiva en Barrangquilla, de la sociedad: GYNOPHARM S.A.
cuya parte pertinente se inscribi? en esta C?mara de Comercio, el
11 de Marzo de 2008 bajo el No. 138,342 del libro respectivo,
fueron hechos los siguientes nombramientos:

Cargo/Nombre Identificaci?n
Suplente del Gerente.
Mollajoli Centurion Andres Fernando CE.*%%%%x%%%%35] 283

CERTIFICA

Que seg?n Acta No. 2 gael 13 de Enero de 1998 correspondiente a la
Asamblea de Accionistas en Barranguilla, de la sociedad: GYNOPHARM
S.A. cuya parte pertinente se inscribi? en esta C?mara de Comercio,
el 20 de Enero de 1998 bajo el No. 73,393 del libro respectivo,
fueron hechos los siguientes nombramientos:

Cargo/Nombre [dentiticaci?n
Revisor Fiscal Ppal.
Barros Cera William Alberto CC.¥**kkkk*xg8 715 941
Suplente del Revisor Fiscal.
Duarte Diaz David CC.*****x%73 115 965

CERTIFICA

*#%% CONTINUA ***
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Que segun Documento Privado de fecha 10 de Octubre del 2.000, ins-
crito en esta Camara de Comercio el 23 de Noviembre del 2.000 bajo
el No. 1.872 del 1libro repectivo, consta que el senor RUBEN MINSKI
GONTOVNIK C.C. No. 7.463.982, actuando como Presidente Yy represen-
tante legal de la sociedad GYNOPHARM S.A., otorga Poder Especial,
Amplio y Suficienta a KAREN JENNIFER FIGUEROA GARCIA C.C. No. 32.-
732.070, para gque en nombre y representacion de la sociedad suscri-
ba todas las declaraciones cambiarias a que esta obligada GYNOPHARM
S.A., en el giro normal de sus negocios y operaciones sociales.-----

CERTIFICA

Que segun Documento Privado de fecha 10 de Octubre del 2.000, ins-
crito en esta Camara de Comercio el 12 de junio del 2.002, bajo el
2.164 del 1libro respectivo,consta que el senor JORGE CASTELLANOS
MARTINEZ, identificado con C.C.No0.19.460.089,actuando como represen-
tante legal de la sociedad GYNOPHARM S.A, otorga Poder Especial Am-
plio y Suficiente a KAREN FIGUEROA GARCIA, identificada con la ce-
dula de ciudadania No.32.732.070 de Barranguilla, mediante docu-
mento privado de octubre 10/2000, inscrito en 1la Camara de Comer-
cio de Barranquilla bajo el No.1.872 del 1libro respectivo, para
que en representacion de GYNOFARM S.A, suscriba 1las declaracio-
nes cambiarias a los que esta obligada GYNOFARM S.A. en el giro
ordinario de sus negocios y operaciones sociales.---------e-mmmooon

CERTIFICA
Que en esta C?mara de Comercio no aparecen inscripciones posteriores
de documentos referentes a reforma, disoluci?n, liquidaci?n o
nombramientos de representantes legales de la expresada sociedad.
CERTIFICA
Que su ?ltima Renovaci?n fue el: 23 de Marzo de 2007.

Certificados de Matr?cula, la de contratos sujetos a registro, en
Certificados Especiales.

*** MATRICULA SIN RENOVAR **=*
**%* MATRICULA SIN RENOVAR ***

|
|
La informaci?n sobre embargos de establecimiento se suministra en
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- Gynopharm
The primary support
for the woman's health specialist

% ESPECIAL

Yo, LUIS PALACIOS ARAGON, mayor de edad y vecino de la ciudad de Barrphquilla
(Colombia), identificado como aparece al pie de mi firma, quien en el presente dgcumento
actia en calidad de Representante Legal de la sociedad GYNOPHARM S.A. sociedad
legalmente constituida y domiciliada en la ciudad de Barranquilla (Colombia), por el
presente documento otorgo a la doctora ELIANA ISAURA MORENO BOHORQUEZ,
abogada en ejercicio, identificada como aparece al pie de su/firma, con tarjeta profesional
No. 83823 del C.S. de 1aJ., poder especial, amplio y sufici?\{,’ para formular oposiciones u
observaciones a la solicitud de patente No. 07.012.642; titulada “FORMULACION DE
COMPRIMIDOS DE LIBERACION EXTENDIDA QUE CONTIENE
PRAMIPEXOL O UNA SAL FAR_MACEUTICAMENTE ACEPTABLE DEL
MISMO, UN METODO PARA SU FABRICACION Y SU USO”, cuyo titular
es BOEHRINGER INGELHEIM INTERNATIONAL GMBH, publicada en la gaceta
No. 587 del 18 de enero de 2008.

Nuestro apoderado queda facultado, de manera expresa, para realizar todo tipo de actos
necesarios para llevar a cabo el tramite de la oposicion, incluyendo, sin limitacion,
preparar y presentar solicitudes, hacer declaraciones, pagar tasas, contribuciones e
impuestos, recabar los titulos o certificados. Asimismo quedan autorizados para impugnar
administrativa y judicialmente todo lo que fuere resuelto en el expediente a que se hace
expresa referencia en el presente poder, con todas las facultades generales y especificas
que fuera requerido para ella.

De la misma manera, ademas de las facultades que le confiere la naturaleza del presente
mandato, se encuentran fatultados para recibir, desistir, transigir, sustituir, y reasumir el
presente poder, ingpar acgiones, interponer recusos y demas facultades conferidas por la

ley.

Dado y Firmado fn Barrgnquilla (Colombia) a los 07 dias del mes de Abril de 2008.

ELIANA ISAURA MORENO BOHORQUEZ
C.C. 51'975.664 de Bogota
T.P.A. 83823 del C.S. dela J.

Principal Bogota: Cra. 14 No. 94 - 44 Torre B, Piso 7 « PBX: 236 8495 « Fax: 236 8506

Barranquilla: Cra. 49C No. 80 - 125 Of.: 512 Centro Médico Continental » Telefax: (5) 373 8280
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SUSTAINED-RELEASE TABLET COMPOSITION OF PRAMIPEXOLE

FIELD OF THE INVENTION
[0001]  The present invention relates to tablet formulations, and more particularly to a
sustained-release tablet composition for oral delivery of a water-soluble drug or prodrug,

exemplified by pramipexole dihydrochloride.

BACKGROUND OF THE INVENTION
[0002]  Many active pharmaceutical agents, including drugs and prodrugs, have been A
formulated as orally deliverable dosage forms providing sustained release (otherwise
known as slow release or extended release) of such agents over a period of time effective
to permit once daily administration. A well-known system for formulating such dosage
forms involves a matrix comprising a hydrophilic polymer wherein the agent is dispersed,;
the agent is released over a period of time in the gastrointestinal tract upon dissolution or
erosion of the matrix. Sustained-release dosage forms comprising such a matrix system
are conveniently prepared as compressed tablets, described herein as “matrix tablets”.
[0003] Drugs and prodrugs having relatively high solubility in water, for example a
solubility of about 10 mg/ml or greater, present challenges to the formulator wishing to ‘
provide a sustained-release dosage form, and the higher the solubility the greater are the
challenges. These challenges are well illustrated in the cases of pramipexole "
dihydrochloride, which has a solubility in water of about 200 mg/ml.
[0004]  Pramipexole (1) is a dopamine D, receptor agonist useful in treatment of
Parkinson’s disease. Pramipexole as its dihydrochloride salt is commercially available in
the United States as Mirapex® tablets of Pharmacia & Upjohn. These are immediate-
release tablets in 0.125 mg, 0.25 mg, 0.5 mg, 1.0 mg and 1.5 mg strengths, designed for
oral administration of a single tablet three times per day to provide a daily dose of 0.375
to 4.5 mg. See Physicians’ Desk Reference 57th edition (2003), 2768-2772. Doses
herein are expressed in amounts of pramipexole dihydrochloride monohydrate unless
otherwise specified; 1.0 mg pramipexole dihydrochloride monohydrate is equivalent to

about 0.7 mg pramipexole base.
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[0005] A three times daily dosing regimen for immediate-release pramipexole
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dihydrochloride tablets is well tolerated, but patient compliance would be much improved
if a once-daily regimen were possible. In this regard, it will be noted that the primary
indication for the drug, Parkinson’s disease, is an affliction that becomes more prevalent
with advancing age and is often accompanied by decline in memory. A once-daily
regimen would be especially useful in enhancing compliance among elderly patients.
[0006] It has been found by the present inventors that formulation of pramipexole
dihydrochloride in a hydrophilic matrix tablet is generally inadequate to provide
sustained-release properties consistent with once-daily dosing. Release characteristics
can be further modified by coating the tablet with a sustained-release coating. Such a
coating typically comprises a hydrophobic polymer and a hydrophilic pore-former.
[0007]  The need to provide a coating over the matrix tablet gives rise to further
problems. The additional handling operations involved in a coating step require a
sufficient degree of tablet hardness to avoid tablet breakage and/or attrition during these
operations, particularly in a high-speed manufacturing situation.
[0008] It has proved difficult to formulate a tablet having a suitable combination of
sustained-release and handling properties, where the drug is one having relatively high
solubility, as in the case of pramipexole dihydrochloride.
[0009] U.S. Patent No. 6,197,339 discloses a sustained-release tablet comprising (R)-
5,6-dihydro-5-(methylamino)-4H-imidazo[4,5-ij]-quinolin-2(1H)-one (Z)-2-butenedioate
(1:1) (sumanirole maleate) in a matrix comprising hydroxypropylmethylcellulose

" (HPMC) and starch. The tablet is disclosed to be useful in treatment of Parkinson’s
disease. Starches disclosed to be suitable therein include pregelatinized starch.
[0010]- - - U.S:Patent No. 5;458,887 discloses a controlled-release tablet.comprising an
osmotic core that consists of a drug in admixture with a water-swellable component such
as HPMC or polyethylene oxide, and a coating that comprises a water-resistant polymer
and a minor amount of a water-soluble compound that acts as a pore-former. Upon
formation of pores in the coating by dissolution of the water-soluble compound, the
water-swellable agent is said to expand the core and provide a drug-rich surface in contact
with gastrointestinal fluid.
[0011] U.S. Patent No. 5,656,296 discloses a dual control sustained-release
formulation comprising a core that comprises a drug and a low melting point excipient,
and a coating layer over the core that comprises a pH-independent water-imsoluble

polymer and a water-soluble film-forming polymer.
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[0012]  European Patent Application No. EP 0 933 079 discloses a starch said to be
suitable for preparing tablets having high hardness yet being capable of rapid
disintegration in an aqueous medium. Tensile strength of the finished tablets is calculated
from the hardness.

[0013] Patents and publications cited above are incorporated herein by reference.
[0014] It is an object of the present invention to provide a sustained-release tablet
composition of a water-soluble salt of pramipexole that is suitable for once-daily oral
administration. Itis a further object to provide such a composition having sufficient
hardness to withstand a high-speed tableting operation, in particular to resist erosion
during application of a coating layer. It is a further object to provide a pharmaceutical
tablet comprising a water-soluble salt of pramipexole that provides day-long therapeutic

effect when administered once daily, without substantially increased incidence of adverse

side effects.

SUMMARY OF THE INVENTION
[0015]  There is now provided a sustained-release pharmaceutical composition in a
form of an orally deliverable tablet comprising a water-soluble salt of pramipexole,
dispersed in a matrix comprising a hydrophilic polymer and a starch having a tensile
sirength of at least about 0.15 kN cm™ at a solid fraction representative of the tablet. The
composition preferably exhibits sustained-release properties adequate to provide
therapeutic effectiveness when administered orally not more than once daily to a subject
in need thereof,
[0016]  There is further provided a method of treatment of a subject having a
‘condition or disorder for which a dopamine D, recéptor agonist is indicated, the method
comprising orally administering to the subject a sustained-release pharmaceutical
composition in a form of a tablet comprising a water-soluble salt of pramipexole
dispersed in a matrix comprising a hydrophilic polymer and a starch having a tensile
strength of at least about 0.15 kN cm™ at a solid fraction representative of the tablet.
10017} The term “water-soluble” herein means having solubility of at least about 10
mg/ml. Unless otherwise specified, “solubility” herein means solubility in water at 20--
25°C at any physiologically acceptable pH, for example at any pH in the range of about 4
to about 8. In the case of a salt, reference herein to solubility in water pertains to the salt,
not to the free base form of pramipexole.

[0018] “Solid fraction” is the ratio of absolute to apparent density of a compact of the
3
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starch. A “compact” herein is a compressed tablet, prepared for example on a tablet
press, consisting only of a sample of starch for which it is desired to measure tensile
strength.. A “solid fraction representative of the tablet” is a solid fraction selected to be
similar to the solid fraction of tablets prepared according to the invention. Typically a
solid fraction of about 0.75 to about 0.85, illustratively 0.8, will be selected.

[0019] The term “orally deliverable” herein means suitable for oral, including peroral
and intra-oral (e.g., sublingual or buccal) administration, but tablets of the present
invention are adapted primarily for peroral administration, i.e., for swallowing, typically
whole or broken, with the aid of water or other drinkable fluid.

[0020] A “subject” herein is an animal of any species, preferably rnammalian, most
preferably human. Conditions and disorders in a subject for which a particular agent is
said herein to be “indicated” are not restricted to conditions and disorders for which the
agent has been expressly approved by a regulatory authority, but also include other
conditions and disorders known or believed by a physician to be amenable to treatment
with the agent. “Treatment” herein embraces prophylactic treatment unless the context

requires otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Fig. 1 is a graph showing relationship of tensile strength of pregelatinized
starch lots, as determined by a test method of the invention using a 4 second dwell time
(Example 1 herein) to triaxial tensile strength.
[0022]  Fig. 2 is a graph showing relationship of tensile strength of pregelatinized
starch lots, as determined by a test method of the invention using a 90 second dwell time
(Example 1 herein) to triaxial tensile strength.
[0023]  Fig. 3 is a graph showing correlation of tensile strength of pregelatinized
starch lots with maximum hardness of tablets containing these lots.
[0024] Fig. 4 is a graph showing in vitro dissolution profiles of three different 0.375
mg sustained-release tablet formulations of pramipexole dihydrochloride monohydrate, as
more fully described in Example 10.
[0025]  Fig. 5is a graph from a human PK study showing time course of mean plasma
pramipexole concentration following oral administration of 0.375 mg pramipexole
dihydrochloride, either as a 0.125 mg immediate-release tablets administered three times
at 8-hour intervals or as a single 0.375 mg dose of each of three different sustained-

release tablets, as more fully described in Example 10.
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[0026]  Fig. 6 shows in vitro/in vivo correlation for the 0.375 mg pramipexole \
dihydrochloride tablets of Example 5.

[0027] Fig. 7 shows in vitro/in vivo correlation for the 0.375 mg pramipexole

dihydrochloride tablets of Example 6.

[0028]  Fig. 8 shows in vitro/in vivo correlation for the 0.375 mg pramipexole

dihydrochloride tablets of Example 9.

