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N

Yo, CARLOS R. OLARTE, mayor de c.:dad y vecino de Bogota, D.C., identificado tal como
}'s'\_'gliparccc al pie de mi firma, reasumiendo el poder a mi conferido por la sociedad Bayer Schering
Pharma Akticngesellschaft, me permito n1anifcst_ér_ lo siguiente, dentro del plazo legal de
prc’J.rroga previsto en ¢l articulo 43 de ta Dccisién'48§; é_mlc la oposicidn interpuesta por ¢l Doctor

Jose Luis Reyes Villamizar, actuando como apodei'a'd‘fi"'ac la socicdad TECNOQUIMICAS S.A.:

BT

1. En primer lugar, con cl dnimo de brindar mayor claridad a la materia reivindicada, me

pcrmlto presentar un Capitulo Reivindicatorio Mndlficado que reemplaza cn su totalidad al

(,apﬂulo Reivindicatorio Modificado de fecha 20 de scptlembre de 2010. Para tal efecto, adjunto

-  un recibo de pago que cubre la tasa de modificacion correspondiente.

’Asl c;monccs, ¢l Capitulo Reivindicatorio Modiﬁcaii_o 'cgnticnc los siguientes cambios:
: — cn la nueva Reivindicacion 1 se.clij_j}]in‘é_ la expresion “liberacion inmediata™ y la
condicidn de que la composicion [’arxp;ﬁ_iic{c_’i;tica no contiene Vitamina B12;
— ¢n la nueva Reivindicacion 1 se 111cor136r0 la materia reivindicada en la antigua
Reivindicacidén 13, es decir, sc limitld fa Rcivindicacion 1 a una forma dc

dosificacion unitana, oral y solida (tal como un comprimido);
he,
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~ el 4cido tetrahidrofdlico de la antigua Reivindicacién 1, se limité en la nueva
Reivindicacién 1 a el 4cido 5-metil-(6S)-tratrahidrofolico, o wuna sal
farmacéuticamente aceptable del mismo, lo cual encuentra soporte en la antigua
Reivindicacion 7;

— en la nueva Reivindicacidn 1 se limité el vehiculo farmacéuticamente aceptable,
especificamente a celulosa microcristalina. Lo anterior encuentra soporte en el
Capitulo Descriptivo, paginas 22, 37 y 38;

— se limita la nueva Reivindicacion 1 al introducir la materia de la antigua
Reivindicacién 11, mediante la cual se especifica que la composicién reclamada
comprende granulos que contienen un progestageno, un estrégeno y celulosa
microcristalina;

— se especifico que el acido 5-metil-(68)-tratrahidrofdlico, o wuna sal
farmacéuticamente aceptable del mismo, se encuentra como componente de fase
externa, es decir, que no forma parte de los granulos, lo cual encuentra soporte en
el Capitulo Descriptivo, paginas 41 y 42,

— se eliminaron las antiguas Reivindicaciones 7, 10 a 13, 18 y 19,

— las antiguas Reivindicaciones 8, 9, 14 a 16 y 20 se reenumeraron en las nuevas
Reivindicaciones 7 a 11 y 13, respectivamente;

— se introduce la nueva Reivindicacién 12, en la que se combina la materia de las
antiguas Reivindicaciones 17 y 19, de acuerdo con las limitaciones de la nueva

Reivindicacion 1.

Valga anotar que las modificaciones efectuadas al Capitulo Retvindicatorio cumplen a cabalidad
con lo estipulado en el Articulo 34 de la Decision 486, ya que éstas de ninguna manera implican
una ampliacién de la proteccidn correspondiente a la divulgacion contenida en la solicitud inicial,

por el contrario, éstas corresponden a una franca limitacion de la materia reivindicada.

2. a- El Opositor argumenta que la solicitud incluye reivindicaciones que reclaman

usos, las cuales no son patentables.

b- Aparentemente, el Opositor no tuvo en cuenta el Capitulo Reivindicatorio
Modificado de fecha 20 de septiembre de 2010, en el que las Reivindicaciones 36 a 39 y 48 a 53
fueron eliminadas, y las cuales tampoco se encuentran en el Capitulo Reivindicatorio Modificado

adjunto, por lo que considero superada la anterior objecion.
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3. a- 1) El Opositor argumenta que en algunas reivindicaciones de la presente
invencién se hace mencion a la micronizacion o complejacion de los principios activos
(Reivindicaciones 10 a 12 y 7 a 9, respectivamente), el estado cristalino de una sal
(Reivindicaciones 15 y 16), la estabilidad (Reivindicaciones 20 y 21), las caracteristicas de
disolucién de la composicién bajo condiciones especificas (Reivindicaciones 18 y 19) y un
proceso de granulacién en un lecho fluidizado (Reivindicacién 43), los cuales se refieren a
procesos o estados de los reactivos o principios activos, plenamente conocidos en el estado del

arte, particularmente descritos en el documento “Tecnologia Farmacéutica'” (D1).

Particularmente respecto a la micronizacion de los componentes, el Opositor menciona que dicha
estrategia es ampliamente conocida dentro de las técnicas de formulacion para desarroilar un
medicamente con caracteristicas especiales de biodisponibilidad. De la misma forma, el Opositor
sefiala que la complejacion del principio activo con ciclodextrinas, especificamente el
etinilestradiol con beta-ciclodextrina, es una estrategia para la hidrozolubilizacién de firmacos

ampliamente conocida en el estado de la técnica.

En cuante al estado cristalino de una sal, e! Opositor menciona que es una consideracién
fisicoquimica a tener en cuenta en el proceso de elaboracién de la forma farmacéutica,
entendiendo que dicho estado cristalino no corresponde, por si mismo, a un aporte inventivo, sino

a una condicién inherente de los compuestos en estado sélido.

Por altimo, el Opositor sefiala que las reivindicaciones dirigidas a la estabilidad y las
caracteristicas de disolucién en condiciones especificas reclaman eventos rutinarios dentro de la
caracterizacién de toda forma farmacéutica, para lo cual existen diferentes ensayos de control de
calidad que miden dichos parametros (perfil de disolucién y estabilidad en condiciones normales

y aceleradas) los cuales no pueden ser considerados materia susceptible de ser patentada.

ii} Adicionalmente, el Opositor anota que la presente invencién no reviste
nivel inventivo ya que la adicidn de derivados de tetrahidrofolatos a métodos anticonceptivos
orales es ampliamente conocida. En particular, el Opositor sefiala los documentos “Folate

deficiency and oral contraceptives® (D2), “Folate deficiencies and cardiovascular patho]ogiesS”

' Vila Jato. T 1. Tecnologia Farmacéutica, Volumen i, paginas 42 a 49,109 a 115, 135 2 142, 195 a 201 y 350 2 362.
% Streiff, RR. “Folate deficiency and oral contraceptives”. Journal of the American Medical Association. § October
1970. Vol. 214, Pages 105-108.
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(D3), “Thrombophilia and stroke® (D4) y “Folate and the risk of colorectal, breast and cérvix

cancer: the epidemiological evidence®”

(D3), ya reconocian que los usuarios de anticonceptivos
presentaban deficiencias de folato o 4cido félico, y por lo tanto la asociacion de derivados de

folato o acido folico y anticonceptivos para reducir el riesgo de aparicién de diversos trastornos

no es inventivo.

Por 1itimo, el Opositor argumenta que las patentes W099/53910 (D6) y W003/070255 (D7) ya

revelaban la combinacion de un tratamiento de anticonceptivo y 4cido félico.

b- 1) De nuevo, al parecer el Opositor no realizé un analisis sobre la materia
reivindicada en el Capitulo Reivindicatorio Modificado de fecha 20 de septiembre de 2010, sino
en el Capitulo Reivindicado presentado al momento de radicar la presente solicitud, ya que las
reivindicaciones especificamente citadas (Reivindicaciones 7 a 12, 15, 16, 18, 19, 20, 21 y 43)
fueron eliminadas del dicho Capituio Reivindicatorio, y del Capitulo Reivindicatorio Modificado
adjunto.  Por consiguiente, las objeciones del Opositor elevadas en relacién con estas

-

reivindicaciones carecen de relevancia.

ii) Respecto al nivel inventivo de la presente invencidn, y en vista de las
referencias bibliograficas D1 a D5 citadas por el oponente en las notas a pie de pagina y la
materia del Capitulo Reivindicatorio Modificado adjunto, me permito a continuacién explicar los
desafios que debieron enfrentar los presentes inventores que estaban a cargo de la tarea de
desarrollar una forma de dosificacién que contenga una sal del acido 5-metil-(6S)-
tetrahidrofélico, senstble a la humedad. Por lo tanto, a continuacién me permito explicar la
esencia del invento y se discutirdn los antecedentes que deben ser tenidos en cuenta a la hora de

evaluar la actividad inventiva del objeto reivindicado en la presente solicitud de patente,

El formulador que pretende formular una nueva forma de dosificacion oral y sélida debe tener en
cuenta ciertas consideraciones. Por ejemplo, el formulador debera concentrar su atencion en
desarrollar una forma de dosificacién que i) proporcione una dosis exacta, efectiva y segura
del/los principio/s activo/s, y ii) mantenga la estabilidad del/los principio/s activo/s durante la

manufacturacién, el almacenamiento y la administracion (es decir, hasta que el principio activo

* Durand P. et al. “Folate deficiencies and cardiovascular pathologies”. Clin Chem Lab Med. Vol. 36. Pages 419-
429. 1998.

¢ Green, D, “Thrombophilia and stroke”. Top Stroke REabil. Vol. 10. Pages 21-33. 200. 10. Pages 21-33. 2003.

* M. Eichholzera, et al. “Folate and the risk of colorecial, breast and cérvix cancer: the epidemiological evidence”.
Swiss Med WKLY. Vol. 131. Pages 539-549, 200].
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alcance el sitio de absorcién en el intestino delgado). En el presente caso, el formulador debié

tener en cuenta diversos aspectos:

A) En primer lugar, la sal del 4cido 5-metil-(68)-tetrahidroflico es sensible a la
humedad, al aire y a la tensién mecanica. Por tal motivo, la sal del éacido 5-metil-(6S)-
tetrahidrofélico suele ser considerada demasiado sensible como para soportar las condiciones

usualmente empleadas, por ejemplo, en un proceso de granulacién humeda.

B) En segundo lugar, sabiendo que un anticonceptivo oral contiene hormonas
sexuales poco solubles, tales como el etinilestradiol y la drospirenona, es esencial que la forma de
dosificacion permita una liberacion suficientemente rdpida de estas hormonas a fin de asegurar
una bicdisponibilidad suficientemente alta (y, por ende, una seguridad anticonceptiva alta). En la
patente EP1214076 (ver Anexo 1) se demostré la importancia de proporcionar la drospirenona en
una forma de liberacion inmediata, a pesar de que dicho fArmaco tiende a isomerizarse en medio
acido. En vista de lo anterior, la primera opcién del formulador seria preparar la forma de

dosificacién oral y sélida por compresién directa.

Al seleccionar la compresién directa en lugar de la granulacidén seguida de la compresion, se
evitarian los problemas de inestabilidad de la sal del acido 5-metil-(6S)-tetrahidrofélico que el
formulador supone que ocurririan si dicho compuesto fuera sometido a un proceso de
granulacion. Ademés, el proceso de compresion directa contempla menos pasos o etapas y es

mas economico que el proceso de granulacion seguido de la compresion.

Asimismo, es sabido que, en lineas generales, una sustancia activa se libera mas rapidamente y
mas facilmente a partir de una forma de dosificacion oral y sélida, tal como un comprimido, que
ha sido preparada por compresion directa que a partir de un comprimido preparado por
granulacién y luego por compresién. Esto se demuestra, por ejemplo, en la figura 31-9, pagina
594, del libro “Remington’s Pharmaceutical Sciences” (ver Anexo 2 donde se encuentra copua de

la pagina 594).

Ademas, el técnico en la materia elegiria la celulosa microcristalina como excipiente principal

para la preparacion de una forma de dosificacién oral y solida por compresién directa.
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En la publicacién de Suzuki et al. (se adjunta copia de dicho documento como Anexo 3) se
explica que la celulosa microcristalina se usa ampliamente como excipiente en ios procesos de
compresioén directa (sin embargo, dicha publicacién no ensefia nada respecto del empleo de la

celulosa microcristalina en relacién con la granulacién) debido a sus buenas propiedades

mecanicas (fluidez y compactabilidad).

En la publicacién de Suzuki et al. se investiga el efecto de la cristalinidad de la celulosa
microcristalina sobre, entre otras cosas, la disolucién. De esta publicacién se desprende -como
era de esperarse- que la compresion directa de tabletas que contienen Avicel®PH101 sin tratar

produce una liberacién répida del farmaco activo (véase la Figura 5, pagina 229, del articulo de
Suzuki et al.).

Una enseflanza similar se desprende a partir de la pagina 1635 del libro “Remington’s
Pharmaceutical Science” (ver Anexo 2), en donde se explica que la “celulosa microcristalina

(Avicel) se emplea generalmente como excipiente en las formulas de compresion directa”.

En resumen, el técnico en la materia que pretende formular una forma de dosificacion oral y
s6lida que contiene un firmaco inestable, tal como una sal del 4cido S-metil-(68)-
tetrahidrofolico, y hormonas sexuales poco solubles que deben ser liberadas inmediatamente a
partir de la forma de dosificacion, habria contemplado, como primera opcidn, la preparacion por
compresion directa de una tableta que contiene celulosa microcristalina, tal como Avicel® PH

101, como excipiente principal. Esto mismo hicieron los inventores de la invencién aqui

reivindicada.

Tal como se puede apreciar en el Ejemplo 1 de la presente solicitud de patente, se preparé una
tableta que contenia celulosa microcristalina (Avicel® PH 101) por compresién directa. Tal
como s¢ indica en el mismo ejemplo, esta tableta exhibid una estabilidad satisfactoria respecto
del acido 5-metil-(6S)-tetrahidrofélico durante el ensayo en condiciones aceleradas de

almacenamiento.
Sin embargo, los inventores descubrieron con sorpresa que la disolucion de la drospirenona a

partir de tales tabletas era lenta ¢ insatisfactoria. Lo anterior se demuestra en la Figura 1 de la

presente solicitud de patente, en donde se observa que la liberacion del etinilestradiol y la sal del
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acido 5-metil-(6S)-tetrahidrofélico fue inmediata, mientras que la disolucién de la drospirenona

fue sorprendentemente lenta.

A fin de resolver el problema de la disolucién lenta de la drospirenona los inventores de la
presente invencidn optaron por variar el tipo y la cantidad de excipiente. Sin embargo, y tal
como se demuestra en los Ejemplos 2 a 4 de la presente solicitud de patente, los inventores no
lograron obtener una liberacién rapida y satisfactoria de la drospirenona a pesar de su intento de
incluir un cierto nimero de excipientes adicionales tales como lactosa monohidrato, polvo de

celulosa, y una combinacion de celulosa microcristalina y lactosa monohidrato.

Finalmente, los inventores de la presente solicitud de patente tomaron la decisién sorprendente de
intentar de resolver el problema a través de la preparacion de granulos que contenian celulosa

microcristalina.

Esta decision no era para nada convencional pues, ademds de emplear un proceso de
manufacturacion mdas complicado y més costoso donde la sal del 4cido 5-metil-(6S)-
tetrahidrofolico era agregada al final del proceso de granulacion, contradecia las ensefianzas del

arte previo.

Tal como se discutié mas arriba, y tal como se desprende de las ensefianzas de Remington, las
tabletas (o comprimidos) preparadas a partir de gradnulos suelen liberar el principio activo en
forma mas lenta que las tabietas preparadas por compresion directa (véase la pagina 594 del libro

de Remington, la cual se adjunta al presente escrito)

Asimismo, la celulosa microcristalina es uno de los materiales de relleno (o diluyente) mas
elegidos para el proceso de compresion directa. Sin embargo, ningun documento del arte previo,
incluyendo el articulo de Suzuki et al., se refiere a la celulosa microcristalina como “relleno de
eleccién” en relacion con la granulacién. De hecho, el dnico comentario al respecto se encuentra
en Remington (pagina 1635), en donde se ensefia que pequefias cantidades de celulosa
microcristalina (5-15%) pueden ser ventajosas en relacion con la granulacién himeda a fin de
reducir la cementacion (case-hardening) y el moteado de tabletas. Sin embargo, Remington no
hace referencia alguna respecto de la capacidad de la celulosa microcristalina de proporcionar

una liberacién rapida y suficiente del farmaco activo.
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Finalmente, Remington (pagina 1635) ensefia que en relacién con la granulacién himeda de
farmacos poco solubles (tales como las hormonas sexuales) es conveniente emplear diluyentes

solubles en agua a fin de evitar problemas de biodisponibilidad. Sin embargo, la celulosa

microcristalina es insoluble en agua. Esto se desprende claramente a partir de la ficha técnica
referente al Avicel® que se adjunta al presente escrito, en donde 1 final de la pagina 2 del Anexo

4, en donde se menciona “Solubilidad en agua (% en peso): insoluble”.

Por consiguiente, si la persona versada en la materia hubiera tenido la idea inusual de
manufacturar la forma de dosificacién oral y solida por granulacién, habria preferido seleccionar
un relleno (o diluyente) soluble en agua, tal como la lactosa, la sacarosa o el manitol, y no un

relleno insoluble en agua como la celulosa microcristalina.

Los presentes inventores desafiaron las enseflanzas del arte previo y no sélo decidieron
manufacturar la forma de dosificacion oral y solida por granulacidn, sino que, ademas, decidieron

emplear celulosa microcristalina como material de relleno.

Tal como se explica en los ejemplos 5 y 6 de la presente solicitud de patente, las tabletas
preparadas a partir de granulos que contienen celulosa microcristalina fueron estables en lo que

respecta a la “vida de estante” (perfodo de almacenamiento) de la sal del 4cido 5-metil-(6S)-

tetrahidrofélico y_simultineamente exhibieron una liberacion suficientemente rapida de la
drospirenona (véase la Figura 3 de la presente solicitud de patente). Este resultado sorprendente
no podria haber sido previsto a partir de las ensefianzas del arte previo ni a partir de los

experimentos que condujeron al presente invento.

Ahora bien, respecto al arte previo, en particular, cabe destacar que los problemas para lograr la
estabilidad del 4cido 5-metil-(6S)-tetrahidrofélico y simultdneamente mantener una liberacién
inmediata satisfactoria de los componentes hormonales no se pueden resolver en forma aislada, y
que la solucion de emplear celulosa microcristalina (CM) en un proceso de granulacion con el fin
de obtener la forma de dosificacion unitaria, oral y solida reivindicada en la nueva Reivindicacion

1 es totalmente sorprendente en vista de los prejuicios que ofrecia el arte previo.

El documento “Tecnologia Farmacéutica Volumen IT” (D1; referencias 1-6) no menciona a la

celulosa microcristalina (CM) como diluyente preferido para las formas de dosificacion

granuladas que comprenden firmacos poco_solubles (tales como las hormonas sexuales) y un
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ingrediente activo muy sensible (tal como un tetrahidrofolato). Lo mismo se aplica a los
documentos D2-D5 sobre la deficiencia de folato. En dichos documentos no se discuten los
problemas referidos a la estabilidad y la disolucién de una formulacién anticonceptiva que

comprende una sal del 4cido S-metil-(6S)-tetrahidrofolico, tal como se define en la nueva

Reivindicacién 1.

El Opositor cita a la publicacién WO 99/53910 (D6) como documento que afecta la novedad y el
mvel inventivo del presente invento, en particular el Opositor cita al Ejemplo 13 de dicho
documento. Teniendo en cuenta las modificaciones y limitaciones realizadas en el Capitulo
Reivindicatorio Modificado adjunto, cabe concluir que las nuevas Reivindicaciones 1 y 12 son
novedosas frente a lo divulgado en D6, y en particular frente a lo divulgado en el Ejemplo 13,
pues dicho documento no describe formas de dosificacién que comprenden granulos, celulosa

microcristalina o sales del acido S-metil-(68)-tetrahidrofolico.

Finalmente, frente a D7, y teniendo en cuenta las modificaciones realizadas en el Capitulo
Reivindicatorio Modificado adjunto, cabe concluir que las nuevas Reivindicaciones 1 y 12 son
novedosas frente a lo divulgado en D7, pues este documento no describe formas de dosificacién

que comprenden granulos o celulosa microcristalina.