DETAILED DESCRIPTION OF THE INVENTION
[0029]  Inone embodiment, the invention provides a pharmaceutical composition in a
form of an orally deliverable tablet comprising a water-soluble salt of pramipexole.
[0030] Preferred salts have solubility not less than about 50 mg/ml, more preferably
not less than about 100 mg/ml.
[0031] It will be understood that mention of pramipexole or a salt thereof herein
embraces racemates, enantiomers, polymorphs, hydrates and solvates thereof.
[0032] Pramipexole (1) is used preferably in the form of its S-enantiomer, (S)-2-
amino-4,5,6,7-tetrahydro-6-(propylamino)-benzothiazole. A preferred salt of
pramipexole is the dihydrochloride salt, most preferably in the form of the monohydrate.
[0033]  Pramipexole compositions of the invention are preferably suitable for
administration no more than once daily. Such compositions are useful in treatment of any
CNS condition or disorder for which pramipexole has therapeutic utility, but especially
Parkinson’s disease and complications associated therewith.
[0034] Pramipexole and its salts useful herein can be prepared by processes known
per se, including processes disclosed in patents and other literature pertaining to
pramipexole.
[0035]  The amount of the pramipexole salt present in a composition of the invention
is sufficient to provide a daily dose in one to a small plurality, for example one to about 4,
of tablets to be administered at one time. Preferably the full daily dose is delivered in a
single tablet.
[0036] An amount of pramipexole salt, expressed as pramipexole dihydrochloride
monohydrate equivalent, of about 0.1 to about 10 mg per tablet, or about 0.05% to about
5% by weight of the composition, will generally be suitable, Preferably an amount of
about 0.2 to about 6 mg, more preferably an amount of about 0.3 to about 5 mg, per tablet
is present. Specific dosage amounts per tablet contemplated herein include 0.375, 0.5,
0.75,1.0,1.5,3.0 and 4.5 mg pramipexole dihydrochloride monohydrate.
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[0037} A composition of the present invention comprises a pramipexole salt as
defined above, dispersed in a matrix comprising a hydrophilic polymer and a starch
having a tensile strength of at least about 0.15 kN cm™ at a solid fraction representative of
the tablet, for example about 0.75 to about 0.85, illustratively 0.8.

[0038]  Hydrophilic polymers useful herein are pharmaceutically acceptable

polymeric materials having a sufficient number and distribution of hydrophilic
substituents such as hydroxy and carboxy groups to impart hydrophilic properties to the |
polymer as a whole. Suitable hydrophilic polymers include, without limitation, i
methylcellulose, HPMC (hypromellose), carmellose (carboxymethylcellulose) sodium 3
and carbomer (polyacrylic acid). More than one such polymer can optionally be used.s

[0039] HPMCisa preferréd hydrophilic polymer. Various types and grades of

HPMC are available. In one embodiment HPMC type 2208, preferably meeting

specifications set forth in a standard pharmacopeia such as USP 24, is used. HPMC type

2208 contains 19~24% by weight methoxy and 4-12% by weight hydroxypropoxy

substituents. Especially suitable HPMCs have nominal viscosity ranging from about 100

to about 10,000 mPa s; illustratively a sluitable HPMC type 2208 is one having a nominal b |
viscosity of about 4,000, with a measured viscosity of about 3,000 to about 5,600 mPa s.

Such an HPMC is available, for example, as Methocel® K4MP from Dow Chemical Co.,

and substantially equivalent products are available from other manufacturers.

[0040]  The amount of hydrophilic polymer in the composition depends on the

particular polymer selected, on the active pharmaceutical agent and on the desired

sustained release profile. Typically, however, the hydrophilic polymer is included in an |
-amount of about 20% to about 70%, preferably about 30% to about.60% and more
preferably about 35% to about 50%, by weight of the composition. In the illustrative case

of HPMC type 2208, a suitable amount will generally be found in the range from about i
30% to about 60%, preferably about 35% to about 50%, for example about 40%, by

weight of the composition, \

[0041] It is believed, without being bound by theory, that the hydrophilic polymer

functions to provide extended or sustained release of the pramipexole, for example by

gradual dissolution or erosion of the polymer in the gastrointestinal tract.

[0042] Starches useful hercin include starches from any suitable botanical source, for

example corn, wheat, rice, tapioca, potato, efc. Preferred starches have a relatively high

ratio of amylose to amylopectin, containing for example at least about 20%, more
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preferably at least about 25%, amylose. Especially preferred is pregelatinized starch,
which is a type of modified starch that has been processed to render the starch more
flowable and directly compressible. Partially or wholly pregelatinized starches can be
used.

[0043] It is believed, without being bound by theory, that the primary function of the
starch in a composition of the invention is as a binding agent. A starch meeting the
tensile strength criterion defined herein can be referred to as a “super binder”.

{0044]  The amount of starch in the composition is typically higher than is
conventionally present as a binder in tablet formulations. Suitable amounts will generally
be found in the range of about 25% to about 75% by weight. Preferably the amount of
starch is about 40% to about 70%, more preferably about 45% to about 65%, for example
about 50%, by weight of the composition.

[0045]  Tensile strength of a starch sample can be measured by any suitable test.
Mustrative test procedures are described by Hiestand & Smith (1984), Powder
Technology 38, 145159, and by Hiestand & Smith (1991), International Journal of
Pharmaceutics 67, 231-246, these articles being incorporated herein by reference.

[0046]  An example of a tensile strength test that can be used (herein referred to as a
“triaxial tensile strength test”) requires preparation of a series of compacts of the starch
sample, followed by determination of tensile strength of the compacts using a
computerized multifunction tablet tester (MTT). The compacts are prepared with various
degrees of compression force to provide compacts having a range of solid fraction. Asa
sustained release tablet formulation typically has a solid fraction of about 0.8, it is useful
toprepare compacts approximating such a solid fraction.

[0047] Absolute density of the starch sample can be determined using a helium-air
pycnometer.

[0048] A computer-controlled triaxial tablet press is used to prepare the compacts.
Voltage output from the punch and die load cells of the tablet press are first zeroed. The
punch and die are lubricated with magnesium stearate powder and the die assembly is
placed in the press. Compression and decompression parameters are selected on the
computer. The desired amount of starch to be compacted is weighed and poured into the
die cavity. The resulting powder bed is leveled with a spatula. The punch is inserted into
the die and the computer-controlled compression/decompression cycle is started.

[0049]  Just prior to the end of the compression phase, thickness of the compact as
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measured by LVDT (linear variable differential transformer) is recorded. At the end of
the compression phase, the final compression force as measured by voltage of the punch
load cell is recorded.

[0050] At the end of the decompression phase, the punch and die rams are retracted.
The compact is removed from the die and inspected for defects, such as cracking or
sticking. Cracking can be reduced by increasing decompression time. If the compact is
free of defects, its length, width, thickness and weight are measured to enable calculation
of apparent density. Solid fraction is calculated by dividing absolute density by apparent
density.

[0051]  In preparation of the MTT for tensile strength determination, a suitable
software program is run. The platen is screwed to the load cell of the MTT and the
tensile strength assembly is slid into the MTT opposite the platen. The load cell signal is
monitored via the computer and the zero offset on the signal conditioner is adjusted to
provide a positive baseline voltage as close as possible to zero. A forward velocity is
selected that will generate a time constant of approximately 15 seconds (usually the
velocity selected will be about 0.8 to about 1.2 mm s™7).

[0052)  The compact to be tested is placed in the holder of the tensile strength
assembly. The motor is initiated via the computer, driving the platen toward the compact
until the surface of the compact is detected, and stopping the platen a few millimeters
from the compact. The oscilloscope is triggered, to record the force applied to the
compact, and the motor is restarted. The platen is driven into the compact until a crack is
detected, either by sight or by sound, and the motor is immediately reversed.

0053]  Peak force is recorded from the oscilloscope trace. Tensile strength is
calculated from the peak force using appropriate computer software.

[0054] From several runs using compacts at a range of solid fractions around 0.8, data
are plotted and tensile strength at a solid fraction of 0.8 is estimated. If the tensile
strength at a solid fraction of 0.8 is about 0.15 kN cm™ or greater, the starch sample is
deemed to be suitable for use in preparing a composition according to the invention.
[00S5] It has now surprisingly been discovered that a much simpler test, one that is
more amenable to implementation in a manufacturing setting, can be used to estimate
tensile strength of a starch sample, in particular to determine whether the starch sample

has a tensile strength of at least about 0.15 kN cm™ at a solid fraction representative of a

desired sustained-release tablet.
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[0056]  According to this test, compacts of the starch sample are prepared on a
standard automated tablet press under a range of compression forces. For example, a
Carver press (e.g., Model 3888.1DT0000) fitted with flat-faced tooling of suitable
diameter (e.g., 10/32 inch or about 0.7 cm for a 300 mg compact), operated at
compression forces of about 4 to about 16 kN (about 900 to about 3600 Ibf) for a dwell
time of at least about 4 seconds has been found to give satisfactory results. Iltustratively,
such compacts can be prepared at 1000, 1500, 2000 and 3000 Ibf (4.45, 6.67, 8.90 and
13.34 kN). Preferably a dwell time of at least about 10 seconds, more preferably at least
about 30 seconds, still more preferably at least about 60 seconds, is used. Ilustratively, a
dwell time of 90 seconds has been found to give satisfactory results. Weight, diameter
and thickness of each compact are measured accurately (alternatively, diameter can be
assumed to equal that of the tooling) to enable calculation of apparent density and hence
solid fraction, absolute density having been measured as described above, for example by
helium-air pycnometry.
[0057]  Hardness of each compact thus prepared is then determined by any suitable
tablet hardness test, for example using a Key HT 500 hardness tester. Hardness is a
measure of the force required to cause crushing of the compact, and is typically expressed
in units such as kiloponds (kp) or Strong-Cobb units (SCU). A hardness of about 10.2 kp
or about 14.4 SCU corresponds to a force of 0.1 kN.
[0058]  For present purposes it is considered that crushing strength of the compact is
equivalent to tensile strength. Thus tensile strength (or, in KN cm™®) can be calculated
from the equation |

or = 2F/=xDH
where F is the force required to cause crushing (in kN), D is diameter of the corpact (in
cm) and H is thickness of the compact (in cm). For example, a compact of diameter 0.7
cm and thickness 0.4 cm having a hardness of 20 SCU (equivalent to a force of 0.139 kN)
has a calculated tensile strength of 0.316 kN cm™.
[0059]  The relationship between tensile strength and solid fraction is next established
for the starch sample. This can be done by plotting data for tensile strength and solid
fraction on a graph (solid fraction tends to increase with increasing compression force
during preparation of the compact) or by performing a regression analysis. From that
relationship, tensile strength at a standardized value of solid fraction can be estimated.

The standardized value selected is one that is representative of the solid fraction of a
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desired sustained-release tablet, e.g., 0.8.

[0060]  Where the material of the compact is pregelatinized starch, it has been found
that tensile strength as determined in a simple test as described immediately above is
surprisingly close to a “true” tensile strength measurement as determined by the triaxial
tensile strength test method previously described, which in turn is essentially similar to
methods known in the art such as that disclosed by Hiestand & Smith (1984), op. cit.
[0061] It has also been found that a longer dwell time (e.g., 90 seconds) in the test
method of the present invention gives a better correlation with triaxial tensile strength
than a very short dwell time (e.g., 4 seconds). See Example 1 below and Figs. 1 and 2.
[0062]  An especially preferred starch has a tensile strength of at least about 0.175 kN
cm”, even more preferably at least about 0.2 kN ¢m™?, at a solid fraction representative of
a desired sustained-release tablet.

[0063]  Even among commercially available pregelatinized starches, the preferred
type of starch for use in a composition of the invention, considerable variation exists in
tensile strength. Pregelatinized starches not meeting the tensile strength criterion
established herein are not readily identified without testing, for example by a method as
disclosed above. Such pregelatinized starches are generally unsuitable for commercial-
scale manufacture of a sustained-release matrix tablet formulation of a water-soluble drug
or prodrug, because of a problem as set forth immediately below.

[0064] An uncoated tablet, or a tablet core prior to coating, comprising starch and a
hydrophilic polymer acting as a matrix for a water-soluble drug or prodrug requires to
have a certain minimum hardness in order to be able to resist breakage and/or attrition
due to mechanical stresses imposed during a high-speed tableting operation (including all
steps up to and including filling of the tablets into containers). The minimum acceptable
hardness will depend on a number of factors, including the severity of the mechanical
stresses, but is typically at least about 20 SCU, preferably at least about 22 SCU, more
preferably at least about 24 SCU (about 17 kp).

[0065]  Hardoess can be increased by increasing the compression force applied by the
tablet press, but only up to a certain level, At least in the case of tablets as described
herein, above a certain compression force, further increases in compression force give
little or no further increase in tablet hardness. There is, in other words, a maximum
hardness achievable by compression of a particular starch/hydrophilic polymer/active

agent composition. A starch previding a maximum hardness inadequate to withstand the
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mechanical stresses of a high-speed tableting operation is unsuitable for the present
purpose. As shown in Fig. 3, certain pregelatinized starches have been found to provide a
maximum hardness of 20 SCU or less; these are now identified as starches having low
tensile strength (0.1 kN cm? or less according to the test method of the invention utilizing
a dwell time of 90 seconds).

[0066] Even if a maximum hardness of at least about 20 SCU is achievable, with a
starch of low tensile strength it may be achievable only by use of extremely high
compression forces. A requirement for such forces reduces speed and efficiency and
increases cost of a tableting operation and is undesirable for these reasons.

[0067]  Where tablets are to be subjected to an additional process step after
compression, in particular a coating step, exposure to mechanical stresses is greatly
increased. According to a preferred embodiment, therefore, the sustained-release tablet of
the invention further comprises a coating.

[0068]  For pramipexole salts of high water solubility as specified herein, a
hydrophilic polymer matrix can be inadequate to provide sustained release of sufficiently
long duration to permit once daily administration. It is believed that such salts are readily
leached out of the hydrophilic matrix when contacted by an aqueous medium such as
gastrointestinal fluid. It is therefore desirable to further slow the process of drug release
by providing a release-controlling coating around the tablet. Such a coating typically
comprises a hydrophobic or water-insoluble polymer component such as ethylcellulose
together with a hydrophilic or water-soluble pore-forming component such as HPMC.
[0069] Where a starch is used having a tensile strength of at least about 0.15 kN cm’?,
-preferably at least about 0.175 kN o2, more preferably at least about 0.2 kN cm?, ata
solid fraction representative of the tablet (e.g., about 0.75 to about 0.85), the composition
is found to be especially suited to a high-speed tableting operation that includes a step of
coating the tablet with a release-controlling layer.

[0070] Alternatives to ethylcellulose and HPMC as components of a release coating
layer include other cellulosic polymers (e.g., methylcellulose, hydroxypropylcellulose,
hydroxyethylcellulose, carboxymethylcellulose sodium, cellulose esters such as cellulose
acetate, efc.), polyvinyl acetate, polyvinyl pyrrolidone, polymers and copolymers of
acrylic acid and methacrylic acid and esters thereof, polyethylene glycol, carrageenan and
other gumus, and the like.

[0071) A release-controlling layer, if present, typically constitutes about 1% to about
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15%, preferably about 2.5% to about 10%, by weight of the tablet as a whole. The
hydrophobic or water-insoluble component, preferably comprising ethylcellulose,
typically constitutes about 1% to about 10%, preferably about 2% to about 7%, by weight
of the tablet as a whole. The pore-forming component, preferably comprising HPMC, is
typically present in an amount of about 5% to about 50%, preferably about 10% to about
40%, by weight of the water-insoluble or hydrophobic component.