De acuerdo con lo anterior, considero que la materia reivindicada no es divulgada ni tampoco

sugerida por ninguno de los documentos citados por el Opositor.

4. Por todo lo anterior, considero que las observaciones presentadas por el Opositor han sido

superadas y solicito respetuosamente se proceda con el examen de patentabilidad de la presente

invencion,

Atentamente,

CARLOS R. OLARTE
C.C. No. 79.782.747 de Bogota
T.P. 74.295
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Anexos:

Capitulo Reivindicatorio Modificado.

Recibo de pago que cubre la tasa de modificacién correspondiente.

Anexo 1. Copia de EP1214076.

Anexo 2. Copia de las paginas 594 y 1635 del libro “Remington’s Pharmaceutical
Sciences”. Edicion 18. 1990,

Anexo 3. Copia del documento Suzuki T., Nakagami, H. “Effect of crystallinity of
microcrystalline cellulose on the compactability and dissolution of tablets”
European Journal of Pharmaceutics and Biopharmaceutics. Vol. 47. Pages 225-230.
1999.

Anexo 4. Copia de la ficha técnica referente al Avicel®.
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Expediente No. 09-000.752
Modificaciones Voluntarias

P2008/000245
CAPITULO REIVINDICATORIO MODIFICADO
{Modificaciones Voluntarias)

1. Una forma de dosificacion unitaria, oral y sélida caracterizada porque comprende:

1) una sal, aceptable desde el punto dc vista farmacéutico, del 4cido 5-metil-
(6S)-tetrahidrofélico; y

1) granulos que comprenden un progestageno, un estrogeno y celulosa
microcristalina.
2. [La forma de dosificacion de acuerdo con la Reivindicacion 1, caracterizada porque

cl progestageno se sclecciona del grupo formado por levonorgestrel, norgestrel,
noretindrona (noretislerona), acetato de norctindrbna (norctisterona), dienogest, diacetato
de etinodiol, didrogesterona, acetato de medroxiprogesicrona, noretinodrel, alilestrenol,
linestrenol, acetato de quingestanol, medrogestona, norgestrienona, dimetisterona,
ctisterona, acetato de clormadinona, megestrol, promegestona, desogestrel, 3-ceto-desogces-

irel, norgestimato, gestodeno, tibolona, acetato de ciprolerona y drospirenona.

3. L.a forma de dosificacion de acuerdo con la Reivindicacion 2, earacterizada porque

¢l progestageno es la drospirenona.

4, LLa forma dec dosificacion de acuerdo con cualquiera de las reivindicaciones
precedentes, earacterizada porque el estrogeno se selecciona del grupo formado por
ctinilcstradiol, estradiol, sulfamatos de estradiol, valerato de estradiol, benzoato de

cstradiol, estrona, mestranol y sulfato de estrona.

5. [.a forma de dosificacién de acuerdo con la Reivindicacion 4, earacterizada porque

cl estrdgeno es el etinilestradiol.

6. La forma dc dosificacion de acucrdo con cual-quicra de las reivindicaciones
precedentes, caracterizada porque ¢l progestageno es la drospirenona y el estrégeno es el

etimlestradiol.

7. [La forma dc¢ dosificacién de acuerdo con cual-quicra de las reivindicaciones
precedentes, earacterizada porque la sal del acido 5-metil-(65)-tetrahidrofélico es la sal de

calcio.

8. [La forma de dosificacién de acuerdo con la Reivindicacién 7, caracterizada porque
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la sal de calcio del acido 5-metil-(68)-tetrahidrofolico se encuentra en forma cristalina.

9. la forma de dosificacion de acucrdo con cualquicra de las reivindicaciones
precedentes, caracterizada porque la dosis unitaria oral y sélida estd en forma de

comprimido, capsula o sachel.

10. l.a forma dc dosificacion de acuerdo con cualquiera de las reivindicaciones

precedentes, earacterizada porque comprende entre 2 y 4 mg de drospirenona.

. l.a forma de dosificacion de acucrdo con cualquiera de las reivindicaciones

precedentes, earacterizada porque comprende entre 0,01 y 0,05 mg de ctinilestradiol.

12. Un proceso para la fabricacion de una forma de dosificacion unitaria, oral y sélida,
dc acuerdo con cual-quicra de las Reivindicaciones 1 a 11, caracterizado porque
comprende los pasos de:

6 someter un progestageno, un estrogeno y celulosa microcristalina a un
proceso de granulacion,

(iiy  mezelar una sal, aceptable desde cl punto de vista farmacéutico, del acido 5-
metil-6(S)-tetrahidrofolico con los granulos formados en el paso (1), ¥

()  formular los granulos obtcnidos en el paso ii) en formas de dosificacion

unitarias, orales y solidas.

13. Una preparacidn farmaccéutica o conjunto de elementos, caracterizada porque
constste esencialmente de 21, 22, 23 o 24 umdades de dosificacion orales y solidas tal
como se definen en cualquiera de las Reivindicaciones 1 a | 1, envasadas en forma separada
y cxtraibles cn forma individual, y colocadas cn una unidad de cnvase, y 7, 6, S 0 4
unidades de dosificacion orales y solidas, envasadas en forma scparada, cxtraibles en forma
individual y colocadas en una unidad de envase, que contienen una sal, aceptable desde el
punto de vista farmacdutico, del dcido 5-metil-(6S)-tetrahidrofdlico como Gnico principio

aclivo.
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Description
FIELD OF THE INVENTICON

{0001 The present invention relates to a pharmaceu-
tical composition comprising drospirenone and cihi-

+ nylestradicl, a method of providing dissolution of dras-

A

pirenone, methods of inhibiling ovulation by administra-
lion of drospirenanc and lhe use of drospirenone and
ethinylestradiol for inhibiting ovulation,

BACKGRCUND OF THE INVENTION

[00021 Oral contraceptives containing a combination
of a gestagen and an estrogen componenl have been
used since the 1960's. The earliest contraceptive prep-
arations consisted of 21 lablets containing the combina-
tion of active agenis and 7 tablets containing ne active
agenl, and the amount of cach active agent was the
same in each tablet {the so-called one-phase prepara-
lions). Subscquently, preparations were developed that
consisted of {ablets conlaining different amounts and ra-
lios ol the active agents over the cycle of adminisiration
(the so-called multiple-phase preparations).

[0003] Contraceptive reliability is mainly provided by
the gestagen componenl. The daily dosage should be
at least the minimum of what is needed for the gestagen
in question to inhibit evulation effectively. The estrogen
component acts to increase the ovulation inhibitory ef-
fect of gestagen and to ensure cycle stability. Since the
introdugtion of oral coniraceptives, the daily dosage of
gestagen has been reduced through the development
of new and more cfficient gestagens than were present
in the earlior contraceptive preparations. [t has also
been pessible to reduce the daily dosage of estrogen.
{c0a4] 8p,78; 18f, 16(-dimethylenc-3-oxo0-17¢-
prcgn—4-0n0-21,17-cafbolactonc (drospirenorie] fs

known frem DE 26 52 761 in which iis use as a diuretic -

compound is disclesed.

'{0005]  1n DE 30 22 337, the gestagen-like activity of

the compound and its consequent ulility as a contracep-
tive agent is described at dosage levels of 0.5-50 mg of
drospirenone por day. It is also noted that the mecha-
nism of actien of the compound is very similar 1o that of
the nalural corpus luteum hormone progesterene, and
that it does not give risc to increased blood pressure for
which reason it may be administrated to women who
have or arc at risk of developing increased blood pres-
sure. It is further described that drospirenone may be
adminislered together with cthinylestradiol in an amount
of 0.03-0.05 mg per day.

[0006] DE 30 51 166 discloses the use of the dros-

pirenone for the treatment of gynaecological irregulari-

tics and for contraception at a dosage level of 0.5-50mg
per day.

[0607] EP 398 460 discloses the use of drospirenone

for the treatment of androgen-induced disorders, aldos-
teronc-induced disorders and hormonal ireqularitics as
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well as for contraception at dosage levels of 0.5-50 mg,
prere'nialv 1-10 mg per day. Ethinylestradial may be co-
administered at a level of 0.02-0.04 mg per day.
[0008] US 5,756,490 discleses pharmaceutical com-
bination preparations comprising 23 or 24 dosage units
containing a combination of a gestagen and an estrogen
and 4-10 dosage units containing esirogen alane. Dro-
spircnone is mentioned as a possible, but not preferred,
gestagenic cempound and ethinylestradiol is mentioned
as & possible, but not preferred, estrogenic compound.
[0C08] Micronised particles are disclosed in Bauer
KH, Frémming KH and Flhrer C (Phamazeutische
Technologie; 4. Aufl.; Thieme, Stultgart/New York;
1893).

SUMMARY OF THE INVENTION

: [ooio} inthecourse of research leading tothe present

invention, it has surprisingly been found that a hitherto
und{w‘l'sed minimum dosage level of drospirenone is
redidired for reliable contraceptive activity. Similarly, a

prefe ‘rred maximum dosage has been identified atwhich
unpleasant side effects, in particular excessive diuresis,

may substantially be avoided.

[00111  Accordingiy, in a first aspect, the present in-
venlion relates 1o a pharmaceutical composition com-
prising, as a first active agent, 6p,70;15p,16B-dimethyl-
enec-3-oxa-170-pregn-4-ene-21,17-carbolactone (dros-
pirenone) in an amount correspending to a daily dosage,
on administration of the composition, of fromabout 2 mg
to about 4 mq, and, as a second active agent, 17a-cthi-
nylestradial {ethinylestradiol) in an amount correspaond-
ing to a daily dosage of from about 0.01 mg to about
0.05mg, together with ane or more phamaceutically ac-
centable carriers or excipients.

. »[001 2] Apart form the active substances themselves,
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the ey
.compiising an amount of ethinylestradiol carrespanding

it e'zwsagcd that an ester or prodrug of drospirenane

may ‘oe’ernpleyed in the present composition, €.g. an
Kuividopregnane carbolactonc as disclosed in WO
/24691, Likewise, it is envisaged that esters or cthers
of ethinylestradiol may be included in the compaesition.

,[001"3] In a further aspect, the invention relates to a

method of inhibiting ovulation in a mammal, in particular
a"Alvan, comprising administering, to said mammal,
drospirenone in an amount in the range of from about 2
mg 1o about 4 mg of per day, together with ethinylestra-
diol in an amount of from about 0.01 mg to about 0.05
mg per day, said amounts being effective to inhibit ovu-
fation in said mammal.