[0072]  The coating, if present, can optionally contain additional pharmaceutically
acceptable excipients such as plasticizers, dyes, efc. A
(0073]  Illustratively, a release-controlling layer in an amount of about 2.5% to about
5% by weight of the tablet core (i.e., the tablet weight excluding the coating) comprises
an ethylcellulose-based material (e.g., Surelease® of Colorcon) and an HPMC-based
pore-forming material (e.g., Opadry® of Colorcon) in a weight ratio of about 3:1 to about
4:1.

[0074]  Arelease-controlling layer or coating should be applied at as uniform a
thickness as possible to provide optimum control of release rate of the pramipexole.
[0075] Alternatively or in addition, the sustained-release tablet of the invention
comprises a nonfunctional coating. A nonfunctional coating can comprise a polymer
component, for example HPMC, optionally with other ingredients, for example one or
more plasticizers, colorants, efc. The term “nonfunctional” in the present context means \
having no substantial effect on release properties of the tablet, and does not imply that the
coating serves no useful purpose. For example, such a coating can impart a distinctive
appearance to the tablet, provide protection against attrition during packaging and
transportation, improve ease of swallowing, and/or have other benefits. A nonfunctional
coating should be applied in an amount sufficient to provide complete coverage of the
tablet. Typically an amount of about 1% to about 10%, more typically an amount of
about 2.5% to about 5%, by weight of the tablet as a whole, will be found suitable.

[0076]  Uncoated tablets and corss of coated tablets of the invention can optionally
contain one or more pharmaceutically acceptable excipients in addition to the starch and
hydrophilic polymer components described above. Such excipients include without
limitation glidants and lubricants. Other conventional excipients known in the art can \
also be included.

[0077) A glidant can be used to improve powder flow properties prior to and during

tableting and to reduce caking. Suitable glidants include colloidal silicon dioxide,
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magnesium trisilicate, powdered cellulose, starch, talc, tribasic calcium phosphate and the
like. In one embodiment, colloidal silicon dioxide is included as a glidant in an amount
up to about 2%, preferably about 0.2% to about 0.6%, by weight of the tablet.

[0078] A lubricant can be used to enhance release of a tablet from apparatus on which
it is formed, for example by preventing adherence to the face of an upper punch
(“picking”) or lower punch (“sticking”). Suitable lubricants include magnesium stearate,
calcium stearate, canola oil, glyceryl palmitostearate, hydrogenated vegetable oil,
magnesium oxide, mineral oil, poloxamer, polyethylene glycol, polyvinyl alcohol, sodium
benzoate, sodium lauryl sulfate, sodium stearyl fumarate, stearic acid, talc, hydrogenated
vegetable oil, zinc stearate and the like. In one embodiment, magnesium stearate is
included as a lubricant in an amount of about 0.1% to about 1.5%, preferably about 0.3%
to about 1%, by weight of the tablet.

[0079]  Tablets can be of any suitable size and shape, for example round, oval,
polygonal or pillow-shaped, and optionally bear nonfunctional surface markings.
Especially in the case of coated tablets they are preferably designed to be swallowed
whole and are therefore typically not provided with a breaking score. Tablets of the
invention can be packaged in a container, accompanied by a package insert providing
pertinent information such as, for example, dosage and administration information,
contraindications, precautions, drug interactions and adverse reactions.

[0080]  There is also provided a method of treatment of a subject having a condition or
disorder for which a dopamine D- receptor agonist is indicated, the method comprising
orally administering to the subject a sustained-release pharmaceutical composition in a
form of a tablet comprising a water-soluble salt of pramipexole dispersed in a matrix
comprising a hydrophilic polymer and a starch having a tensile strength of at least about
0.15 kN cm at a solid fraction representative of the tablet. Preferably the composition is
administered no more than once daily.

[0081] In a particular embodiment, the condition or disorder is Parkinson’s disease or
a complication associated therewith.

[0082] Suitable daily dosage amounts include 0.375, 0.5, 0.75, 1.0, 1.5,3.0 and 4.5
mg pramipexole dihydrochloride monohydrate.

[0083]  Ina further embodiment, a composition of the invention is administered in
combination therapy with one ot more additional drugs or prodrugs. The term

“combination therapy” herein means a treatment regimen wherein the agent provided by
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the composition of the invention and a second agent are administered individually or
together, sequentially or simultaneously, in such a way as to provide a beneficial effect
from co-action of these therapeutic agents. Such beneficial effect can include, but is not
limited to, pharmacokinetic or pharmacodynamic co-action of the therapeutic agents.
Combination therapy can, for example, enable administration of a lower dose of one or
both agents than would normally be administered during monotherapy, thus decreasing
risk or incidence of adverse effects associated with higher doses. Alternatively,
combination therapy can result in increased therapeutic effect at the normal dose of each
agent in monotherapy. “Combination therapy” herein is not intended to encompass
administration of two or more therapeutic agents as part of separate monotherapy
regimens that incidentally and arbitrarily result in sequential or simultaneous treatment.
[0084]  Compositions of the invention can be especially suited to combination
therapies, particularly where the second agent is one that is, or can be, administered once
daily. There are significant advantages in patient convenience and compliance where
both components of a combination therapy can be administered at the same time and with
the same frequency. This is especially true in the case of geriatric patients or those
suffering memory impairment.

[0085] When administered simultaneously, the two components of the combination
therapy can be administered in separate dosage forms or in coformulation, i.e., in a single
dosage form. When administered sequentially or in separate dosage forms, the second
agent can be administered by any suitable route and in any pharmaceutically acceptable
dosage form, for example by a routc and/or in a dosage form other than the present
composition. In a preferred embodiment, both components of the combination therapy

are formulated together in a single dosage form.

EXAMPLES
Example 1

[0086] Tensile strength of six commercially obtained lots of pregelatinized starch was

determined using the triaxial tensile strength test procedure described hereinabove. Data

for tensile strength at a solid fraction of 0.8 are presented in Table 1.
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Table 1. Tensile strength of pregelatinized starch lots at a solid fraction of 0.8
(triaxial test procedure)

Lot | Tensile strength (kN cm™®)
0.323
0.220
0.074
0.119
0.287
0.236

NN R[N =

10087] A great variation in tensile strength of pregelatinized starches was observed,
ranging from 0.074 to 0.323 kN cm™. Lots 3 and 4, exhibiting the lowest values of
tensile strength, were from one manufacturer. Lots 1, 5 and 6, exhibiting the highest
values of tensile strength, were from a second manufacturer. Lot 2, exhibiting an

intermediate value of tensile strength, was from a third manufacturer.

Example 2
[0088] Tensile strength of the same six lots of pregelatinized starch was determined
by the following simplified test procedure.
10089] Compacts of each starch lot were prepared on a Carver press, Model
3888.1DT0000 fitted with 10/32 inch (0.7 cm) flat-faced tooling, at compression forces of
1000, 1500, 2000 and 3000 1bf (4.45, 6.67, 8.90 and 13.34 kN), for a dwell time of 4
seconds or 90 seconds. Compacts of an additional three lots of pregelatinized starch
(Lots 7, 8 and 9), from the same manufacturer as Lots 3 and 4, were prepared using a
dwell time of 90 seconds only. Weight and thickness of each compact was measured
(diameter being equal to that of the tooling) to enable calculation of apparent density.
Absolute density of each starch lot was measured by helium-air pycnometry. Solid
fraction was calculated as the ratio of apparent to absolute density.
{0090] Harduness (force required to cause crushing) of each compact was determined
using a Key HT 500 hardness tester. Tensile strength was calculated from this force and
dimensions of the compact, using the equation

oy = 2F/aDH
as described hereinabove.
[0091] A regression analysis was performed to determine the relationship of tensile
strength to solid fraction for each starch lot, and tensile strength at a standardized solid

fraction of 0.8 was calculated. Data are presented in Table 2.

15




WO 2004/010997

PCT/US2003/023205 l 73

Table 2. Tensile strength of pregelatinized starch lots at a solid fraction of 0.8

(simplified test procedure of the invention)

Lot Tensile strength (kKN cm?) \
4 s dwell time | 90 s dwell time
1 0.310 0.306
2 0.227 0.191
3 0.092 0.085
4 0.134 0.096
5 0.316 0.277
6 0.333 0.242
7 n.d. 0.087
8 n.d. 0.088
9 n.d. 0.172

[0092]  Correlation of tensile strength as measured in the simplified test using a 4
second dwell time (this Example) with tensile strength as measured by the triaxial test

procedure of Example 1 is shown graphically in Fig. 1.

b
[0093] Correlation of tensile strength as measured in the simplified test using a 90
second dwell time (this Example) with tensile strength as measured by the triaxial test
procedure of Example 1 is shown graphically in Fig. 2.
10094} Both dwell times exhibited a strong cotrelation, but the correlation was
especially close where the simplified test used a 90 second dwell time. It is concluded
that the simplified test as herein described can be used to estimate tensile strength of a
starch lot for the purpose of predicting whether that starch lot will be suitable for
preparing a sustained-release tablet formulation of the present invention,
Example 3
[0095] Sumanirole maleate sustained-release tablets were prepared having the
corupositions shown in Table 3. Tablet strength in mg is expressed as sumanirole base. \
Table 3. Composition of sumanirole maleate tablets of Example 3
Tablet strength (mg)
Ingredient 05 ] 1 | 2] 4] 8] 8 112124 -
Amount (% by weight)
sumanirole maleate 023 045] 09| 1.8] 3.6| 36| 54109
HPMC type 2208, 4000 mPa s | 35.00 | 35.00 | 35.0 | 35.0 1 35.0 ] 35.0 35.0 | 35.0
pregelatinized starch 63.87 1 63.65]63.2[62.3]60.5]60.0]58.2|52.5
colloidal silicon dioxide 040 040] 04} 04] 04].04] 04| 04
magnesium stearate 050( 0.50| 0.5{ 05} 05| 1.0] 1.0] 1.0
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[0096]  All ingredients except the lubricant (magnesium stearate) were screened to
remove lumps and were blended thoroughly in a low-shear mixer operating at 24 rpm for
10-30 minutes. The lubricant was then screened into the mixer and the materials were
blended for a further 2-5 minutes. The resulting lubricated mixture was compressed into

350 mg pillow-shaped tablets using a Kilian S100 tableting machine.

Example 4
[0097]  Tablets similar to those of Example 3 were prepared using pregelatinized \
starches of lots 1-6 as tested in Examples 1 and 2. Maximum hardness of the tablets
obtainable with each pregelatinized starch lot was determined.
[0098]  Maximum hardness was correlated with tensile strength of the pregelatinized
starch lot used, as measured in the simplified test of Example 2 using a 90 second dwell
time. Results are shown in Fig. 3. The correlation was substantially linear.
[0099] In subsequent tests, tablets of different hardness were used as cores for coating
and were tested for resistance to erosion during a high-speed coating operation. Tablet
cores having a hardness of at least about 24 SCU (about 17 kp) were found to have
acceptable resistance to erosion. As shown in Fig. 3, this degree of hardness is achievable
using pregelatinized starch having a tensile strength of at least about 0.175 kN ¢cm™.
Pregelatinized starches of Lots 3 and 4 were unsuitable, having tensile strength less than \
about 0.15 kN cm™ and providing tablets having a2 maximum hardness no greater than
about 20 SCU (about 14 kp).
Example 5
[0100] Pramipexole dihydrochloride sustained-release tablets were prepared having
the compositions shown in Table 4.
Table 4. Composition of pramipexole dihydrochloride tablets of Example 5
Ingredient Amount (mg)
pramipexole dihydrochloride {0.375{ 0.75 | 1.5 | 3.0 | 45 (0.375]|0.375} 4.5
monohydrate
HPMC type 2208, 4000 mPa s | 140.0 | 140.0 { 140.0 | 140.0 | 140.0{ 70.0 }157.5]157.5
pregelatinized starch 206.5]206.1[205.41203.9]202.4}101.5{189.0]184.9 \
colloidal silicon dioxide 14 11411414114 | 14| 14 ] 14
magnesium stearate 1751175175 1175 1175 1 L.75 1 1,75 ] 175
total 350 | 350 | 350 | 350 | 350 | 175 | 350 | 350

[0101] The tablets were prepared by the procedure described in Example 3, using

pregelatinized starch having a tensile strength of at least about 0.175 kN em”,
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Example 6
[0102] Coated sustained-release tablets of pramipexole dihydrochloride were

prepared having the composition shown in Table 5.

Table 5. Composition of coated tablets of Example 6

Ingredient Amount (mg)
 pramipexole dihydrochloride monohydrate 0.375
HPMC type 2208, 4000 mPa s 140.0
regelatinized starch 206.5
colloidal silicon dioxide 1.4
magnesium stearate 1.75
total core 350
ethylcellulose-based coating material (Surelease®) 7.88
HPMC-based coating material (Opadry®) 2.63
total coating 10.5

[0103] Tablet cores were prepared exactly as in Example 5, using pregelatinized
starch having a tensile strength of at least about 0.175 kN cm™. A coating solution was
prepared as follows. Opadry® HPMC-based material in an amount of 6.004 g was added
to 106.682 g water and mixed for 45 minutes to provide an HPMC mixture. Next, 72.045
g Surelease® ethylcellulose-based material was added to the HPMC mixture and mixed
for an additional 30 minutes to provide a coating solution.

[0104]  The coating solution was applied to the tablet cores in an amount providing a
3% weight gain. The resulting coated tablets were cured using a 12 inch (about 30 cm)
Vector LCDS or 24 inch (about 60 cr) Thomas Accela-Coata coating pan for about 15
minutes at a bed temperature of at least about 70°C. After curing, temperature was

ramped down over a period of about 8 minutes to an exhaust temperature of about 45°C.

Example 7
[0105]  Coated sustained-release tablets of pramipexole dihydrochloride were

prepared having the composition shown in Table 6.




WO 2004/010997 PCT/US2003/023205

Table 6. Composition of coated tablets of Example 7

Ingredient Amount (mg)

— | pramipexole dihydrochloride monohydrate 0.375

~ | HPMC type 2208, 4000 mPa s 140.0

— | pregelatinized starch 206.5
colloidal silicon dioxide 1.4
magnesium stearate 1.75
total core 350
ethylcellulose-based coating material (Surelease®) 8.4
HPMC-based coating material (Opadry®) 2.1
total coating 10.5

[0106]  Tablet cores were prepared exactly as in Example 5, using pregelatinized
starch having a tensile strength of at least about 0.175 kN cm™. A coating solution was
prepared as follows. Opadry® HPMC-based material in an amount of 4.801 g was added
to 103.041 g water and mixed for 45 minutes to provide an HPMC mixture. Next,
76.819 g Surelease® ethylcellulose-based material was added to the HPMC mixture and
mixed for an additional 30 minutes to provide a coating solution.

[0107]  Coating to a 3% weight gain and curing of the coated tablets were performed

exactly as in Example 6.

Example 8
[0108]  Coated sustained-release tablets of pramipexole dihydrochloride were

prepared having the composition shown in Table 7.

Table 7. Composition of coated tablets of Example 8

Ingredient Amount (mg)
pramipexole dihydrochloride monohydrate 0.375
HPMC type 2208, 4000 mPa s 140.0
_pregelatinized starch 206.5
colloidal silicon dioxide 1.4
magnesium stearate 1.75
total core . 350
ethylcellulose-based coating material (Surelease®) 13.13
HPMC-based coating material (Opadry®) 4.38
total coating 17.5

[0109] Tablet cores were prepared exactly as in Example 5, using pregelatinized
starch having a tensile strength of at least about 0.175 kN cm™. A coating solution was
prepared as follows. Opadry® HPMC-based material in an amount of 10,003 g was
added to 177.737 g water and mixed for 45 minutes to provide an HPMC mixture. Next,
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120.03 g Surelease® ethylcellulose-based material was added to the HPMC mixture and
mixed for an additional 30 minutes to provide a coating solution.

[0110]  Coating to a 3% weight gain and curing of the coated tablets were performed
exactly as in Example 6. After this first curing step, coating was repeated to provide a
total tablet weight gain of about 5%, followed by curing for about 15 minutes at a bed
temperature of at least about 70°C. After curing, temperature was ramped down over a

period of about 8 minutes to an exhaust temperature of about 45°C.

Example 9 \
[0111]  Coated sustained-release tablets of pramipexole dihydrochloride were

prepared having the composition shown in Table 8.

Table 8. Composition of coated tablets of Example 9

Ingredient Amount (mg)

pramipexole dihydrochloride monohydrate 0.375

HPMC type 2208, 4000 mPa s 140.0

pregelatinized starch 206.5

colloidal silicon dioxide 1.4

magnesium stearate 1.75

total core 350

ethylcellulose-based coating material (Surelease®) 14.0

HPMC-based coating material (Opadry®) 3.5

total coating 17.5 .
[0112]  Tablet cores were prepared exactly as in Example 5, using pregelatinized
starch having a tensile strength of at least about 0.175 kN cm?. A coating solution was
prepared as follows. Opadry® HPMC-based material in an amount of 8.002 g was added
to 171.735 g water and mixed for 45 minutes to provide an HPMC mixture. Next,
128.032 g Surelease® cthylcellulose-based material was added to the HPMC mixture and
mixed for an additional 30 minutes to provide a coating solution.
{0113]  Coating to a 5% total weight gain and curing of the coated tablets were
performed exactly as in Example 8.
Example 10
[0114]  Dissolution profiles of the 0.375 mg pramipexole dihydrochloride tablets of
each of Examples 5, 6 and 9 were evaluated in a standard in vitro USP dissolution assay \

under the following conditions. USP apparatus 1 was used to stir a dissolution medium

(900 1l of 0.05M phosphate buffer at a pH of 6.8) at a spindle rotation speed of 100 rpm

20
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and a temperature of 37°C.

[0115]  Data are shown in Fig, 4. The uncoated tablet of Example 5 and the tablet of
Example 6 having a 3% coating comprising 25% pore-former exhibited very similar
overall dissolution profiles. On close inspection, however, it will be noticed that the
uncoated tablet of Example 5 showed faster initial dissolution, such that at 1 hour and 2
hour sampling times the percent dissolved was greater, than in the case of the coated
tablet of Example 6. For example, at 1 hour, the coated tablet of Example 6 showed only
11% dissolution, while the uncoated tablet of Example 5 showed 15% dissolution.
Similarly, at 2 hours, the coated tablet of Example 6 showed no more than 20%
dissolution, while the uncoated tablet of Example 5 showed 24% dissolution.

[0116]  Dissolution of the tablet of Example 9 having a 5% coating comprising 20%
pore-former exhibited a dissolution profile much slower than either the tablet of Example

5 or the tablet of Example 6.

Example 11
[0117) An in vivo study was conducted in healthy human volunteers to assess
bioavailability of pramipexole formulated as the 0.375 mg sustained-release or extended-
release (XR) tablets of Examples 5, 6 and 9 by comparison with a reference treatment
with immediate-release (IR) pramipexole dihydrochloride tablets, and to evaluate safety
of pramipexole when its absorption profile is altered as in these extended-release tablets.
Method
[0118] The study followed an open-label, 4-way, randomized crossover design and
was conducted in healthy male and female subjects ranging from 18 to 55 years of age.
The subjects received each of the four treatments during the course of the study, which
was conducted at a single center. A total of 12 subjects were enrolled. The subjects were
fasted overnight and then given a 0.375 mg oral dose of pramipexole dihydrochloride
monohydrate. Inthe case of the IR formulation, which was provided as Mirapex®
tablets, three equally divided doses of 0.125 mg each were given at 8-hour intervals,
beginning in the morning. In the case of the XR formulations of Examples 5, 6and 9, a
single 0.375 mg tablet was given in the morning. Serial blood samples were taken over a
48-hour period for PK assessment. Adverse events were recorded during the same 48-
hour period.

[0119]  Plasma pramipexole concentrations were quantitated by an HPLC-MS/MS

method, validated over the assay range 0.05-15 ng/ml. All runs met bioanalytical
21
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acceptance criteria for calibration standards and quality control. Samples were not
diluted prior to analysis as all sample concentrations were within the limits of
quantitation.
[0120]  PK parameters for pramipexole were estimated by non-compartmental
methods, using the nonlinear regression program Kinetica of Innaphase. Individual
plasma concentration data and the actual time-points of blood sampling from each subject
- were used in the analysis. Plasma concentrations below the lower limit of quantitation at
early time-points were set to zero, whereas those in the terminal phase were excluded
from the analysis,
[0121]  In vivo pramipexole absorption data were derived by a deconvolution routine
employing the Kinetica program. To perform this analysis, a fit of the pramipexole data
from the reference treatment was first made to a one-compartment open PX disposition
model with first order absorption. Based on this fit, plasma pramipexole concentrations
were simulated for a 0.375 mg intravenous bolus dose of pramipexole. These simulated
pramipexole concentrations were used in the deconvolution routine.
[0122]  In vitro/in vivo correlations for each of the pramipexole XR formulations were
examined by evaluating a linear relationship of in vivo absorption as a function of in vitro
dissolution.
[0123] Prediction of mean steady-state concentrations arising from repeated daily
dosing was performed by interpolation of hourly concentrations from individual subjects’
observed concentration/time data and then by the principle of superposition, estimating
the concentrations during the 6th day of dosing. Estimates of half-life obtained from this
~ study, which were consistent with values reported previously, indicate that steady-state
would be achieved by the 4th day. The steady-state parameters Tmax, Cmax, Cuins AUCq_s,
Cavg (calculated as AUCq24/t) and FR (fluctuation ratio, calculated as (Cpax—Crin)/Cave)
were also estimated during this exercise.
Results
[0124]  Ofthe 12 subjects enrolled, 10 completed the study. Two subjects were
dropped prior to receiving the reference treatment, therefore their data were not included
in the PK analysis.

{0125] Mean plasma pramipexole concentrations over the 48-hour assessment period

are shown in Fig. 5. PK estimates derived from the individual subject data are provided
in Table 9.
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Table 9. PK parameters (mean = standard deviation)

Parameter IR tablet XR tablets
(Mirapex®) ExampleS | Example6 | Example9
AUC) (ngh/ml) |  9.93 £3.05 9.05+324 | 9.66+291 | 8.91+4.15
AUCo4s (ng.b/ml) |~ 8.60+2,63 776 +283 | 7.60+200 | 7.07%2.77
| Crox (ng/ml) 0.433 £0.083 * 1 0.332 £ 0.076 | 0.282 % 0.069 | 0.242 + 0.062
Tmax () 159+3.4* 6.2+20 12.0 £ 5.3 15.6£6.2
Ty (h) 9.1+26 11.4+4,1 11.9+2.8 12.1£6.0

* reached after third 0.125 mg tablet -

[0126]

shown in Table 10, together with corresponding in vitro dissolution data from Example
10.

Mean cumulative absorption data (up to 24 hours) for the XR tablets are

Table 10. In vitro dissolution and ir vivo absorption data for XR tablets

Time Example 5 Example 6 Example 9
(h) % diss. | % abs. | % diss. | % abs. | % diss. | % abs.
(in vitro) | (in vivo) | (in vitro) | (in vivo) | (in vitro) | (in vivo)
0 0 0.0 0 0.0 0 0.0
1 15 10.6 11 3.3 2 0.0
2 24 21.1 20 13.2 7 0.5
4 36 43,2 34 30.0 20 15.0
6 47 52.3 46 39.4 31 23.9
8 55 57.8 55 45.6 41 29.6
12 69 68.6 70 57.1 56 41.6
16 79 75.5 80 67.4 69 51.1
24 90 83.6 92 83.2 85 64.8
[0127]  In vitro/in vivo correlation plots derived from the data of Table 7 are shown in
Figs. 3-5 for the XR tablets of Examples 1, 2 and 5 respectively.
[0128]  Estimated PK parameters calculated from predicted steady-state

concentrations are given in Table 11.

Table 11. Estimated steady-state PK parameters (mean * standard deviation)

Parameter IR tablet XR tablets

(Mirapex®) | Example 5 | Example 6 | Example 9
Toax () 54+19 | 5.6%13 8.0+28
Cmax (ng/ml) 0.53+£0.13 {0.49+0.15{0.48+0.14 | 041 +0.14
Cain (ng/ml) 0.29+0.14 10.22+0,120.27+0.11 ] 0.25+0.15
Cave (ng/ml) 0.40+0.13 10.36+0.14]0.38£0.12 | 0.34+0.15
AUCp_ (ng.h/ml) { 9.63+3.12 {8.66+3.29]9.00=:2.92 | 8.06 +3.52
FR 0.66 £0.22 |0.87+0.31]0.61=0.18]0.62+0.45
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[0129] The subjects dropped from the study experienced a non-serious adverse event,
orthostatic hypotension. Both subjects were receiving treatment with the XR tablet of
Example 1 when this adverse event occurred.

[0130]  No serious adverse events were reported in the study. The most frequently
reported event was orthostatic hypotension, all but two of which were considered
transient in nature. The numbers of individual non-serious adverse events reported for

each treatment are given in Table 12.

Table 12. Numbers of non-serious adverse events reported

IR tablet XR tablets
(Mirapex®) | Example 5 | Example 6 | Example 9
No. of subjects 10 12 11 10
All events 9 17 8 5
Orthostatic hypotension 1 5 2 1
Discussion

[0131]  The mean plasma pramipexole concentration profile shown in Fig. S clearly
shows the tablets of Examples 5, 6 and 9 effectively extended the release of pramipexole
relative to the IR tablet. The XR tablets of Examples 5 and 6 exhibit a delay of
approximately 1 hour in onset of absorption, whereas quantifiable levels of pramipexole
were not observed until about 3 hours after administration of the XR tablet of Example 9.
[0132] The derived PK parameters given in Table 9, in particular the Crax and Topax
data, indicate that of the XR tablets, the tablet of Example 5 exhibited the fastest and the
tablet of Example 9 the slowest absorption, the tablet of Example 6 being intermediate in
this regard.

{0133] The relatively high incidence of non-serious adverse events associated with
the tablet of Example 5 suggests that the relatively rapid release of pramipexole from this
formulation, leading to a relatively high Cpax, is detrimental to the safety profile of such a
formulation. On the other hand, the tablets of Examples 6 and 9 exhibit a safety profile
that is at least as favorable as the IR tablet administered three times daily. As shown in
Table 11, the predicted fluctuation ratio was also greatest for the tablet of Example 5.

As shown in Figs. 6-8, a strong in vitro/in vivo correlation was established within each
formulation. Surprisingly, however, the in vitro dissolution data did not clearly
distinguish the uncoated tablet of Example 5 from the coated tablet of Example 6, except,

as pointed out above, at the earliest sampling times.
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WHAT IS CLAIMED IS:
1. A sustained-release pharmaceutical composition in a form of an orally deliverable

10.

11.

tablet comprising a water-soluble salt of pramipexole, dispersed in a matrix
comprising a hydrophilic polymer and a starch Em—né a tensile strength of at least
about 0.15 kN cm?, p?e?erél_)f)—f;t least about 0.175 kN cm?, and more preferably at

least about 0.2 kN cm?, at a solid fraction representative of the tablet.

The composition of Claim 1 wherein the starch is a pregelatinized starch.

The composition of either of Claims 1 or 2 wherein the starch is present in an
amount of about 25% to about 75%, preferably about 40% to about 70%, and more
preferably about 45% to about 65%, by weight.

The composition of any of the preceding claims wherein the hydrophilic polymer is
selected from the group consisting of methylcellulose, o ¢ nAC Ky

hydroxypropylmethylceliulose, carmellose sodium and carbomer.

e —

The composition of any of the preceding claims wherein the hydrophilic polymer is

hydroxypropylmethylcellulose.

The composition of any of the preceding claims wherein the hydrophilic polymer is
present in an amount of about 20% to about 70%, preferably about 30% to about

60%, and more preferably about 35% to about 50%, by weight.

The composition of any of the preceding claims wherein the salt has solubility not

less than about 50 mg/ml, preferably not less than about 100 mg/ml.

The composition of any of Claims 1 to 6 wherein the salt is pramipexole
dihydrochloride.

The composition of any of the preceding claims that comprises about 0.1 to about
10 mg, preferably about 0.2 to about 6 mg, and more preferably about 0.3 to about 5
mg, pramipexole per tablet, expressed as pramipexole dihydrochloride monohydrate

equivalent.

The composition of any of the preceding claims, further comprising a coating on the
tablet.

The composition of Claim 10 wherein said coating is a release-controlling layer.

The composition of Claim 11 wherein said release-controlling layer constitutes

25
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13.

14.

15.

16.

17.

about 1% to about 15% by weight of the tablet.
The composition of Claim 10 wherein said coating is a nonfunctional coating.

A pharmaceutical composition in a form of an orally deliverable tablet having a core

comprising pramipexole dihydrochloride monohydrate in an amount of about 0.375,

0.75, 1.5, 3 or 4.5 mg, dispersed in a matrix comprising (2) HPMC type 2208 in an

amount of about 35% to about 50% by weight of the tablet and (b) a pregelatinized

starch having a tensile strength of at least about 0.15 kN cm™ at a solid fraction of

0.8, in an amount of about 45% to about 65% by weight of the tablet; said core

being substantially enclosed in a coating that constitutes about 2% to about 7% of

the weight of the tablet, said coating comprising an ethylcellulose-based \
hydrophobic or water-insoluble component and an HPMC-based pore-forming

component in an amount of about 10% to about 40% by weight of the

ethylcellulose-based component.

A method of treatment of a subject having a condition or disorder for which a
dopamine D, receptor agonist is indicated, the method comprising orally
administering to the subject the pharmaceutical composition of any of the preceding

claims.

The method of Claim 15 wherein the composition is administered not more than

once daily.