[0014] In a still further aspect, the invention relates 10
the use of draspirenone combined with ethinylestradiol
for preparing a pharmaceutical preparation for the inhi-
bition of ovulation in a mammal, in particular a human,

‘tho composmon comprising an amount of drospirenone
:.correspondmg to a daily dosage, on administration of

position, of from about 2 mg te abeut 4 mg, and

ally dosage, on administration of the compesition,
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of from about 0.01 o about 0.05 mg.
BRIEF DESCRIFTION OF THE DRAWINGS

[0015] The invention is further described with roicr-
ence to the drawings in which

Fig. 1 is a graph showing the in vitro dissolution rate
of drospirenone from tablel cores, Vi-V7 being
batches containing micronized drospirenone, and
V8 being a batch containing macrocrystalline dros-
pirenong;

Fig. 2 is a graph showing the in vitro dissolution rate
of drospirencne from lablet cores, different lines
representing different test batches;

Fig. 3 is a graph shawing the in vitro dissolution rate
of drospirenone irom fiim-coaied tablets, different
lines representing different test batches;

Fig. 4 is a graph showing the in vitro dissolution rate
of athinylestradiol from tablel cores, different Incs
representing differont lest batches; and

Fig. 5 is a graph showing the in vitro dissolution rate
of ethinylestradiol from fiim-coated tablets, different
lines representing different test batches.

DETAILED DISCLOSURE OF THE INVENTION

[0016] Drospirenone, which may be prepared sub-
stantiaily as described in, e.g., US 4,129,564 or WO
9B/06738, is a sparingly soluble substance in water and
aqueous buifers at various pH values. Furthermore, dro-
spirenoneis rearranged to an inactive isomer under acid
conditions and hydrolysed under alkaline cenditiens. To
ensure good bioavailability of the compound, it is there-
{ore advantageously provided in a form that promotes
rapid disselution thereof,

[0017] It has surprisingly been found that when dros-
pirenanc is provided in micronized form (so that parti-
c'es of the active substance have a surface area of ht_p%c
than 10,000 cm?g, and the following particle size distri-
bution as determined under the microscope: not more

than 2 particles in a given batch with a diameter of more:

than 30 um, and preferably < 20 particles with a diameter
of > 10 pm and <€ 30 pm) in a pharmaceutical compesi-
tion, rapid dissclution of the active compound from the
composition ocecurs in vitro ("rapid disselution” is defined
as the dissolution of at least 70% over about 30 minetes,
in particular at least 80% over about 20 minutes, of dro-
spircnone from a tablet preparation containing 3 mg of
drospirenone in 00 ml of water at 37°C determined by
the USP XXill Paddle Method using a USP disselution
test apparatus 2 at 50 rpmy). Instead of providing the dro-
spirenene in micronized form, it is possible to dissolve
it in a suitable solvent, e.g. methanol or ethyl acetate,
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and spray it onlo the surface of inert ¢carrier particles fol-
lowed by incorporation of the particles containing dros-
pirencne on their surface in the composition.

[0018]) Without wishing 1o be limited to any particular
theory, it appears that the in vitro dissolution raic oi dro-
spirenone is connecled to the dissolution rate in vivo re-
sulting in rapld absorption of drospirenone in vivo on oral
administration of the compeound. This is an advanlage
because isomerization of the compound in the gastric
environment and/or hydrolysis in the intestine is sub-
stantially reduced, leading Lo a high bioavailability of the
compound.

[0019] With respect to ethinylestradiol which is also a
sparingly soluble substance, though loss sensitive to
degradation than drospirenene under conditions pre-
vailing in the gastreintestinal tract, it is also an advan-
tlage to provide it in micronized form or sprayed from a
solution, e.g. in ethanoi, onto the surface of ineri carrier
particles. This has the added advantage of {acililating a
more homogenous distribution of the ethinylestradiol
throughout the composition which might otherwisc be
difficult to obtain because ethinylestradiol is incerporal-
ed in extremely small amounts. Whan elhinylesiradiol is
provided in micronized form, it preferably has the follow-
ing particle size distribution as determined under the mi-
croscope: 100% of the particles have a diameler of <
15.0 wm, 99% of the particles have a diameter of <
12.5um, §5% of the particles have a diameter of < 10.0
pm, and 50% of the particies have a diameter of 3.0
um. Furthermare, no particic is larger than 20 um, and
< 10 particles have a diameter of 2 15 pm and <20 um.
f0020] To obtain a more rapid rate of dissolution, it is
preferred to include carriers or excipients which act o
promote disselution of both aclive substances. Exam-
ples of such carricrs and cxcipients include substances
that are readily soluble in water such as cellulose deriv-

_atives, carboxymethylcellulose, hydroxyprogyl cellu-

Inse, hydroxyeropylmethyl cellulose, gelled starch, gel-
atin or polyvinylpyrrelidone. In particular, it appears as
though pelyvinylpyrrolidone might be particularly hefplul
to promote dissolution.

[0021] The composition of the invention preferably
comprises drospircnone in an amount corresponding 1o
a daily dosage of {rom about 2.5 mg to about 3.5 mg, in
particular about 3 mg. The amount of cthinylestradicl
preforably carresponds to a daily dosage of from about
0.015 mg to about 0.04 mg, in particular from about
0.015 mg to about 0.03 mg. More particularly, the
present composition comprises an amount of dros-
pirenone cerrespoending to a daily dosage of from about
3.0 io about 3.5 mg and ethinylestradicl in an amount
corresponding to from about 0.015 to about 0.03 mg.
[0022] Apart from its ability to inbibit ovulation, the
composition of the invention has beenfound o pessess
pronounced anti-androgenic properties and may there-
fore be used inthe prevention or treatment of androgen-
inducod disorders, in particular acne. Such use may be
Independent frem or concomitant with the use as a con-



av .

5 EP 1 214 076 B%. 6

traceplive disclesed above, Furtharmore, since dros-
pirenone is ar aldosteronc antagonist, it has diuretic
properties and is thercfore suitable for counteracting the
water-retentive properties of ethinylestradiol,

[0023] in a particular embodiment, the invention re-
lates 1o a pharmmaceutical preparation consisting of a
number of separately packaged and individually remov-
able daily dosage units placed in a packaging unit and
intended far oral administration for a period of at lcast
21 consccutive days, wherein each of said daily dosage
unils comprises a cembination of drospirenone in an
amount of from about 2 mg to about 4 mg and cthi-
nylcstradiel in an amount frem about 0.01 to about 0.05
mg.

{0024] in one embodiment, the preparation further
comprises 7 or loss sald daily dosage units containing
no active agent. Allernatively, it is possible to include, in
the desage regimen, & peried of 7 days or less during
which no dosage units are ingested. For compliance
reasons, hawever, it may be preferred 1o include an ap-
propriate number of blanks in the preparatian, in which
casc the total number of daily dosage units in the prep-
aration is at leasl 28, The inclusion of banks, or the pili-
tree days, will then trigger withdrawal bleeding.

[0025] The preparation may be a one-phase compo-
sition, i.e. a preparation whorein the amounts of either
active agent remains constant for the entite at least
21-day peried, or the amounts of cither or both active
agenls may be varied over the at lcast 21-day period to
gencrate a multiple-phase preparation, ¢.g. a two- or
threc-phase preparation, substantially as disclosed in,
e.g., EP 148724, In case of multiple-phase preparation,
it may be possible to include a natural estrogen such as
estradiol, e.g. in an amount of from about 0.5 mg to
aboui 4 mg per day, instead of ethinylestradiol.

[0026] Insuitable cmbodiments of the present prepa-
ration, the number of daily dosage units comprising the
combination of drospircnone and ethinylostradiol may
be 21, 22, 23 or 24, and the number of daily dosage
units containing no active agent may then be 7, 6, 5 or
4, as the caso may be. in a further embodiment of the
present preparation, the number of daily dosage units
comprising the combination of drespirenone and ethi-
nylestradicl is 28, or a multiple of 28 such as 2-4, in par-
ticular 2 or 3, times 28.

[0027] Inan alternative embediment, the invention re-
lales lo & contraceplive preparation consisting of a
aumber of separately packaged and individually remoy-
able daily dosage units placed in a packaging unit and
intended for cral administraticn for a period of at least
28 consccutive days, wherein at least 21 of said daily
dosage units comptises a combination of drospirenonc
in an amounl of from about 2 mg to about 4 mg and ethi-
nyleslradiol in an amount from about 0.01 to about 0.05
mg, and wherein 7 or less of said daily dosage units con-
tain ethinylestradiol alene in an amount from about 0.01
o aboul .05 mgq.

[0028] By including an appropriate number of dosage
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units comprising ethinylestradiol alene, high contracep-
tive reliability, low follicular development and satisfacto-
ry cycle control with little or no intermenstrual blecding
may be obtained,

[0028] In this case, too, the preparation may be one
in which the amounts of either aclive agent remains con-
stant for the entire at least 21-day period (i.e. a two-
phase preparation), or the ameunts of either or both ac-
tive agents may be varied over the at least 21-day period
to gencrate a multiple-phase preparation, e.g. a three-
or four-phase preparation, it substantially as disclosed
in, e.q., EP 148 724. In case of multiple-phase prepara-
tion, it may be possible to include a natural estrogen
such as estradiol, e.g. in an amount of from about 0.5
mg to about 4 my per day, instead of cthinylestradiol.
[0034%- In suitable embodiments of the present prepa-
ratior:/ine number of daily dosage units comprising the
comblfation of drospirenone and ethinylestradiol may
ba 21, 22, 23 or 24, and the number of daily dosage
units containing ethinylesiradiol alone may thenbe 7, 8,
5 or 4, as the case may be,

[0631]" In onc embodiment of the present method of
inhibiting ovulation, the method comprises administer-
ing, to said mammal, on each day of at [east 21 consee-
utive days, a daily dosage unit comprising a combination
of drospirenene in an amount of from about 2 mg to
about 4 mg and cthinylestradiol in an amount from about
0.01 to about 0.05 mg, followed by administering, on
each day of 7 or less conseculive days, a daily dosage
unit containing no active agent, or altematively, admin-
istering no dosage units for 7 days or less.