The method of either of Claims 15 or 16 wherein the condition or disorder is

Parkinson’s disease or a complication associated therewith,
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Although claims 15-17 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the
alleged effects of the compound/composition.
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Claims Nos.: 1b-17

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
therapy
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Claims Nos.: 1-17 partially

Present independent claims 1, 14 and 15 relate to a sustained-release
formulation of pramipexole wherein one technical feature (starch) is
defined/characterized by reference to an intrinsic property thereof
expressed in terms of a parameter, namely: "tensile strength of at least
about 0.15 kN cm-2 at a solid fraction of 0.8". The use of this parameter
in the present context is considered to lead to a lack of clariiy within
the meaning of Article 6 PCT. It is impossible to compare the parameter
the applicant has chosen to employ with what is set out in the prior art,
i.a. because this parameter is not described/used in the relevant prior
art, and because the values obtained for this parameter depend on the
method/conditions of measurement of both tensile strength and solid
fraction. The lack of clarity is such as to render a meaningful complete
search impossible,

Consequently, the search has been carried out, ignoring said parametric
definition, for sustained-release formulations of pramipexole comprising
the technical feature "“pregelatinized starch", as disclosed in the
description in connection with the examples, and in claims 2 and 14.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPQ policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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PRAMIPEXOLE ONCE-DAILY DOSAGE FORM

FIELD OF THE INVENTION
[0001]  The present invention relates to pharmaceutical formulations of the dopamine
receptor agonist pramipexole, and more particularly to sustained-release dosage forms

suitable for once-daily administration of pramipexole.

BACKGROUND OF THE INVENTION
[0002]  Pramipexole (I) is a dopamine D, receptor agonist useful in treatment of
Parkinson’s disease. Pramipexole as its dilydrochloride salt is commercially available as
Mirapex® tablets of Pharmacia & Upjohn. These are immediate-release tablets in 0.125
mg, 0.25 mg, 0.5 mg, 1.0 mg and 1.5 mg strengths, designed for oral administration of a
single tablet three times per day to provide a daily dose of 0.375 to 4.5 mg. Sec
Physicians’ Desk Reference 57th edition (2003), 2768-2772. Doses herein are expressed
in amounts of pramipexole dihydrochloride monohydrate unless otherwise specified; 1.0

mg pramipexole dihydrochloride monohydrate is equivalent to about 0.7 mg pramipexole

N
N,
\/\NQis%
H 4y

[0003] A three times daily dosing regimen for immediate-release pramipexole

base.

dihydrochloride tablets is well tolerated, but patient compliance would be much improved
if a once-daily regimen were possible. In this regard, it will be noted that the primary
indication for the drug, Parkinsen’s disease, is an affliction that becomes more prevalent
with advancing age and is often accompanied by decline in memory. A once-daily
regimen would be especially useful in enhancing compliance among elderly patients.
[0004] In common with other anti-Parkinson’s disease drugs, pramipexole has
potential to cause undesirable side effects. Side effects of pramipexole have been
reported to include orthostatic hypotension, the incidence of which is dose-related. There
are also reports of subjects on pramipexole medication experiencing increased
sommolence, in particular “sleep attacks”. Such attacks involve a subject falling asleep
while engaged in activities of daily living, including operation of a motor vehicle,
sometimes resulting in accidents. Development of a new once-daily dosage form of

pramipexole must take into account the potential to cause such side effects, so that the

yxZ
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new dosage form, administered once daily, can be tolerated at least as well as the present
immediate-release tablet formulation, administered three times daily.

[0005] It is an object of the present invention to provide a once-daily dosage form of
pramipexole suitable for oral administration. It is a further object to provide such a
dosage form having potential for side effects no greater than a three times daily regimen
of pramipexole immediate release tablets. It is a still further object to identify an in vitro
release profile that would be characteristic of a well tolerated once-daily dosage form of
pramipexole. It is a still further object to identify an in vivo pharmacokinétic (PK) profile
that would be consistent with good therapeutic efficacy while not causing an unacceptable
incidence or severity of side effects. It is a still further object to provide exemplary
dosage forms exhibiting such an in vitro release and/or in vivo PK profile.

[0006] Sustained release formulations of many drugs have been described in the
literature. For example, U.S. Patent No. 6,197,339 discloses a sustained-release tablet
comprising (R)-5,6-dihydro-5-(methylamino)-4H-imidazo[4,5-ij]-quinolin-2(1H)-one
(Z)-2-butenedioate (1:1) (the dopamine D, receptor agonist sumanirole maleate) in a
matrix comprising hydroxypropylmethylcellulose (HPMC) and starch. The tablet is
disclosed to be useful in treatment of Parkinson’s disease. Starches disclosed to be
suitable therein include pregelatinized starch.

[0007] U.S. Patent No. 5,458,887 discloses a controlled-release tablet comprising an
osmotic core that consists of a drug in admixture with a water-swellable component such
as HPMC or polyethylene oxide, and a coating that comprises a water-resistant polymer
and a minor amount of a water-soluble compound that acts as a pore-former. Upon
formation of pores in the coating by dissolution of the water-soluble compound, the
water-swellable agent is said to expand the core and provide a drug-rich surface in contact
with gastrointestinal fluid.

[0008] U.S. Patent No. 5,656,296 discloses a dual control sustained-release
formulation comprising a core that comprises a drug and a low melting point excipient,
and a coating layer over the core that comprises a pH-independent water-insoluble
polymer and a water-soluble film-forming polymer.

[0009] European Patent Application No. EP 0 933 079 discloses a starch said to be
suitable for preparing tablets having high hardness yet being capable of rapid
disintegration in an aqueous medium. Tensile strength of the finished tablets is calculated

from the hardness.
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[0010]  Hubble ez al. (1995), Clinical Neuropharmacology 18(4), 338-347, described
efficacy, safety, tolerability and pharmacokinetics of pramipexole administered three
times a day in patients with early Parkinson’s disease. A review of pramipexole use in
management of early and advanced Parkinson’s disease has been published by Dooley &
Markham (1998), Drugs & Aging 12(6), 495-514. No disclosure is made therein of once-
daily administration or sustained-release formulation of pramipexole.

[0011]  More recently, Biglan & Holloway (2002), Expert Opinion on
Pharmacotherapy 3(2), 197-210, reviewed pramipexole and its clinical utility in
Parkinson’s disease and noted that daily dosing with Mirapex® tablets is recommended in
patients with impaired renal function, as evidenced by creatine clearance of 15-34
ml/minute. They also indicated that while dopamine receptor agonists generally have
been associated with orthostatic hypotension, pramipexole does not appear to cause this
complication any more than placebo in randomized controlled trials. It is reported
therein, however, that evidence from such trials supports increased incidence of
somnolence in patients receiving pramipexole in early Parkinson’s disease.

[0012] Steady-state PK properties of pramipexole, administered three times a day in
the form of pramipexole dihydrochloride tablets, were reported by Wright et al. (1997),
Journal of Clinical Pharmacology 37, 520525, who concluded that steédy—state PK
characteristics were linear up to a daily dose of 4.5 mg, for both men and women.

[0013]  Patents and publications cited above are incorporated herein by reference.

SUMMARY OF THE INVENTION

[0014]  There is now provided an orally deliverable pharmaceutical composition
comprising a therapeutically effective amount of pramipexole or a pharmaceutically
acceptable salt thereof and at least one pharmaceutically acceptable excipient, said
‘composition exhibiting at least one of () an in vitro release profile wherein on average no
more than about 20% of the pramipexole is dissolved within 2 hours after placement of
the composition in a standard dissolution test; and (b) an in vivo pramipexole absorption
profile following single dose oral administration to healthy adult humans wherein the
time to reach a mean of 20% absorption is greater than about 2 hours and/or the time to
reach a mean of 40% absorption is greater than about 4 hours.

[0015] There is further provided a method of treatment of a subject having a
condition or disorder for which a dopamine receptor agonist is indicated, the method

comprising orally administering to the subject, not more than once daily, an orally
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deliverable pharmaceutical composition comprising a therapeutically effective amount of
pramipexole or a pharmaceutically acceptable salt thereof and at least one
pharmaceutically acceptable excipient, said composition exhibiting at least one of (a) an
in vitro release profile wherein no more than about 20% of the pramipexole is dissolved
within 2 hours after placement of the composition in a standard dissolution test; and (b)
an in vivo pramipexole absorption profile following single dose oral administration to
healthy adult humans wherein the time to reach a mean of 20% absorption is greater than
about 2 hours and/or the time to reach a mean of 40% absorption is greater than about 4
hours.

[0016]  There is still further provided a process for selecting a formulation of
pramipexole or a pharmaceutically acceptable salt thereof suitable for sustained-release
oral delivery of pramipexole. According to a first embodiment, the process comprises
placing a candidate formulation in a dissolution medium under conditions of a standard in
vitro dissolution test, wherein if on average no more than about 20% of the pramipexole
is dissolved within 2 hours after placement of the candidate formulation in the dissolution
medium, the candidate formulation is deemed suitable for selection. According to a
second embodiment, the process comprises conducting a standard pharmacokinetic study
following single dose oral administration of a candidate formulation to healthy adult
humans and deriving an in vivo pramipexole absorption profile from said study, wherein
if the time to reach a mean of 20% absorption is greater than about 2 hours and/or the
time to reach a mean of 40% absorption is greater than about 4 hours, the candidate
formulation is deemed suitable for selection

[0017] The term “orally deliverable” herein means suitable for oral, including peroral
and intra-oral (e.g., sublingual or buccal) administration, but compositions of the present
invention are adapted primarily for peroral administration, i.e., for swallowing. Where
the composition is in the form of a discrete solid article such as a tablet or capsule, it is
typically swallowed whole or broken, with the aid of water or other drinkable fluid.
[0018] A “therapeutically effective amount” of pramipexole herein is a daily dosage
amount that, when administered as part of a regimen, provides therapeutic benefit in
treatment of a condition or disorder for which a dopamine receptor agonist is indicated.
Suitable amounts per dose are likely to be found in a range from about 0.1 to about 10
mg, preferably about 0.3 to about 5 mg, for example about 0.375, 0.5, 0.75, 1.0, 1.5, 2.0,
3.0 or 4.5 mg, expressed as pramipexole dihydrochloride monohydrate equivalent.
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[0019] A “standard dissolution test” herein is a test conducted according to United :
States Pharmacopeia 24th edition (2000) (USP 24), pp. 1941-1943, using Apparatus 1
described therein at a spindle rotation speed of 100 rpm and a dissolution medium of
0.05M phosphate buffer, pH 6.8, at 37°C, or other test conditions substantially equivalent
thereto.

[0020]  In vivo “absorption” herein refers to the percentage of pramipexole that enters
the bloodstream, as conventionally calculated from data of a standard PX study involving

oral administration of a single dose of pramipexole. It will be understood that PK data

are subject to the usual variation seen in biological data, thus the absorption percentages
specified above are means from a population, typically at least about § in number, of
individual healthy adults in accordance with standard statistical practice.

[0021] A “subject” herein is an animal of any species, preferably mammalian, most
preferably human. Conditions and disorders in a subject for which a dopamine receptor
agonist is said herein to be “indicated” are not restricted to conditions and disorders for
which a dopamine receptor agonist has been expressly approved by a regulatory
authority, but also include other conditions and disorders known or believed by a
physician to be amenable to treatment with a dopamine receptor agonist. “Treatment”
herein embraces prophylactic treatment unless the context requires otherwise.

[0022]  Compositions of the invention exhibit a number of surprising and unexpected
features and benefits.

[0023]  First, sustained-release dosage forms are typically sought where it is desired to
enable longer time intervals between dosing of a drug having a short half-life in plasma,
due for example to rapid metabolism, excretion or other routes of depletion. Among
drugs used to treat Parkinson’s disease, levodopa is a well-known example, having a short
elimination half-life (T./2) of about 1.5 hours. See Colosimo & De Michele (1999),
European Journal of Neurology 6(1), 1-21. By contrast, pramipexole has a Ty of about
9 to about 14 hours, depending on the particular study, and would not on this ground be
expected to require special attention to formulation to enable once-daily dosing.

[0024] Second, pramipexole, at least in the form of its dihydrochloride salt, has high
solubility in water (about 200 mg/ml at 20-25°C). Highly water-soluble drugs are
typically difficult to formulate in sustained-release form because of the tendency of the

drug to rapidly leach out of the dosage form upon exposure to an aqueous medium such

as gastrointestinal fluid.
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[0025]  Third, as demonstrated herein, pramipexole dosage forms having very similar
in vitro release profiles, as characterized by standard parameters such as time to reach
50% or 80% dissolution, can, as demonstrated herein, have in vivo PK profiles that differ
in very meaningful ways. Differences in PK profile between dosage forms having similar
50% and 80% dissolution times in an in vitro test can define the difference between a
dosage form that meets the criteria of the present invention and one that does not.

[0026]  This last finding is especially unexpected in light of a close in vitro/in vivo
correlation that is evident for individual dosage forms, as demonstrated herein. It is
surprisingly found that data for early time points (up to about 2 hours) and/or initial
dissolution rates (up to about 20% dissolution) in the in vitro test described herein are
indicative of a PK profile consistent with the present invention. Thus a pramipexole
composition exhibiting no more than about 20% dissolution at a 2 hour time point in the
in vitro test 1s strongly indicative of a desirable in vivo PK profile, whereas one exhibiting
faster early dissolution, even if 50% and 80% dissolution times are no different, is not so
indicative,

[0027]  These and other features, benefits and advantages of the invention will be

apparent from the disclosure that follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] = Fig. 1 is a graph showing in vitro dissolution profiles of three different 0.375
mg sustained-release tablet formulations of pramipexole dihydrochloride monohydrate, as
more fully described in Example 6.
[0029] Fig. 2 is a graph from a human PK study showing time course of mean plasma
pramipexole concentration following oral administration of 0.375 mg pramipexole
dihydrochloride monohydrate, either as a 0.125 mg immediate-release tablets
administered three times at 8-hour intervals or as a single 0.375 mg dose of each of three
different sustained-release tablets, as more fully described in Example 7.
[0030] Fig. 3 shows in vitro/in vivo correlation for the pramipexole dihydrochloride
tablets of Example 1.
[0031]  Fig. 4 shows in vitro/in vivo correlation for the pramipexole dihydrochloride
tablets of Example 2.

[0032] Fig. 5 shows in vitro/in vivo correlation for the pramipexole dihydrochloride

tablets of Example 5.
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DETAILED DESCRIPTION OF THE INVENTION
[0033] In one embodiment, a pramipexole composition of the invention exhibits at
least one of the following:
(a) an in vitro release profile wherein on average no more than about 20% of the
pramipexole is dissolved within 2 hours after placement of the composition in
a standard dissolution test; and
(b) an ir vivo pramipexole absorption profile following single dose oral

administration to healthy adult humans wherein the time to reach a mean of

20% absorption is greater than about 2 hours and/or the time to reach a mean

of 40% absorption is greater than about 4 hours.
[0034]  Accordingly, in a particular embodiment the composition satisfies at least the
in vitro test set forth in (a) above.
[0035] In another particular embodiment the composition satisfies at least the in vivo
test set forth in (b) above.
[0036] To satisfy the in vitro test, on average no more than about 20% of the
pramipexole initially contained in the composition must dissolve within 2 hours after
placement in a dissolution test conducted according to USP 24 using Apparatus 1 at a
spindle rotation speed of 100 rpm and a dissolution medium of 0.05M phosphate buffer,
pH 6.8, at 37°C, or in a substantially equivalent test. Preferably no more than about 12%
of the pramipexole dissolves within 1 hour in such a test. Time to reach 50% dissolution
is preferably at least about 4 hours, more preferably at least about 6 hours. Time to reach
80% dissolution is preferably at least about 8 hours, more preferably at least about 12
hours.
[0037] To satisfy the in vivo test, a single-dose PK study in healthy adult human
subjects must provide data consistent with an absorption profile wherein, at a time point
about 2 hours after administration, mean absorption has not yet reached 20%, and/or at a
time point about 4 hours after administration, mean absorption has not yet reached 40%.
Preferably the time to reach a mean of 40% absorption is at least about 5 hours, more
preferably at least about 6 hours.
[0038] It is preferred that the composition, when administered once daily, exhibit a
bioavailability, as expressed conventionally by AUCq.45 or AUC, that is substantially
equivalent to the same daily dose of an immediate-release pramipexole dihydrochloride

reference formulation, for example Mirapex® tablets, administered three times a day. In
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the present context, “substantially equivalent” means that the bioavailability of such a

preferred composition is about 0.8 to about 1.25 times that of the reference formulation.