{0032] n suitable embodiments of this method, the
daily dosage units comprising the combination of dros-
pitefoie and elhinylestradiol may be adminisiered for
21 07 23 or 24 consecutive days, and the daily dosage
units cuntaining no active agent may then be adminis-
tered for 7, 6, 5 or 4 consecutive days, as appropriate.
Furthermere, the daily dosage units comprising the
combination of drospirenone and ethinylestradiol may
be administered for 28 consecutive days. In a variant of
this embodiment, the daily dosage units comprising the
combination of drospirenone and ethinylesiradiol are
administered for 2-4, preforably 2 or 3, times 28 consec-
utive days, followed by administration of the daily dos-
age units comprising the combination of drospirenone
and cthinylestradiof for 21, 22, 23 or 24 consecutive
days and subsequently administration of the daily dos-
age units containing no active agent, or administration
of no daily dosage units, for 7, 6, 5 or 4 consecutive
days.*’

[0033] Alternativety, the present method comprises
administering, on each day of at least 21 consecutive
days’ 5"daily dosage unil comprising a combination of
dm'é:f,';}hone in an amount of from about 2 mg to about
4'mig *nd cthinylestradiol in an amount from about 0.01
to absut 0.05 mg, followed by administering, on each
day of 7 or less consecutive days, a daily dosage unit
containing ethinylestradiol alone in an amount of from
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about 0.01 mg te about 9.05 mg. .
{0034] In this alternative method, the daily dosage
units comprising the combination of drospirenone and
cthinylestradiol may suitably be administered for 21, 22,
23 or 24 conseccutive days, and wherein the daily dos-
ago units comprising cthinylestradiol alone may then be
administered for 7, 6, 5 or 4 consecutive days, as ;»-
propriate. In & further embodiment of the methog; ye
daily dosage units comprising the combination of 4 0s-
pircnone and ethinylestradiol are administered for 2-4,
preferably 2 or 3, times 28 consecutive days, followed
by adminisiration of the daily dosage units comprising
the combination of drospirenone and ethinylestradiol for
21 consecutive days and subsequently administration
of the daily dosage units comprising ethinylestradiol
alone for 7 consecutive days.

[0035]) For use according to the invention, the phar-
maceutical preparation may suitably be in the form of 2
number of separalely packaged and individually remov-
able daily dosage units placed in a packaging unit and
intended for oral administration for a period of at least
21 consecutive days, wherein cach of said daily dosage
units each comprises a combination of drospirencne in
an amount of from about 2 mg to about 4 mg and ethi-
nylestradiol in an amount from about 0.01 to about 0.05
mg. E
[0036] As indicated above, the preparation may. Jr-
thercernprise 7 or less daily dosage units containiny, 10
active agent (or may contain 7 or less empty "places’,
c.g. in the form of empty blisters in a blister pack, mark-
ing the days on which no daily dosage units are admin-
istered).

[0037) Alternatively, the pharmaceuiical preparation
may be in the form of a number of separately packaged
and individually removable daily dosage units ptaced in
a packaging unit and intended for oral administration for
aperiod of at least 28 consecutive days, wherein at least
21 of said daily dosage units each comprises a combi-
nation of drospirenone in an ameunt of from about 2 mg
to about 4 mg and ethinylestradiol in an amount of from
about 0.01 to about 0.05 mg, sald packaging unit further’
comprising 7 or less daily dosage units comprising ethi-
nylestradiof alone in an amount of from about 0.01 mg
to about 0,05 mg. -
[0038] The composition of the invention may bc_r-ﬁg:r.-;.
mulated in any manner known in the phamaceutica! ad.
In paricular, as indicated above, the composition may
be formulated by a method comprising praviding dros-
pirenone and, if desired, ethinylestradiol in micronized
form in said unit dosage form, or sprayed from a solution
onto particles of an inert carrier in admixture with one or
more pharmaceutically acceptable excipfents that pro-
mote dissolution of the drospirenone and ethinylestra-
diof so as 1o promote rapid dissoiution of drospirenone
and prelerably ethinylestradiol on oral administration.
Examp'es of suilable excipients include fillers, e.9. sug-
ars such as lactose, giucose ot suctose, sugar alcchols
such as mannitol, sorbitol or xylitol, starch such gs‘_
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wheat, corn or polato starch, modificd starch or sodium
starch glycolate, lubricants such as tale, magnesium
stearate, calcium stearate, colloidal silica or stearic acid,
and binders such as polyvinylpyrrolidone, celiviose de-
rivatives, carboxymethyl cellulose, hydroxypropyi cellu-
lose, hydroxypropylmethyi cellulose, methyl cellutese or
gelatin, for making oral dosage forms such as lablets,
pills or capsules.

[0039] Taklels mayconveniently bc coated with a suit-
able fiim-foming agent, e.g. hydroxypropyimethyl cellu-
lose, hydroxypropyl cellulose or ethyi cellulose, 1o which
a suitable excipicnt may optionally be added, ¢.9. a sol-
tener such as glycerol, propylene glycol, diethyiphtha-
tate or glycerol triacetate, filler such as sucrosce, sorbitol,
xylitol, glucose or lactose, a colorant such as tilanium
hydroxide, etc,

[0040] The present composition may also be formu-
fated in liquid form, e.g. as a solution, suspension or
emulsion, together with conventional diluents er cxcipi-
entsinamanner known per sein the pharmaceutical art,
[0C41] A packaging unit comprising the daily dosage
units described above may be prepared in & manner
analogous to that of making other oral contraceplives.
This may for instance be a conventional blister pack or
any other form known for this purpose, for instance a
pack comprising the appropriate pumber ol dosage
unils (in this case at least 21, or for particular applica-
tions, 28 or a multiple of 28) in a scaled blister pack with
a cardboard, paperboard, foif or plastic backing and en-
closed in a suitable cover. Each blister container may
conveniently be numbered or otherwise marked, e.g.
starling with the first of the al least 21 dosage units that
contain the combination of drespircnone and ethi-
nylestradiof, optionally followed by 7 or less emply blis-
ters or by the 7 or less dosage units that contain no ac-
tive agent or that only contain ethinylestradiol (although
the rumbering may also start with the first of the 7 or
less dosage units that anly contain ethinyiestradiol).
[0042] It is also cnvisaged thal the present composi-
tion may be in the form of a parenteral fermulation such
as a& subcutanecus implant or transdermal formulation.
For making implants, the active agenis may suitably be
formulated together with one or more polymers that are
gradually eroded or degraded when in use, e.g. silicone
pelymers; cthylene vinylacetate, polyethylene or poly-
propylene.

[0043] Where transdermal formulations are con-
cerned, they may be propared in the form of matrices or
membranes or as fluid or viscous formulations in oil or
hydregels. For transdemai palches, an adhesive which
is compatible with the skin should be included, such as
polyacrylate, a silicone adhesive or polyisobutylene, as
well as a foil made of, ¢.g. polyethyicne, polypropylenc,
ethylene vinylacelate, polyvinylchloride, polyvinylidene
chloride or polyesler, and a removable protective {oil
made from, €.g., polyestor or paper coated with silicone
or a Tiuorepolymer. For the preparation of transdermal
solutions or gels, water or organic solvenis or mixiures
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thereol may bo used. Transdermal gels may further-
more contain one or mare suitable gelling agents or
thickeners such as silicone, tragacanth, starch ot starch
derivatives, cellulose or cellulose derivatives or pol-
acrylic acids or derivatives thereof, Transdermal formu-
latiens may alsc suitably contain one or more substanc-
es that enhance absorplion though ihe skin, such as bile

salts or derivatives thereof and/or phosphelipids. Suita<

ble transdermal formulations may, for instance, be made
in & manner analogous to that described in WO
94/04157 for 3-ketodesogestrel. Alternatively, transder-

mal formulations may be prepared according to'a meth-.
od disclosed in, e.g., BW Barry, "Dematological Formu-:

laticns, Percutaneous Absorption”, Marcel Dekker l"n"c:'ﬂ,

New York - Basel, 1983, or YW Chien, "Transdermal”

Controlled Systernic Medications®, Marcel Dekker Inc.,
Now Yark - Basal, 1987,

[0044] The present invention is further described in
the following examples,

EXPERIMENTAL

Exampie 1

Preparation of tablets containing drospirenone and
ethinylestradiol

[0045] Tablet cores of the following composition

micronired drospirenone 3.00mg
‘micronized ethinylestradiol 0.03mg
lactose monchydrate 48.17 mg
cem slarch 14.40 mg
modificd starch 9.60 myg
polyvinylpyrrelidone 25,000 4.00 mg
magnesium stearale 0.80mg

were prepared by charging & fluidized bed granulator
with 31.68 kg corn starch, 21,12 kg modified starch, 6.60
“micranized draspircnone, 0.066 kg micronized cthi-
" nylestradiol and 105,974 kg lactose monohydrate and
‘activating the fluidized bed. An aqueous solution of 8.80
kg polyvinylpyrrolidone 25,000 in 46.20 kg purified water
was sprayed continuously onto the fiuidized bed while
drying by hesting the air stream of the fluidized bed. Al
the end of the process 1.76 kg magnesium slcarate was
sucked inio the granulater and mixed with 1he granules
“by mainiaining the fluidized bed. The resulting granulate
was pressed into tablet cores by compression using a
rolary {ablet press.
[0046] 2.22464 kg of hydroxypropylmethylcelluiose
and 0.44528 macrogol BO0O were dissolved in 14.67 kg
“purificd waler. 0.44528 kg lalo, 1.22430 kg titanium di-
oxide and 0.08050Q kg ferric oxide pigment were sus-
pended in 10.26 kg purified waler with stirring and ho-
megenized. The solution and suspension were com-
bined and used to coat the tablel cores by continuous
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appli;:ation of the coating suspension in a coater.
Exémple 2

Disso!utr‘oﬁ of drospirenone from tablets

[0047] The rate of dissolution of drospirenone from
the tablets prepared in Example 1 was determined by
the USP XXl Paddle Mecthod using a USP Dissolution
Test Apparatus 2 including 6 covered glass vessels and
S paddles. Tablets were placed in 900 ml water at atem-
peratura of 37°C (t 0.5°C} and stirred at 50 rpm. The
resu'féhppeer from Figs. 1, 2 and 4. From Fig. 1, it ap-
pesro {fat the batch numbered V8 containing macroc-
rysta.lmc drospirenone {but otherwise identical to the
tablets prepared in Example 1) exhibited an extremely

i slow dissolution rate of drospirenone, whereas alibatch-

- €5 containing micronized drospirenone exhibited a dis-
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salutich rate of more than 70% within 30 minutes.
Fig. 2 and Fig. 4 shows the results of dissolu-
ttoh of drospirenone from tablet cores and film-coated

- 1ablets, respectively. In both cascs more than 70% of

the active agent is dissoived within 30 minutes. Thus,
the film coating did not significantly influence the rate af

'dissolution.