[0039]  Itis preferred that the composition, following single dose administration of

0.375 mg (expressed as pramipexole dihydrochloride monohydrate equivalent), exhibit a

maximum plasma concentration (Cpay) of pramipexole that is not greater than about 0.3

ng/ml. Where a higher dose is administered, the preferred upper limit of Cpay is

proportionately greater, it being known that pharmacokinetics of pramipexole are

substantially linearly dose-related up to a daily dose of 4.5 mg. Wright et al. (1997), op. b
cit.

[0040] It is preferred that the composition, following single dose administration,

exhibit a time to reach maximum plasma concentration (Tma) of pramipexole that is at

least about 6 hours, preferably at least about 8 hours. |
[0041] It is especially preferred that the composition exhibit a PK profile consistent

with steady-state plasma concentrations having a fluctuation ratio that is not substantially

greater than that of the reference formulation as defined above. Fluctuation ratio (FR) is

defined by the following equation:

FR = (Cauax — Cain) / Cavg }
where Cpax, Cumin and C,y, are maximum, minimum and average plasma concentrations ‘
respectively. b
10042] Preferably the PK study used to generate the parameters specified above for a
candidate composition is conducted according to a protocol that is generally accepted in
the art. Preferably at least 6, more preferably at least 8, most preferably at least 10
subjects are enrolled in the study and receive the candidate composition.

[0043] A composition having the in vitro release and/or in vivo PK parameters

specified above is advantageous in having reduced potential to cause undesirable side

effects that may be related to a combination of high Cp,y and short Ty, by comparison

with other once-daily dosage forms. Preferably the incidence of side effects is no greater

than with an immediate-release dosage form such as Mirapex® tablets administered in a

three times daily regimen. More preferably, the incidence of side effects is even lower

than with such an immediate-release regimen. It is contemplated that these advantages Y
become more pronounced with increase in daily dosage.

[0044] A composition of the invention comprises pramipexole or a pharmaceutically

acceptable salt thereof, in a therapeutically effective daily dosage amount. It will be
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understood that mention of pramipexole or another active pharmaceutical agent herein
embraces racemates, enantiomers, polymorphs, hydrates and solvates thereof.
Pramipexole is used preferably in the form of its S-enantiomer, (S)-2-amino-4,5,6,7-
tetrahydro-6-(propylamino)-benzothiazole.

[0045] It is preferred to use a salt of pramipexole, especially a salt exhibiting
moderate to high solubility in water. Illustrative salts include those prepared using the
following acids: hydrochloric, hydrobromic, hydroiodic, phosphoric, sulfuric,
methanesulfonic acid, ethanesulfonic, 2-hydroxyethanesulfonic, benzenesulfonic,
p-hydroxybenzoic, toluenesulfonic, formic, acetic, propionic, benzoic, anthranilic,
tartaric, maleic, malic, citric, isocitric, succinic, ascorbic, lactic, glycolic, gluconic,
glucuronic, pyruvic, oxaloacetic, fumaric, aspartic, glutamic, stearic, salicylic,
phenylacetic, mandelic, pamoic, pantothenic, sulfanilic, cyclohexylaminosulfonic,
algenic, B-hydroxybutyric, galactaric and galacturonic acids.

[0046] A preferred salt of pramipexole is the dihydrochloride salt, most preferably in
the form of the monohydrate.

[0047] Pramipexole and salts thereof, including the dihydrochloride salt, useful herein
can be prepared by processes known per se, including processes disclosed in patents and
other literature pertaining to pramipexole.

[0048] The composition can take any form suitable for oral administration, but is
typically formulated as a discrete solid dosage unit such as a tablet or capsule, wherein
the pramipexole or salt thereof is present as solid particles, and is formulated together
with one or more pharmaceutically acceptable excipients. The excipients are selected in
part to provide a release profile and/or PK profile consistent with those defined above.
[0049]  The amount of pramipexole present in a composition of the invention is
sufficient to provide a daily dose in one to a small plurality, for example one to about 4,
of dosage units to be administered at one time. Preferably the full daily dose is delivered
in a single dosage unit. An amount of about 0.1 to about 10 mg per dosage unit, or about
0.05% to about 5% by weight of the composition, will generally be suitable. Preferably
an amount of about 0.2 to about 6 mg, more preferably an amount of about 0.3 to about 5
mg, pramipexole per dosage unit is present. Specific amounts per tablet contemplated
herein include 0.375, 0.5, 0.75, 1.0, 1.5, 3.0 and 4.5 mg pramipexole dihydrochloride
monohydrate.

[0050] The particular formulation selected for the pramipexole is not critical so long
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as it achieves a release and/or PK profile as defined herein. Such a profile can be
achieved using one or more release-modifying means. lustratively, release-modifying
means suitable for use in a composition of the invention include a polymer matrix
wherein the pramipexole is dispersed; a release-controlling layer or coating surrounding
the whole dosage unit or pramipexole-containing particles, granules, beads or zones
within the dosage unit; and an osmotic pump.

[0051]  In one embodiment, the composition takes the form of a tablet comprising
pramipexole or a salt thereof, dispersed in a matrix comprising a hydrophilic polymer and
starch, Preferably the starch has a tensile strength of at least about 0.15 kN cm’” at a solid
fraction representative of the tablet, for example about 0.75 to about 0.85, illustratively
0.8.

[0052]  Hydrophilic polymers useful according to the present embodiment are
pharmaceutically acceptable polymeric materials having a sufficient number and
distribution of hydrophilic substituents such as hydroxy and carboxy groups to impart
hydrophilic properties to the polymer as a whole. Suitable hydrophilic polymers include,
without limitation, methylcellulose, HPMC (hypromellose), carmellose sodium (sodium
carboxymethylcellulose) and carbomer (polyacrylic acid). More than one such polymer
can optionally be used.

[0053]  HPMC is a preferred hydrophilic polymer. Various types and grades of
IPMC are available. In one embodiment HPMC type 2208, preferably meeting
specifications set forth in a standard pharmacopeia such as USP 24, is used. HPMC type
2208 contains 19-24% by weight methoxy and 4-12% by weight hydroxypropoxy
substituents. Especially suitable HPMCs have nominal viscosity ranging from about 100
to about 10,000 mPa s; illustratively a suitable HPMC type 2208 is one having a nominal
viscosity of about 4,000, with a measured viscosity of about 3,000 to about 5,600 mPa s.
Such an HPMC is available, for example, as Methocel® K4MP from Dow Chemical Co.,
-and substantially equivalent products are available from other manufacturers.

[0054] The amount of hydrophilic polymer in the composition depends on the
particular polymer selected, on the active pharmaceutical agent and on the desired
sustained release profile. Typically, however, the hydrophilic polymer is included in an
amount of about 20% to about 70%, preferably about 30% to about 60% and more
preferably about 35% to about 50%, by weight of the comaposition. In the illustrative case
of HPMC type 2208, a suitable amount will generally be found in the range from about
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30% to about 60%, preferably about 35% to about 50%, for example about 40%, by
weight of the composition.

[0055]  Itis believed, without being bound by theory, that the hydrophilic polymer
functions to provide extended or sustained release of the pramipexole, for example by
gradual dissolution or erosion of the polymer in the gastrointestinal tract.

[0056] Starches useful herein include starches from any suitable botanical source, for
example corn, wheat, rice, tapioca, potato, efc. Preferred starches have a relatively high
ratio of amylose to amylopectin, containing for example at least about 20%, more
preferably at least about 25%, amylose. Especially preferred is pregelatinized starch,
which is a type of modified starch that has been processed to render the starch more
flowable and directly compressible. Partially or wholly pregelatinized starches can be
used. .

[0057] It is believed, without being bound by theory, that the primary function of the
starch in a composition of the present embodiment is as a binding agent. A starch
meeting the preferred tensile strength criterion defined herein is sometimes referred to
herein as a “super binder”.

[0058]  The amount of starch in a composition of the present embodiment is typically
higher than is conventionally present as a binder in tablet formulations. Suitable amounts
will generally be found in the range of about 25% to about 75% by weight. Preferably the
amount of starch is about 40% to about 70%, more preferably about 45% to about 65%,
for example about 50%, by weight of the composition.

{0059] Tensile strength of a starch sample can be measured by any suitable test.
Illustrative test procedures are described by Hiestand & Smith (1984), Powder
Technology 38, 145-159, and by Hiestand & Smith (1991), International Journal of
Pharmaceutics 67, 231-246, these articles being incorporated hereim by reference.
[0060]  An example of a tensile strength test that can be used (herein referred to as a
“triaxial tensile strength test”) requires preparation of a series of compacts of the starch
sample, followed by determination of tensile strength of the compacts using a
computerized multifunction tablet tester (MTT). The compacts are prepared with various
degrees of compression force to provide compacts having a range of solid fraction. As a
sustained release tablet formulation typically has a solid fraction of about 0.8, it is uscful
to prepare compacts approximating such a solid fraction.

[0061]  Absolute density of the starch sample can be determined using a helium-air
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pycnometer.

[0062] A computer-controlled triaxial tablet press is used to prepare the compacts.
Voltage output from the punch and die load cells of the tablet press are first zeroed. The
punch and die are lubricated with magnesium stearate powder and the die assembly is
placed in the press. Compression and decompression parameters are selected on the
computer. The desired amount of starch to be compacted is weighed and poured into the
die cavity. The resulting powder bed is leveled with a spatula. The punch is inserted into
the die and the computer-controlled compression/decompression cycle is staried.

[0063]  Just prior to the end of the compression phase, thickness of the compact as
measured by LVDT is recorded. At the end of the compression phase, the final
compression force as measured by voltage of the punch load cell is recorded.

[0064] At the end of the decompression phase, the punch and die rams are retracted.
The compact is removed from the die and inspected for defects, such as cracking or
sticking. Cracking can be reduced by increasing decompression time. If the compact is
free of defects, its length, width, thickness and weight are measured to enable calculation
of apparent density. Solid fraction is calculated by dividing absolute density by apparent
density.

[0065]  Inpreparation of the MTT for tensile strength determination, a suitable
software program is run. The platen is screwed to the load cell of the MTT and the
tensile strength assembly is slid into the MTT opposite the platen. The load cell signal is
monitored via the computer and the zero offset on the signal conditioner is adjusted to
provide a positive baseline voltage as close as possible to zero. A forward velocity is
selected that will generate a time constant of approximately 15 seconds (usually the
velocity selected will be about 0.8 to about 1.2 mm sh.

[0066]  The compact to be tested is placed in the holder of the tensile strength
assembly. The motor is initiated via the computer, driving the platen toward the compact
until the surface of the compact is detected, and stopping the platen a few millimeters
from the compact. The oscilloscope is triggered, to record the force applied to the
compact, and the motor is restarted. The platen is driven into the compact until a crack is
detected, either by sight or by sound, and the motor is immediately reversed.

[0067]  Peak force is recorded from the oscilloscope trace. Tensile strength is
calculated from the peak force using appropriate computer software.

[0068]  From several runs using compacts at a range of solid fractions around 0.8, data
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are plotted and tensile strength at a solid fraction of 0.8 is estimated. If the tensile
strength at a solid fraction of 0.8 is about 0.15 KN cm” or greater, the starch sample is
deemed to be suitable for use in preparing a composition according to the present
embodiment of the invention.
[0069] It has now surprisingly been discovered that a much simpler test, one that is
more amenable to implementation in a manufacturing setting, can be used to estimate
tensile strength of a starch sample, in particular to determine whether the starch sample
has a tensile strength of at least about 0.15 kN cm” at a solid fraction representative of a
desired sustained-release tablet.
[0070]  According to this test, compacts of the starch sample are prepared on a
standard automated tablet press under a range of compression forces. For example, a
Carver press (e.g., Model 3888.1DT0000) fitted with flat-faced tooling of suitable
diameter (e.g., 10/32 inch or about 0.7 cm for a 300 mg compact), operated at
compression forces of about 4 to about 16 kN (about 900 to about 3600 1bf) for a dwell
time of at least about 4 seconds has been found to give satisfactory results. Illustratively,
such compacts can be prepared at 1000, 1500, 2000 and 3000 1bf (4.45, 6.67, 8.90 and
13.34 kN). Preferably a dwell time of at least about 10 seconds, more preferably at least
about 30 seconds, still more preferably at least about 60 seconds, is used. Illustratively, a
dwell time of 90 seconds has been found to give satisfactory results. Weight, diameter
and thickness of each compact are measured accurately (alternatively, diameter can be
assumed to equal that of the tooling) to enable calculation of apparent density and hence
solid fraction, absolute density having been measured as described above, for example by
helium-air pycnometry.
[0071]  Hardness of each compact thus prepared is then determined by any suitable
tablet hardness test, for example using a Key HT 500 bardness tester. Hardness is a
measure of the force required to cause crushing of the compact, and is typically expressed
in units such as kiloponds (kp) or Strong-Cobb units (SCU). A hardness of about 10.2 kp
or about 14.4 SCU corresponds to a force of 0.1 kN,
[0072] For present purposes it is considered that crushing strength of the compact is
equivalent to tensile strength. Thus tensile strength (or, m kN cm™) can be calculated
from the equation

oy = 2F/nDH

where F is the force required to cause crushing (in kN), D is diameter of the compact (in
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cm) and H is thickness of the compact (in cm). For example, a compact of diameter 0.7
cm and thickness 0.4 cm having a hardness of 20 SCU (equivalent to a force of 0.139 kN)
has a calculated tensile strength of 0.316 kN cm?,

[0073] The relationship between tensile strength and solid fraction is next established

for the starch sample. This can be done by plotting data for tensile strength and solid
fraction on a graph (solid fraction tends to increase with increasing compression force
during preparation of the compact) or by performing a regression analysis. From that
relationship, tensile strength at a standardized value of solid fraction can be estimated.
The standardized value selected is one that is representative of the solid fraction of a
desired sustained-release tablet, e.g., 0.8.

[0074]  Where the material of the compact is pregelatinized starch, it has been found b

that tensile strength as determined in a simple test as described immediately above is

surprisingly close to a “true” tensile strength measurement as determined by the triaxial

tensile strength test method previously described, which in turn is essentially similar to

methods known in the art such as that disclosed by Hiestand & Smith (1984), op. cit.

[0075] It has also been found that a longer dwell time (e.g., 90 seconds) in the test

method of the present invention gives a better correlation with triaxial tensile strength

than a very short dwell time (e.g., 4 seconds). See Example 1 below and Figs. 1 and 2.