Example 3

Digsolition rate of ethinylestradiol from tabiets in vitro
[00433 " The rate of dissolution of ethinylestradiol from
tableit firepared as described in Example 1 was deter-
rnmc:é -according to the USP Paddle Method as de-
scribed in Example 2 for drospirenone. The resulis ap-
pedr from Figs. 3 and 5 shawing the dissolution rates
from tablet cores and film-coated tablets, respectively.
In both cases, more than 70% of the active agent was
dissolved within 30 minutes. Thus, the film coating did
not significently influence the rate of dissolution.

Example 4

Bioavaiiability of drospirenone and ethinylestradiol from

~tablets containing 3 mg of drospirenone and 0.03 mg

{dosof
of; agc were included in an open-label crossover study

‘ethinylestradiof

LB

42 healthy women between 18 and 35 years

aftcrlthnlr informed consent had been obtained. The aim
Y I1dy was to investigate the relasive bioavailability
sirenone and ethinylestradiol from a tablet for-
n containing 3 mg drospircnone and 0.03 mg
ethiriyiestradiol with reference to an oral suspension
containing 6 mg of drospirenone and 0.06 mg ethi-
nylestradiol per vial.

[0051]  The bicavailability was determined using se-

' rum cohcentrations of each active agent as parameters.

Corhpared to the oral suspension, the relative bioavail-
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ability of drospirenone and ethinylestradiol from the tab-
lots is 107% and 117%, respectively. I was therefore
concluded that both drospirenone and ethinylestradiol
are completely released from the tablets in vivo.
[0052] The abselute bicavailabllity of drospirenone
was determined in two studies 10 be 76%+13% after orai
administration of 2 rng drospirenone to 8 young heaithy
women and 85%:+24% after oral administration of a mi-
crocrystalline suspension containing 3.13 mg dros-
pirencne to 6 postmenopausal women.

[0053] The oral bioavaliability of ethinylestradiol v s
determined in several studies, and mean values of ,.,un
36% to 59% were reporied in the literature, indicating.a
first-pass efiect,

Example 5

Contraceptive officacy of formulations containing
draspirenone and ethinylestradiol

[0654] Anopen-label, randomized trial with 52 female
volunteers aged 20-35 years whose informed consent
had been obtained included 1 pre-treatment cycle, 3
treatment cycles with two different tablet containing 2
mg and 3 mg drospirenone, respectively, but otherwise
corresponding to the tablets preparedin Example 1, and
a follow-up phase. A wash-out phase of 1 month pre-
ceded the {reatment. N

[0055] At definedtime points, selected central ancce-
ripheral parameters were investigated: LH, FSH, 175

estradiol, pregesterone, cervical score, "splnnbarr.-_m ,
fern phenomenaon. Ovarian function was checked by:ul-
trasound. In addition, SHBG, CBG, prolacting, total tes-
tosterone, androstenedione, DHEA-S and seclected
metabolic parameters (serum glucose, triglycerides,
cholesterol, HDL, LDL) were examined. Blood pressure,
heart rate, body weight and cycle contro! were docu-
mented.

[0656] The results of the study showed that both LH
and FSH wera clearly suppressed with both trial prepa-
rations. Accordingly, the secretion of estradiol and pro-
gesterone were greatly reduced over allthree treaiment
cycles with the exception of 3 velunteers receiving the
2 mg drospirencne preparation. This result was, in prin-
ciple, confirmed by the accompanying uitrasound exam-
inations. Fellicular ripening occurred in severdl cascs
with both trial preparations. Although three ovulations

were diagnosed with the preparation containing 2.1:8g:
drospirencne {onc of which was described as "equwvo-

cal® and the other as a "tablet-taking error"), no ai[fqr.-
ences were demonstrable statistically (p » 0.05) be-
tween the two trial preparations as regards the hor-

mones LH, FSH, estradicl and progesterene, and the:

parameter "ovulation during the treatment cycles™. in
keeping with the hormonas, cervical function was great-
ly limited and the "spinnbarkeit” and crystallisability of
the cervical mucus was greatly reduced with both frial
preparations. Prolactin increased minimally and SHBG
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and CBG dislinctly with both preparations, Triglycerides
and MDL levels increased with both trial preparations,
while LDL levels decreased. Total cheleslerol was large-
ly unchanged in both treatment greups. Oral glucose tol-
erance remained virtually unchanged or was slightly de-
creased. Testosterone, androsiencdione and DHEA-S
decreased minimally,

[0057) The subjective and objoctive telerance was
good with both troatmenls. This was also the case for
cycle contrel with the exception of the first eycle with 2
mg drospirenone. Blood pressure, heart rale and body
weight remained constant in the majority of cases or
showed a slight tendency to decrease.

[0058]) After threc months' treatment, il was conciud-
od:

[0059) The two trial preparations were equally good
as regards the subjective and objeclive 1olcrance.
{0080] Ne negative metabolic effects were observed
with either preparation. HDL was inftuenced positively
in the sense of an increasc.

The results confimmed the results of earlier studies thal
the 2 mg drospirenone preparation was in the threshald
region of ovulation inhibition, whereas the 3 mg dros-
pirenonc preparation had a demenstrable ovulation-in-
hibiting effect in all cases examined.

Claims

1. Apharmaceutical composition comprising, as a first
active agent drospircnone in an amounl corre-
sponding te a daily dosage, on administration of the
composition, of from about 2 mgto 4 mg, and as a
sccond active agent, ethinylestradiol in an amount
corresponding to a daily dosage of from about 0.01
mg to 0.05 mg, tegether with onc er more pharma-
ceulically acceptable carriers or excipients, wherein
said drospirenong is in micronized form.

2. The composition according to claim 1, wherein the
drospirenone has a surface area of mare than 10
000 em?2/g.

3. The composition according to any one of claims 1
or 2, wherein at least 70% of said drospirenone is
dissclved from said composition within 30 minutes,
as determined by USP XXl Paddle Method il using
water ai 37°C as the dissolution media and 50 rpm
as the stirring rate.

4, The composition according 1o any one of claims |
to 3, wherein drospirenone is sprayed from a solu-
tion of drespirenonc ento particles of an incrt carrice,

5. The composition according to any one of claims 1
to 4, wherein the in viiro dissolution of ethinylostra-
diol is such that at teast 70% is dissolved within 30
minutes, as determined by USP XXH1 Paddle Meth-
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od |l using water at 37°C as the dissolution media -

and 50 rpm as the stirring rate,

6. A pharmaceutical preparation consisting of a
number of scparately packaged and individually re-
movabie daily dosage units placed in 2 packaging
unitand intended for oral administration for a period
of al least 21 consecutive days, wherein said daily
dosage units comprises a combination of dros-
pircnone in an amount of from about 2 mg to 4 mg
and cthinylestradiol in an amount {rom about 0.01
1o 0.05 mg, whercin said drospirenone is in micro-
nized form.

7. The preparation according to claim 6, wherein the
drospircnone has a surface area of more than 10
000 cméfy.

8. The preparation according 1o any one of claims & or
7, wherein at least 70% of said drospirenone is dis-
solved from said dosage unit within 30 minutes, as
determined by USP XXl Paddle Method Il using
waler al 37°C as the dissolution media and 50 pm
as the stirring rate. '

8. The preparation according to any ong of the claims
61o 8, wherein said ethinylestradiel is in micronized
form or sprayed from a solution onto particles of an
iner carrier,

10, The preparation according to any cne of claims 6 to
9, which additionally comprises 7 or less daily dos-
Age units containing ne active agent intended for
oral administration subsequent to the period of at
least 21 cansecutive days, the total number of daily
desage unils being at least 28.

11 . The preparation according to any anc of claims 6 to
9, wherein the number of daily dosage units com-
prising the combination of drospirenonc and ethi-
nylestradiol is 21, 22, 23 or 24, and wherein the
number of daily dosige unils containing no dclive
agentis 7, 6,5 or 4.

12. The preparalion according to any one of claims 6to
,.. "9 inlended for oral administration for a period of at
i |oast 2B consecutive days, wherein at least 21 of
"+~ SAid daity dosage units comprises a combination of
’ _drespirenong in an ameount of from about 2 mgto 4
. mgq and cthinylestradiol in an amount from about
. .0.0%10 0.05 mg, and wherein 7 or less of said daily
_+ dosage unils contain cthinylestradiof alone in an
amount from abeut 0.01 to 0,05 mgq.

13. The preparation accerding to any ane of claims 6 to
9, whercein the number of daily dosage units com-

- prising the combination of drospirencne and ethi-
nylestradiol is 21, 22, 23 or 24, and wherein the
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number of daily desage units comprising ethi-
nylestradiol alone is 7, 6, 5 or 4,

14. The preparation according te any one of claims 6 o
9, wherein the number of daily dosage units com-
prising the combination of drospirenone and ethi-

» nylestradiol is 28, or a multiple of 28 such as 2-4, in
paricular 2 or 3, times 28,

15. 7hi: preparation according to claim 6, wherein the
{i#iber of daily dosage units intended for oral ad-
tinistration is for 2-4, preferably 2 or 3, times 28
conseculive days, followed by administration of the
daily dosage units comprising the combination of
drospirenone anc ethinylestradiol for 21, 22, 23 or
24 consecutive days and subsequently agministra-
_tion of the daily dosage unils containing no active
: ‘agent, or administration of no daily dosage units, for
7, 6, 5 or 4 consccutive days.

16. Use of drospirenane combined with ethinylestradiol
for preparing a phammaceutical composition for the
inhibition of ovulation in a mammal, in particular &
hurnan, the compesition comprising an amount of
drospirencne correspending ta a daily dosage, on

" ‘administration of the compasition, of irom about 2
™g to 4 mg, and comprising an amount of ethi-
nylestradiol corresponding Lo & daily dosage, on ad-

nifistration of the composition, of from about 0.04

11,05 mg, and wherein said drosgirenonc is in mi-

ctonized form.