[0076] An especially preferred starch has a tensile strength of at least about 0.175 kN

cm”, even more preferably at least about 0.2 kN cm™, at a solid fraction representative of

a desired sustained-release tablet.

[0077] Even among commercially available pregelatinized starches, the preferred A

type of starch for use in a composition of the present embodiment, considerable variation

exists in tensile strength. Pregelatinized starches not meeting the tensile strength criterion

established herein are not readily identified without testing, for example by a method as ,
disclosed above. Such pregelatinized starches are generally unsuitable for commercial- |
scale manufacture of a sustained-release matrix tablet formulation of pramipexole,

because of a problem as set forth immediately below.

[0078] An uncoated tablet, or a tablet core prior to coating, comprising starch and a

hydrophilic polymer acting as a matrix for a water-soluble drug or prodrug requires to

have a certain minimum hardness in order to be able to resist breakage and/or attrition

due to mechanical stresses imposed during a high-speed tableting operation (including all

steps up to and including filling of the tablets into containers). The minimum acceptable \

14



WO 2004/010999 PCT/US2003/023522

hardness will depend on a number of factors, including the severity of the mechanical
stresses, but is typically at least about 20 SCU, preferably at least about 22 SCU, more
preferably at least about 24 SCU (about 17 kp).

[0079]  Hardness can be increased by increasing the compression force applied by the
tablet press, but only up to a certain level. At least in the case of tablets as described
herein, above a certain compression force, further increases in compression force give
little or no further increase in tablet hardness. There is, in other words, a maximum
hardness achievable by compression of a particular starch/hydrophilic polymer/active
agent composition. A starch providing a maximum hardness inadequate to withstand the
mechanical stresses of a high-speed tableting operation is unsuitable for the present
purpose. As shown in Fig. 3, certain pregelatinized starches have been found to provide a
maximum hardness of 20 SCU or less; these are now identified as starches having low
tensile strength (0.1 kN cm™ or Jess according to the test method of the invention utilizing
a dwell time of 90 seconds).

[0080] Even if a maximum hardness of at least about 20 SCU is achievable, with a
starch of low tensile strength it may be achievable only by use of extremely high
compression forces. A requirement for such forces reduces speed and efficiency and
increases cost of a tableting operation and is undesirable for these reasons.

[0081] Where tablets are to be subjected to an additional process step after
compression, in particular a coating step, exposure to mechanical stresses is greatly
increased. According to a preferred embodiment, therefore, the sustained-release tablet of
the invention further comprises a coating.

[0082] Particularly for a highly water-soluble salt such as pramipexole
dihydrochloride, a hydrophilic polymer matrix is often inadequate to provide sustained
release of sufficiently long duration to permit once daily administration. It is believed
that such a salt is readily leached out of the hydrophilic matrix when contacted by an
aqueous medium such as gastrointestinal fluid. It is therefore desirable to further slow the
process of drug release by providing a release-controlling coating around the tablet. Such
a coating typically comprises a hydrophobic or water-insoluble polymer component such
as ethylcellulose together with a hydrophilic or water-soluble pore-forming component
such as HPMC, |
[0083]  Where a starch is used having a tensile strength of at least about 0.15 kN cm”,
preferably at least about 0.175 kN cm™, more preferably at least about 0.2 kN cm?, at a
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solid fraction representative of the tablet (e.g., about 0.75 to about 0.85), the composition
is found to be especially suited to a high-speed tableting operation that includes a step of
coating the tablet with a release-controlling layer.

[0084]  Alternatives to ethylcellulose and HPMC as components of a release coating
layer include other cellulosic polymers (e.g., methylcellulose, hydroxypropylcellulose,
hydroxyethylcellulose, carboxymethylcellulose sodium, cellulose esters such as cellulose
acetate, efc.), polyvinyl acetate, polyvinyl pyrrolidone, polymers and copolymers of
acrylic acid and methacrylic acid and esters thereof, polyethylene glycol, carrageenan and
other gums, and the like.

[0085] A release-controlling layer, if present, typically constitutes about 1% to about
15%, preferably about 2.5% to about 10%, by weight of the tablet as a whole. The
hydrophobic or water-insoluble component, preferably comprising ethylcellulose,
typically constitutes about 1% to about 10%, preferably about 2% to about 7%, by weight
of the tablet as a whole. The pore-forming component, preferably comprising HPMC, is
typically present in an amount of about 5% to about 50%, preferably about 10% to about
40%, by weight of the water-insoluble or hydrophobic component.

[0086]  The coating, if present, can optionally contain additional pharmaceutically
acceptable excipients such as plasticizers, dyes, efc.

[0087] Illustrativély, a release-controlling layer in an amount of about 2.5% to about
5% by weight of the tablet core (i.e., the tablet weight excluding the coating) comprises
an ethylcellulose-based material (e.g., Surelease® of Colorcon) and an HPMC-based
pore-forming material (e.g., Opadry® of Colorcon) in a weight ratio of about 3:1 to about
4:1.

[0088] A release-controlling layer or coating should be applied at as uniform a
thickness as possible to provide optimum control of release rate of the pramipexole.
[0089] Alternatively or in addition, the sustained-release tablet of the invention
comprises a nonfunctional coating. A nonfunctional coating can comprise a polymer
component, for example HPMC, optionally with other ingredients, for example one or
more plasticizers, colorants, efc. The term “nonfunctional” iﬁ the present context means
having substantially no effect on release properties of the tablet, and should not be read to
imply that the coating serves no useful purpose. For example, such a coating can impart a
distinctive appearance to the tablet, provide protection against attrition during packaging

and transportation, improve ease of swallowing, and/or have other benefits. A
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nonfunctional coating should be applied in an amount sufficient to provide complete
coverage of the tablet. Typically an amount of about 1% to about 10%, more typically an
amount of about 2.5% to about 5%, by weight of the tablet as a whole, will be found
suitable.

[0090]  Uncoated tablets and cores of coated tablets of the present embodiment can
optionally contain one or more pharmaceutically acceptable excipients in addition to the
starch and hydrophilic polymer components described above. Such excipients include
without limitation glidants and lubricants. Other conventional excipients known in the art
can also be included. |

[0091] A glidant can be used to improve powder flow properties prior to and during
tableting and to reduce caking. Suitable glidants include colloidal silicon dioxide,
magnesium trisilicate, powdered cellulose, starch, talc, tribasic calcium phosphate and the
like. In one embodiment, colloidal silicon dioxide is included as a glidant in an amount
up to about 2%, preferably about 0.2% to about 0.6%, by weight of the tablet.

[0092] A lubricant can be used to enhance release of a tablet from apparatus on which
it is formed, for example by preventing adherence to the face of an upper punch
(“picking”) or lower punch (“sticking™). Suitable lubricants include magnesium stearate,
calcium stearate, canola oil, glyceryl palmitostearate, hydrogenated vegetable oil,
magnesium oxide, mineral oil, poloxamer, polyethylene glycol, polyvinyl alcohol, sodium
benzoate, sodium lauryl sulfate, sodium stearyl fumarate, stearic acid, talc, hydrogenated
vegetable oil, zinc stearate and the like. In one embodiment, magnesium stearate is
included as a lubricant in an amount of about 0.1% to about 1.5%, preferably about 0.3%
to about 1%, by weight of the tablet.

[0093] Tablets can be of any suitable size and shape, for example round, oval,
polygonal or pillow-shaped, and optionally bear nonfunctional surface markings.
Especially in the case of coated tablets they are preferably designed to be swallowed
whole and are therefore typically not provided with a breaking score. Dosage unit
compositions of the invention can be packaged in a container, accompanied by a package
insert providing pertinent information such as, for example, dosage and administration
information, contraindications, precautions, drug interactions and adverse reactions.
[0094] There is also provided a method of treatment of a subject having a condition or
disorder for which a dopamine D, receptor agonist is indicated, the method comprising

orally administering to the subject, not more than once daily, an orally deliverable
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pharmaceutical composition comprising a therapeutically effective amount of
pramipexole or a pharmaceutically acceptable salt thereof and at least one
pharmaceutically acceptable excipient, said composition exhibiting at least one of:

(2) an in vitro release profile wherein no more than about 20% of the pramipexole
is dissolved within 2 hours after placement of the composition in a standard
dissolution test as defined herein; and

(b) an in vivo pramipexole absorption profile following single dose administration
to healthy adult humans wherein the time to reach a mean of 20% absorption
1s greater than about 2 hours and/or the time to reach a mean of 40%
absorption is greater than about 4 hours.

[0095] The method is particularly useful where the condition or disorder is
Parkinson’s disease or a complication associated therewith,

[0096] Suitable daily dosage amounts of pramipexole include 0.375, 0.5, 0.75, 1.0,
1.5, 3.0 and 4.5 mg, expressed as pramipexole dihydrochloride monohydrate.

EXAMPLES

Example 1
[0097] Pramipexole dihydrochioride sustained-release tablets were prepared having

the compositions shown in Table 1.

Table 1. Composition of pramipexole dihydrochloride tablets of Example 1

Ingredient Amount (mg)

pramipexole dihydrochloride |0.375]| 0.75 | 1.5 | 3.0 | 4.5 0375|0375 45
monohydrate

HPMC type 2208, 4000 mPa s | 140.0 | 140.0| 140.0| 140.0| 140.0} 70.0 }157.51157.5

pregelatinized starch 206.51206.1}205.41203.9/202.4[101.5]189.0}184.9
colloidal silicon dioxide 14 {14 |14 ] 14 ] 14 14 1 14 | 14
magnesium stearate 1.75 V1751 175 1 1751 175 | L.75 | 1.75 | 1.75
total 350 { 350 | 350 | 350 | 350 | 175 | 350 | 350

[0098]  All ingredients except the lubricant (magnesium stearate) were screened to
remove lumps and were blended thoroughly in a low-shear mixer operating at 24 rpm for
10-30 minutes. The lubricant was then screened into the mixer and the materials were
blended for a further 2-5 minutes. The resulting lubricated mixture was compressed into

350 mg pillow-shaped tablets using a Kilian S100 tableting machine.

Example 2
[0099] Coated sustained-release tablets of pramipexole dihydrochloride were
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prepared having the composition shown in Table 2.

Table 2. Composition of coated tablets of Example 2

Ingredient Amount (mg)
pramipexole dihydrochloride monohydrate 0.375
HPMC type 2208, 4000 mPa s 140.0
pregelatinized starch 206.5
colloidal silicon dioxide 1.4
magnesium stearate 1.75
total core 350
ethylcellulose-based coating material (Surelease®) 7.88
HPMC-based coating material (Opadry®) 2.63
total coating 10.5

[0100]  Tablet cores were prepared exactly as in Example 1. A coating solution was
prepared as follows. Opadry® HPMC-based material in an amount of 6.004 g was added
to 106.682 g water and mixed for 45 minutes to provide an HPMC mixture. Next, 72.045
g Surelease® ethylcellulose-based material was added to the HPMC mixture and mixed
for an additional 30 minutes to provide a coating solution.

[0101]  The coating solution was applied to the tablet cores in an amount providing a
3% weight gain. The resulting coated tablets were cured using a 12 inch (about 30 cm)
Vector LCDS or 24 inch (about 60 cm) Thomas Accela-Coata coating pan for about 15
minutes at a bed temperature of at least about 70°C. After curing, temperature was

ramped down over a period of about 8 minutes to an exhaust temperature of about 45°C.

Example 3
[0102] Coated sustained-release tablets of pramipexole dihydrochloride were

prepared having the composition shown in Table 3.

Table 3. Composition of coated tablets of Example 3

| Ingredient Amount (mg)
pramipexole dihydrochloride monohydrate 0.375
HPMC type 2208, 4000 mPa s 140.0
pregelatinized starch 206.5
colloidal silicon dioxide 1.4
magnesiuim stearate 1.75
total core 350
ethylcellulose-based coating material (Surelease®) 8.4
HPMC-based coating material (Opadry®) 2.1
total coating 10.5
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[0103]  Tablet cores were prepared exactly as in Example 1. A coating solution was
prepared as follows. Opadry® HPMC-based material in an amount of 4.801 g was added
to 103.041 g water and mixed for 45 minutes to provide an HPMC mixture. Next, 76.819
g Surelease® ethylcellulose-based material was added to the HPMC mixture and mixed
for an additional 30 minutes to provide a coating solution.

[0104]  Coating to a 3% weight gain and curing of the coated tablets were performed

exactly as in Example 2.

Example 4
[0105]  Coated sustained-release tablets of pramipexole dihydrochloride were

prepared having the composition shown in Table 4.

Table 4. Composition of coated tablets of Example 4

Ingredient Amount (mg)
pramipexole dihydrochloride monohydrate 0.375
HPMC type 2208, 4000 mPa s 140.0
pregelatinized starch 206.5
colloidal silicon dioxide 1.4
magnesium stearate 1.75
total core 350
ethylcellulose-based coating material (Surelease®) 13.13
HPMC-based coating material (Opadry®) 4.38
total coating 17.5

[0106]  Tablet cores were prepared exactly as in Example 1. A coating solution was
prepared as follows. Opadry® HPMC-based material in an amount of 10.003 g was
added to 177.737 g water and mixed for 45 minutes to provide an HPMC mixture. Next,
120.03 g Surelease® ethylcellulose-based material was added to the HPMC mixture and
mixed for an additional 30 minutes to provide a coating solution.

[0107]  Coating to a 3% weight gain and curing of the coated tablets were performed
exactly as in Example 2. After this first curing step, coating was repeated to provide a
total tablet weight gain of about 5%, followed by curing for about 15 minutes at a bed
temperature of at least about 70°C. After curing, temperature was ramped down over a

period of about 8 minutes to an exhaust temperature of about 45°C.

Example 5
[0108]  Coated sustained-release tablets of pramipexole dihydrochloride were

prepared having the composition shown in Table 5.

20

3!

&



WO 2004/010999 PCT/US2003/023522

Table 5. Composition of coated tablets of Example 5

Ingredient Amount (mg)
pramipexole dihydrochloride monohydrate 0.375
HPMC type 2208, 4000 mPa s 140.0
pregelatinized starch 206.5
colloidal silicon dioxide 1.4
magnesium stearate 1.75
total core 350
ethylcellulose-based coating material (Surelease®) 14.0
HPMC-based coating material (Opadry®) 3.5

total coating 17.5

[0109]  Tablet cores were prepared exactly as in Example 1. A coating solution was
prepared as follows. Opadry® HPMC-based material in an amount of 8.002 g was added
to 171.735 g water and mixed for 45 minutes to provide an HPMC mixture. Next,
128.032 g Surelease® ethylcellulose-based material was added to the HPMC mixture and
Imixed for an additional 30 minutes to provide a coating solution.

[0110] Coating to a 5% total weight gain and curing of the coated tablets were

performed exactly as in Example 2.

Example 6
[0111]  Dissolution profiles of the pramipexole dihydrochloride tablets of each of

Examples 1, 2 and 5 were evaluated in a standard in vitro USP dissolution assay under the
following conditions. USP apparatus 1 was used to stir a dissolution medium (900 ml of
0.05M phosphate buffer at a pH of 6.8) at a spindle rotation speed of 100 rpm and a
temperature of 37°C.