- 17. The use according to claim 16, wherein said dros-

"pi‘renone has a surface area of more than 10 ¢00

g,

18. The use according to any onc of claims 16 or 17,
* wherein at least 70% of said drospirenone is dis-
“solved from said composition within 30 minutes, as

determined by USP XXl Paddle Method 1! using
'water at 37°C as the dissolution media and 50 rpm
as the sliring rate

19..The use according to any one of claims 16 te 18,
* Wnerein the dissolution of ethinylestradiol is such
that at least 70% is dissolved within 30 minutes, as
Biftarmined by USP XXl Paddle Method Il using
Wsjer at 37°C as the dissalution media and 50 rpm

¥ the stirring rate,

Patentanspriiche
1. ‘Pharmazeutische Zusammensetzung, dic als er-
-+ sten Wirkstoff Drospirenon in einer Menge enthal,
- 'di_'é bei der Gabe der Zusammenselzung einer Ta-
gesdosis von 2 mg bis 4 mg entspricht, und als
zweiten Wirkstoff Ethinylestradiol in eciner Menge,
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die cingr Tagesdosis von ciwa 0,01 mg bis 0,05 mg
entspricht, gemeinsam mit einem oder mehreren
pharmazeutisch annehmbaren Trigern oder Asz-
neimitteltrgern, webei das Drospirenon in mikroni-
sierter Form vorliegt.

Zusammensctzung nach Anspruch 1, wobei das
Drospirenon cine Oberflache von mehr als 10 600
crm2fg hat. ‘

Zusammensetzung nach einem der Anspriiche 1
oder 2, wobei mindestens 70% des Drospirenens
innerhalb von 30 Minuten aus der Zusammerns. i=
zung wie mit der USP XXHI Paddie-Methode 1l . 3r
Verwendung von Wasser mit 37 °C als Losc.ud
ung 50 WMin. als Rihrgeschwindigkeil bestimsat
herausgelést werden.

Zusammensetzung nach einem der Anspriiche 1
bis 3, wobei Drospirenon aus einer Crospirenonla-
sung auf Partikel eines inerten Trdgers gespritht
wird.

Zusammensetzung nach einem der Anspriiche 1
bis 4, wobei die in-vitro-Aufldsung von Ethinylestra-
diol derart ist, dass mindestens 70% innerhalb von
30 Minuten wie mit der USP XXIll Paddle-Methode
H unter Verwendung von Wasser mit 37 °C als Lo-
sefluid und 50 U/Min. als Rihrgeschwindigkeil be-
stimmt herausgeldst werden,

Pharmazeutisches Priparat beslehend aus ¢vipr
Anzahl geirennt verpackler und einzeln hergud-
nehmbarer Tagesdosiseinheiten, in cine Verpak-
kungseinheit platzier und fir die orale Gabe fir er-
ne Daucr ven mindestens 21 aufeinander folgen-
den Tagen bestimmt, wobei die Tagesdosiseinhei-
ten eine Kombination aus Drospirenon in ciner
Menge von etwa 2 mg bis 4 mg und Ethinylestradiol
inginerMenge von etwa 0,01 bis 0,05 mg enthalten,
wobei das Crospirenon in mikronisierler Form vor-
liegt.

Préaparat nach Anspruch 6, wobetl das Drospirenon
cine Oberfidche von mehr als 10 000 cm@/g hat.

Priparat nach einem der Anspriiche 6 oder 7, wobei
mindestens 70% des Drospirerons aus der Dosis-
einheil inngrhalb von 30 Minuten wie mit der USP
XXill Paddle-Methode 1l unter Verwendung 'vor
Wassor mit 37 °C als Lésefluid und 50 U/Min,-Als
Riihrgeschwindigkeit bestimmt herausgeldst wer-
den,

Préparal nach einem der Anspniche § bis B, wobgi

das Ethinylestradiel in mikrenisierter Form oderaus” -

einer Ldsung auf Partikel eines inerten Tragers ge-
spriini vorlicgt.
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Praparal nach einem der Anspriiche 6 bis 9, das
zusitrlich 7 oder weniger Tagesdosiseinheiten cnt-
hélt, die keinen Wirkstoff enthalter, die zur oralen
Gabe im Anschluss an die Periede von mindestens
21 aufeinander folgenden Tagen bestimmi sind,
wobei die Gesamtanzah! der Tagesdesisginhoflen
mindestens 28 betrégl.

Praparat nach cinem der Anspriiche 6 bis 8, wobei
die Anzaht der Tagesdosiseinheilen, dic die Kom-
bination aus Drespirenen und Ethinylestradiol ent-
halten, 21, 22, 23 eder 24 betrégt und wobei die An-
zahl der Tagesdosiseinheiten, die keinen Wirkstoff
enthalten, 7, 6, 5 oder 4 botrégl.

Praparat nach cinem der Anspriiche 6 bis 9, das
sur oralen Gabe fir ¢ine Periode von mindeslens
28 aufeinander folgenden Tagen bestimmi ist, wo-
bei mindestens 21 der Tagesdesiscinheiten eine
Kombination aus Drospirenon in einer Menge von
etwa 2 mg bis 4 mg und Ethinylestradiol in einer
Menge von elwa 0,01 bis 0,05 mgenthalten und wo-
bei 7 oder weniger der Tagesdosiscinheilen nur
Ethinylestradiol in einer Menge von etwa 0,01 bis
0,05 mg enthalten,

Praparat nach einem der Anspriiche 6 bis 8, wobei
die Anzah! der Tagesdesiscinheiten, dic die Kom-
bination aus Drospirenon und Ethinylestradiol ent-
halten, 21, 22, 23 oder 24 betriigt und wobcet dic An-
zahl der Tagesdosiseinheiten, die nur Ethinylestra-
diol enthalten, 7, 6, 5 oder 4 betrigt.

Priparat nach cinem der Anspriiche 6 bis 9, wobcei
die Anzahl der Tagesdosiseinheiten, die dic Kom-
bination aus Drospirenon und Ethinylestradiol ent-
halten, 28 oder ein Viellaches von 28 betrégt, wie
7um Beispic! 2 bis 4 Mal, insbesondere 2 bis 3 Mal,
28.

Praparat nach Anspruch 6, wobei die Anzahl der
platzierten Tagesdosiseinheiten fir die orale Gabe
fir 2 his 4, vorsugsweise 2 oder 3, Mal 28 aufein-
ander folgende Tage bestimmt ist, gefolgt von dor
Gabe von Tagesdosiseinheiten. die dic Kombinati-
on aus Drospirenen und Ethinylestradiot enthalten,
wihrend 21, 22, 23 eder 24 aufeinander iolgenden
Tagen und danach Gabe von Tagesdosiseinheiten,
die keinen Wirksteff enthalten, oder keine Gabe von
Tagesdosiscinheiten wihrend 7, 8, § oder 4 aufein-
ander folgenden Tagen.

Verwendung von Drespirenon kombiniert mit Ethi-
nylestradiol zur Zubereilung einer pharmascuti-
schen Zusammensetzung zur Inhibition des Ei-
sprungs in cinem Séugetier, insbesondere beim
Menschen, wobel die Zusammenselzung cine
Menge Drospirenon enthdlt, dic bei der Gabe der
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Zusammensclzung einer Tagesdosis von ctwa 2
mg bis 4 mg entspricht, und die eine Menge Ethiny-
lestradiol enthdll, die bei dor Gabe der Zusammen-
selzung einer Tagesdosis von etwa 0,01 bis 0,05
mg cntspricht und wobei das Drospirenon in mikro-
nisiorter Form vorliegt.

Verwendung nech Anspruch 16, wobei das Drospi-
renon eine Oberftiche von mehr als 10 000 cm/g
hat.

Verwendung nach einem der Anspriche 16 oder
17, wobei mindestens 70% des Drospirenons aus
der Zusammenscetzung innerhalb von 30 Minuten
wic mit der USP XX Paddie-Malhode [t unter Ver-
wendung von Wasser mit 37 °C als Lésefluid und
50 U/Min. als Rikrgeschwindigkeil bestimmt her-
ausgeldst werden,

Verwenaung nach einem der Anspriiche 16 bis 18,
wobei die Aufldsung von Ethinylestradiot derart ist,
dass mindestens 70% innerhalb von 30 Minuten wie
durch die USP XXIIl Paddle-Methode Il untar Ver-
wendung von Wasser mit 37 °C als Lésefluid und
50 U/Min. &ls Rihrgeschwindigkeit bestimmt her-
ausgelost werden.

Revendications

Camposilion pharmacoculiqgue comprenant, comme
premier agent actif, de & drospirénone, en quantité
correspondant & une dese journaliére, lors de Y'ad-

" ministration de la compesition, d'enviren 2 mg a 4

w

mg et, comme second agent aclif, de 'éthinylestra-

- dicl, en quanlité correspondant & une dose journa-
" ligre d'environ 0,01 mg & 0,05 mg, avec un ou plu-

sieurs véhicules ou excipients pharmaceutigue-
ment aceeptables, dans laguelie fadile drospiréno-
nc esl sous forme micronisde.

Compaositidn selon [a revendication 1, dans [aquelle
la drospirénone a une surface spécifique supérieu-
re & 10 000 cmé/g.

Composition sclon l'une quelcanque des revendi-
catiens 1 ou 2, dans laquelle au meoins 70% de ladite
drogpirénone passent cn solution depuis ladite
compesition en I'espace de 30 minutes, la détermi-
nation é&tant faile selon la Pharmacopée US XX
par la méthode avee paleties 1, en utilisant de l'eau
4 37°C comre milicu de dissolution et une vitesse
d'agitation de 50 tours/min.

Composition sclon 'une quelcenque des revendi-
cations 1 2 3, dans laguelle la drospirénone est pul-
vériséo A partir d'une selution de drospirénone sur
des particules d'un véhicule inerte.
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.. Composilion selon l'une quelconque des revendi-

cations 1 44, dans laquelle Ia dissolution in vitro de
I'éthinylestradiol est ielle qu'au moins 70% passent
en solution en I'espace de 30 minutes, la détermi-
nation étant faite selon la Pharmacopée US XXIN
par la méthode avec paleites 11, en utilisant de I'eau
& 37°C comme milieu de dissolution et une vitesse
d'agitation de 50 tours/min.