[0112] Data are shown in Fig. 1. The uncoated tablet of Example 1 and the tablet of
Example 2 having a 3% coating comprising 25% pore-former exhibited very similar
overall dissolution profiles. On close inspection, however, it will be noticed that the
uncoated tablet of Example 1 showed faster initial dissolution, such that at 1 hour and 2
hour sampling times the percent dissolved was greater, than in the case of the coated
tablet of Example 2. For example, at 1 hour, the coated tablet of Example 2 showed only
11% dissolution, while the uncoated tablet of Example 1 showed 15% dissolution.
Similarly, at 2 hours, the coated tablet of Example 2 showed no more than 20%
dissolution, while the uncoated tablet of Example 1 showed 24% dissolution.

[0113] Dissolution of the tablet of Example 5 having a 5% coating comprising 20%

pore-former exhibited 2 dissolution profile much slower than either the tablet of Example
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1 or the tablet of Example 2.

Example 7

[0114]  An in vivo study was conducted in healthy human volunteers to assess
bioavailability of pramipexole formulated as the sustained-release or extended-release
(XR) tablets of Examples 1, 2 and 5 by comparison with a reference treatment with
immediate-release (IR) pramipexole dihydrochloride tablets, and to evaluate safety of

pramipexole when its absorption profile is altered as in these extended-release tablets.

Method
[0115] The study followed an open-label, 4-way, randomized crossover design and
was conducted in healthy male and female subjects ranging from 18 to 55 years of age.
The subjects receiffed each of the four treatments during the course of the study, which b
was conducted at a single center. A total of 12 subjects were enrolled. The subjects were
fasted overnight and then given a 0.375 mg oral dose of pramipexole dihydrochloride
monohydrate. In the case of the IR formulation, which was provided as Mirapex®
tablets, three equally divided doses of 0.125 mg each were given at 8-hour intervals,
beginning in the morning. Inthe case of the XR formulations of Examples 1,2 and 5, a
single 0.375 mg tablet was given in the morning. Serial blood samples were taken over a
48-hour period for PK assessment. Adverse events were recorded during the same 48-
hour period. _
[0116]  Plasma pramipexole concentrations were quantitated by an HPLC-MS/MS
method, validated over the assay range 0.05-15 ng/ml. All runs met bioanalytical
acceptance criteria for calibration standards and quality control. Samples were not b
diluted prior to analysis as all sample concentrations were within the limits of
quantitation.
[0117] PK parameters for pramipexole were estimated by non-compartmental
methods, using the nonlinear regression program Kinetica of Innaphase. Individual
plasma concentration data and the actual time-points of blood sampling from each subject
were used in the analysis. Plasma concentrations below the lower limit of quantitation at
early time-points were set to zero, whereas those in the terminal phase were excluded
from the analysis. '
[0118]  In vivo pramipexole absorption data were derived by a deconvolution routine

employing the Kinetica program. To perform this analysis, a fit of the pramipexole data
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from the reference treatment was first made to a one-cormpartment open PX disposition
model with first order absorption. Based on this fit, plasma pramipexole concentrations
were simulated for a 0.375 mg intravenous bolus dose of pramipexole. These simulated
pramipexole concentrations were used in the deconvolution routine.

[0119]  In vitro/in vivo correlations for each of the pramipexole XR formulations were
examined by evaluating a linear relationship of in vivo absorption as a function of in vitro
dissolution.

[0120] Prediction of mean steady-state concentrations arising from repeated daily
dosing was performed by interpolation of hourly concentrations from individual subjects’
observed concentration/time data and then by the principle of supefposition, estimating
the concentrations during the 6th day of dosing. Estimates of half-life obtained from this
study, which were consistent with values reported previously, indicate that steady state
would be achieved by the 4th day. The steady-state parameters Tmax, Cmax, Crnin, AUCq,
Cavg (calculated as AUCy4/7) and FR (fluctuation ratio, calculated as (Crpax—Cuin)/Cavg)

were also estimated during this exercise.

Results
[0121] Of the 12 subjects enrolled, 10 completed the study. Two subjects were
dropped prior to receiving the reference treatment, therefore their data were not included
in the PK analysis.
[0122]  Mean plasma pramipexole concentrations over the 48-hour assessment period
are shown in Fig. 2. PK estimates derived from the individual subject data are provided
in Table 6.

Table 6. PK parameters (mean = standard deviation)

IR tablet XR tablets
(Mirapex®) Example 1 Example 2 Example 5
AUC_ (ng.h/ml) 9.93 £3.05 9.05+3.24 9.66 =291 8.91+4.15
AUCy43 (ng.h/ml) | 8.60 % 2.63 7.76 +2.83 7.60+2.00 | 7.07+2.77

Parameter

Cuax (ng/ml) 0.433 +£0.083 * | 0.332 +0.076 | 0.282 £ 0.069 | 0.242 & 0.062
Tinax (h) 15.9+£3.4 * 6.2 £2.0 12.0+5.3 15.6 £6.2
Tz (b) 9.1+2.6 11.4:+4.1 11.9 +2.8 12.1+6.0

* reached after third 0.125 mg tablet

[0123]  Mean cumulative absorption data (up to 24 hours) for the XR tablets are

shown in Table 7, together with corresponding in vitro dissolution data from Example 6.
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Table 7. In vitro dissolation and in vivo absorption data for XR tablets

Time Example 1 Example 2 Example 5
(h) % diss. | % abs. | Y% diss. | % abs. | % diss. | % a!)s.
(in vitro) | (in vivo) | (in vitro) | (in vive) | (in vitro) | (in vivo)
0 0 0.0 0 0.0 0 0.0
1 15 10.6 11 3.3 2 0.0
2 24 21.1 20 13.2 7 0.5
4 36 432 34 30.0 20 15.0
6 47 52.3 46 39.4 31 23.9
8 55 57.8 55 45.6 41 29.6
12 69 68.6 70 57.1 56 41.6
16 79 75.5 80 67.4 69 51.1
24 90 83.6 92 83.2 85 64.8

[0124]  In vitro/in vivo correlation plots derived from the data of Table 7 are shown in
Figs. 3-5 for the XR tablets of Examples 1, 2 and 5 respectively.
[0125] Estimated PK parameters calculated from predicted steady-state

concentrations are given in Table 8.

Table 8. Estimated steady-state PK parameters (mean + standard deviation)

Parameter IR tablet XR tablets

(Mirapex®) | Example 1 | Example 2 | Example 5

| Tonax (h) 54+1.9 56+1.3 8.0+2.8

Coax (ng/ml) 0.53+0.13 10.49+0.151048+£0.14]0.41 £0.14
Crin (ng/ml) 0.29+0.14 {0.22+0.1210.27+0.11 | 0.25+0.15
Cavg (ng/ml) 0.40+0.13 {0.36+:0.14 ] 0.38 +£0.12 | 0.34 £ 0.15
AUCy. (ng.b/ml) | 9.63 £3.12 |8.66+£3.299.00+2.92 | 8.06 +3.52
FR "1 0.66+0.22 ]0.87+0.310.61:0.18{0.62+0.45

[0126]  The subjects dropped from the study experienced a non-serious adverse event,
orthostatic hypotension. Both subjects were receiving treatment with the XR tablet of
Example 1 when this adverse event occurred.

[0127]  No serious adverse events were reported in the study. The most frequently
reported event was orthostatic hypotension, all but two of which were considered

transient in nature. The numbers of individual non-serious adverse events reported for

each treatment are given in Table 9.
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Table 9. Numbers of non-serious adverse events reported

IR tablet XR tablets
(Mirapex®) | Example 1 | Example 2 | Example 5
No. of subjects 10 12 11 10
All events 9 17 8 5
Orthostatic hypotension 1 5 2 1
Discussion

[0128]  The mean plasma pramipexole concentration profile shown in Fig. 2 clearly
shows the tablets of Examples 1, 2 and 5 effectively extended the release of pramipexole
relative to the IR tablet. The XR tablets of Examples 1 and 2 exhibit a delay of
approximately 1 hour in onset of absorption, whereas quantifiable levels of pramipexole
were not observed until about 3 hours after administration of the XR tablet of Example 5.
[0129] The derived PK parameters given in Table 6, in particular the Cpax and Tmax
data, indicate that of the XR tablets, the tablet of Example 1 exhibited the fastest and the
tablet of Example 5 the slowest absorption, the tablet of Example 2 being intermediate in
this regard.

[0130]  The relatively high incidence of non-serious adverse events associated with
the tablet of Example 1 suggests that the relatively rapid release of pramipexole from this
formulation, leading to a relatively high Cpay, is detrimental to the safety profile of such a
formulation. On the other hand, the tablets of Examples 2 and 5 exhibit a safety profile
that is at least as favorable as the IR tablet administered three times daily. As shown in
Table 8, the predicted fluctuation ratio was also greatest for the tablet of Example 1.
[0131] As shown in Figs. 3-5, a strong in vitro/in vivo correlation was established
within each formulation. Surprisingly, however, the in vitro dissolution data did not
clearly distinguish the uncoated tablet of Example 1 from the coated tablet of Example 2,

except, as pointed out above, at the earlicst sampling times.
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WHAT IS CLAIMED IS:
1. Anorally deliverable pharmaceutical composition comprising a therapeutically

effective amount of pramipexole or a pharmaceutically acceptable salt thereof and at

least one pharmaceutically acceptable excipient, said composition exhibiting at least

one of (a) an in vitro release profile wherein on average no more than about 20% of N
the pramipexole is dissolved within 2 hours after placement of the composition in a

standard dissolution test; and (b) an in vivo pramipexole absorption profile

following single dose oral administration to healthy adult humans wherein the time

to reach a mean of 20% absorption is greater than about 2 hours and/or the time to

reach a mean of 40% absorption is greater than about 4 hours.

The composition of Claim 1 that exhibits an in vitro release profile wherein on
average no more than about 20% of the pramipexole is dissolved within 2 hours
after placement of the composition in a standard dissolution test conducted
according to USP 24 using Apparatus 1 with a spindle rotation speed of 100 rpm
and a dissolution medium of 0.05M phosphate buffer, pH 6.8, at 37°C, or a test

substantially equivalent thereto. b

The composition of Claim 2 wherein no more than about 12% of the pramipexole

dissolves within 1 hour in said test.

The composition of either of Claims 2 or 3 wherein time to reach 50% dissolution is
at least about 4 hours, preferably at least about 6 hours, more preferably at least

about 8 hours, and most preferably at least about 12 hours.

The composition of Claim 1 that exhibits an in vivo pramipexole absorption profile
following single dose oral administration to healthy adult humans wherein the time
to reach a mean of 20% absorption is greater than about 2 hours and/or the time to

reach a mean of 40% absorption is greater than about 4 hours.

The composition of Claim 5 wherein the time to reach a mean of 40% absorption is \

at least about 5 hours, preferably at least about 6 hours.

The composition of any of the preceding claims that, when administered once daily,
exhibits a bioavailability substantially equivalent to an equal daily dose of an
immediate-release pramipexole dihydrochloride reference formulation, administered

three times a day.
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10.

11.

12.

14.

15.

16.

17.

18.

The composition of any of the preceding claims that, following single dose
administration of 0.375 mg, expressed as pramipexole dihydrochloride monohydrate
equivalent, exhibits a maximum plasma concentration (Cpayx) of pramipexole that is

not greater than about 0.3 ng/ml

The composition of any of the preceding claims that exhibits a time to reach
maximum plasma concentration (Tmax) of pramipexole that is at least about 6 hours,

preferably at least about 8 hours, following administration of the composition.

The composition of any of the preceding claims that exhibits a pharmacokinetic
profile consistent with steady-state plasma concentrations having a fluctuation ratio
that is not substantially greater than that of an equal daily dose of an immediate-
release pramipexole dihydrochloride reference formulation, administered three

times a day.

The composition of Claim 1 that comprises release-modifying means effective to
provide said in vitro release profile and/or said in vivo pramipexole absorption

profile.

The composition of Claim 11 wherein said release-modifying means is selected
from the group consisting of a polymer matrix wherein the pramipexole is

dispersed; a release-controlling layer or coating; and an osmotic pump.

The composition of any of the preceding claims wherein the pramipexole is in a
form of a pharmaceutically acceptable salt thereof having moderate to high

solubility in water.
The composition of Claim 13 wherein said salt is pramipexole dihydrochloride.

The composition of any of the preceding claims that is in the form of discrete

dosage units.

The composition of Claim 15 wherein the amount of pramipexole in each dosage
unit is sufficient to provide a daily dose in one to a small plurality of dosage units

administered at one time.

The composition of Claim 16 wherein a full daily dose is contained in a single

dosage unit.

The composition of Claim 16 that comprises about 0.1 to about 10 mg, preferably
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about 0.2 to about 6 mg, and more preferably about 0.3 to about 5 mg, pramipexole,

expressed as pramipexole dihydrochloride monohydrate equivalent, per dosage unit.

19. A method of treatment of a subject having a condition or disorder for which a
dopamine receptor agonist is indicated, the method comprising orally administering
to the subject, not more than once daily, the composition of any of the preceding
claims.

20. The method of Claim 19 wherein the condition or disorder is Parkinson’s disease or

a complication associated therewith.
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restricted to the invention first mentioned in the claims; itis covered by claims Nos.:

Remark on Protest | l The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.
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Continuation of Box I.1

Although claims 19 and 20 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the
alleged effects of the compound/composition.

Continuation of Box I.1

Claims Nos.: 19,20

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
therapy

Continuation of Box 1.2

Claims Nos.: 1-20 partially

Present claims 1-20 relate to a sustained-release formulation of
pramipexole defined by reference to desirable characteristics or
properties thereof expressed in terms of parameters, namely: i) a
particular in vitro release profile; and/or ii) a particular in vivo
absorption profile. The claims cover all formulations exhibiting these
characteristics or properties, whereas the application provides support
within the meaning of Article 6 PCT and/or disclosure within the meaning
of Article 5 PCT for only a very Timited number of such pharmaceutical
compositions. In the present case, the area covered by the claims is
broader than justified by the extent of the disclosure. As a consequence,
the claims so lack support, and the application so lacks disclosure, that
a meaningful search over the whole of the claimed scope is impossible.

In particular, the use of the parameter "in vitro release profile” (claim
2) in the present context is considered to lead to a lack of clarity
within the meaning of Article 6 PCT. It is impossible to compare the
parameter the applicant has chosen to employ with what is set out in the
prior art. This applies also particularly to claims 7 and 10, wherein the
subject-matter for which protection is sought is defined in terms of
comparison versus a "reference formulation" of unknown characteristics.
The lack of clarity is such as to render a meaningful complete search
jmpossible.

Moreover, independent of the above reasoning, the claims also attempt to
define the pharmaceutical formulation by reference to a result to be
achieved (a particular release profile and/or a particular absorption
profile), this leading to lack of clarity of the claims. Again, this lack
of clarity in the present case is such as to render a meaningful search
over the whole of the claimed scope impossible.

Consequently, the search has been restricted to those parts of the claims
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which appear to be clear, supported and disclosed, namely those parts
relating to the sustained-release formulations of pramipexole as
disclosed in the description in connection with the specific embodiments
described in the examples, i.e. coated matrix tablets wherein the matrix
is based on a combination of pregelatinized starch and HPMC.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
js advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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