E‘?}{:paralion phamaceutique constituee d'un cer-
f25% nombre de doses unitaires journaliéres condi-
lithnées séparément et pouvant étre retirées indi-
viduellement, placées dans un emballage unitaire
¢t destinées & &tre administrées par voie orale pen-
dant une durée d'au moins 21 jours consécutifs,
dans laquelle lesdites doses unitaires journaligros
cémprennent une asseociation de drospirénone en

" quantité d'environ 2 mg & 4 mg et d'éthinylestradiol
~enquantité d'environ 0,01 4 0,08 mg, dans laquelle

ladite drospirénone est sous forme micronisée,

Préparation selon ta revendication 6, dans laguellc
la drospirénene a une surface spécifique supérieu-
@ A 10 000 cm?/g,

Fréparalion selon l'une quelconque des revendica-
tions € ou 7, dans laquelle au moins 70% de ladite
‘_dmspirénone passent en solution depuis |adite do-

“- ®¢:Unitaire en l'espace de 30 minutes, la détermi-
o

Tan ‘élant faite selon la Pharmacopée US XX/l
{zrla méthode avec paletles 1, en utilisant de I'eau
#57°C comme mitieu de dissalution et une vitesse
d'agitation de 50 teurs/min.

Préparation selon Fune quelconque des revendica-
tions 6 & B, dans laquelle ledit éthinylestradiol est

" sous ferme micronisée ou est pulvérisé & parir
"d'une solution sur des particules d'un véhicule iner-

te.

Préparation selon 'une quelconque des revendica-
tions 6 & 9, qui comprend en oulre au plus 7 doses
unitairésjoum aliéres ne contenant pas d'agent actif
de_stinéeS'a étre administrées par voie orale a l'is-

- stie de la période d'au moins 21 jours consécutifs,

Ie fiombre total de doses unitaires journalitres étant
U moins 28.

&paration selon 'une quelconque des revendica-
tt_{:?»s 6 & 9, dans laquelle le nombre de deses uni-
taires journaliéres comprenant l'association de
drospirénone et d'éthinylestradiol est de 21, 22, 23
ou 24, etdans laquelle le nombre de doses unitaires

JJoiirnaligres ne conienant pas d'agent actif est de

7.6,50u4.
Préparation selon 'une quelconque des revendica-
tions 6 & 9 destinée 4 &re administrée par voie orale
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pendant une durée d'au moins 28 jours consecultifs,
dans lzquelle au moins 21 desdites doses unitaires
journaliéres comprennent unc association de dros-
pirénone en guantité d'environ 2 mg & 4 mg et d'éthi-
nylestradiol en guantité d'environ 0,01 & 0,05 mg,
et dans laguelie au plus 7 desdites doses unitaires
jeutnaligres contiennent de I'éthinylestradiol seul,
en quantité d'environ 0,01 a 0,05 mg.

Préparation selon I'une quelcongue des revendica-
tions & & 9, dans laquelle le nombre de doses uni-
taires journafiéres comprenant I'association dz
drospirénone et d'éthinylestradiol est de 21, 22, 23
ou 24, et dans laquelle le nombre de doses unitaires
joumaliéres comprenant de ['éthinylestradiel seut
estde7,6,50u4.

Préparation selon une quelconque des revent 2
tions 6 a 9, dans laguelle e nombre de doses uni-
taires journalicres comprenant i'association de
drospirénone et d'éthinylestradiol est de 28, oud'un
multiple de 28 comme 2-4 fois 28, en particulier 2
ou 3 fois 28.

Préparation selon la revendication €, dans laquelle
le nombre de doses unitaires journalibres deslinées
a l'administration orale est de 2-4 fois, de préféren-
ce 2 ou 3 fois, 28 jours consécutifs, suivie de l'ad-
ministration des doses uniteires journalicres com-
prenant Vassociation de drospirénene ct d'ethiny-
lestradiol pendant 21, 22, 23 ou 24 jours consécu-
tils, puis de l'administration des doses unitaires
journalieres ne contenant pas d'agent actif, ou de
I'absence d'administration de doses unitaires jaur-
nalieres, pendant 7, 6, 5 ou 4 jours consécutifg;:_k.-_
RSl
Utilisalion de drospirénone associée a de I'éthiny-
lestradiol pour préparer une compasition pharma-
ceutique destinée & inhiber l'ovulation chez un

mammifére, en particulier un étre humain, la com- -

position comprenant une quantité de drospirénone
correspendant & unc dose journaliére, fors de |'ad-
ministration de !a composition, d'envircn 2 mg a 4
mg et comprenant une quaniité d'éthinylestradiol
correspendant & une dose journaliere, lors de |'ag-
minisiration de la composition, d'cnviron 0,061 mg a
0,05 mg, et dans laquelle ladite drospirénone ost
sous Torme micronisée. '

Utilisation selen la revendication 16, dans laquelle
ladite drospirénone pesséde une surface spécifi-
que supérieure 4 10 000 em2/g.

Utilisation sclon I'une quelcongue des revcng’iq::.;;-
tions 16 ou 17, dans laguclle au moins 70% dela-
dite drospirénone passent en solution depuis ladie
composition en I'espace de 30 minutes, la détermi-

nation étant faitc selon la Pharmacopée US XXl
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par la méthede avec patettes |1, en utilisant de 'eau
a 37°C comme milicu de dissolution et une vitesse
d'agitation de 50 tours/min.

Utitisation selon 'unc quelcongue des revendica-
tions 16 4 18, dans laquelle la dissolution de 'éthi-
nylestradiol est telie qu'au moins 70% passant en
solution en l'espace de 30 minutes, la détermination
élant faile selen la Pharmacopée US XXII par la
méthode avec palettes |l, en utilisant de l'eau &
37°C comme milieu de dissclution ¢t une vilesse
d'agitation de 50 tours/min.
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Fig 31-8. Effect of lubricant on the dissolution rate of tablets: ¢
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{A) Effect of magnesiurs stearate on dissolution rate of salioylic acld from rotating disks made from fine saficyllc acid powder. Key: 0O, 3% magnesium
stearate; @, no lubricant added. (8) Eltoct of lubricant on dissolution rate of salicylic acid cantained in. compressed tablets (formula A} Key: X, 3%

magnesium stearate; @, no lubricant; O, 3% sodium laury] suifate.

dissolution characteristics of the tablets and not the method
of granulation per.se. Figure 31-9 shows the effect of differ-
ent granulation methods on the dissolution rate of tabiets.

Effects of Compression Force on Dissolution Rate

In his early studies of the physics of tablet compressmn T
Higuchi (1953), pointed to the great influence of the com-
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Flg 31-9. Effec{ of manufacturmg process on the drssolullon rate of
tablets, 7

Kay' By Direct com;;resslon with ﬂpray drled Iactog;c‘ Bz Wel gramﬂatmn with
athyicellulese and lactose, By Acacla mucilago and’ Iecmsa. 3 Starch pasle
dndf-lactise, "

pressional force employed in the tabletmg process on the
apparent - dens:ty. porosity, hardness, disintegration time
and average primary particle size of compressed tablets.
There is always a competing relal,lonshlp between the en-
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the added ingredientsare selected In order to'give the tablet
formulation the desirable physical ¢haracteristics allowing
the rapid compression of tablets. -After comgression the
‘tablets' must have a nuimber of additional attributes such as
appedrance, hardness, disintegration ‘ability, appropriate
dissolution charactefistics and uniformity which also are
influenced both by the method of preparation and by the
added materials presentin the formulation. Inthe prepara-
Lion &f comnpressed tablets the formulator also must be cog-
nizant of the effect which the ingredients and methods of
preparation'may have on the availability of the active ingre-
dienls and hencethe therapeutic efficacy of the dosage form.
In reéponse Lo a request by physicians to-change a dicumarol
tzblet in order that it might be broken more easily, a Canadi-
an company reformulated tomake a large tablet with a score.
Subsequent use of the tablet containing the same ariount of
drug substance as the previous tablet, resulted in complaints
that larger-than-usual doses were needed to produce the
same t.herapeuuc response' " On the other hand, literat.ure
goxin tablet resulted in'a tablet; dlthough containing’ the
same quantity of drug substance, that gave the desired clini-
cal response at half its original dose. Methods and princi-
ples that can be used to assess the effects of excipients and
additives on drug 1bsorptlon have been rev:ewed 21415 See
Chapters 36, 75 and '16 oo :

féblet lngredients

In addition to the active or therapeutlc mgrechcnt t,ablcts
contain a number of inert'matcrials. The latter are known
as additives or excipients. - They may.be classlf ed_aqcp;dxng
to the part they play in ithe finished {ablet. The first group
captaing those which help to impart sat:sfactory processing
and compression charagteristics to the.formulation. These
include diluents, bmdcrs and gll.dants and lubrtcants ’I‘he
second group of: added substances helps to give, additional
desirable physical characteristics to the finished tablet. -In-
cluded in this group are disintegrants, colors, and in the case
of chewable- tablets, flavors and sweetemng agents, and in
the case of controlled release tablets, polymers or waxes or
other solubility- ret.atdmg rnat.crlals .

“Although the term inert has been applied to thcsc added
matenals, it is becoming increasingly. apparent that there is
an 1mp0rf.ant; relationship between the properties, of the
exmplents and the dosage forms containing them. - Prefor-

mulation studies. demonstrate their mﬂuence on stability,
bloavaﬂablhty and the processes- by whlch the dosage forms
are prepared. - The need for acquiring more mformauon and
use standards for excipients has been recogmzed in & joint
venture of the. Academy of. Pharmaceuttcal Sciences and the

'Councﬂ of.. the Phaxmaceut.lcal Socmf.y of Greal Brit.am

The result is. called thé Handbaok of Pharmaceuucal Excip-
tents. Thls refer;ence. is. now distributed mdcly throughout
the world 6. )

o » . Daluents

Frequentiy thé smgle dosé of the'active ingredient is small

and an inert substaice is added to increase the bulk in order -

to make the tablet a practical size for compression. Cori-
pressed tablets of dexamethasone contain 0.75 mg steroid
per tablet, hence, it is chvious that ariother material must be
gdded to make tabletlng possible. Diluénts used for-this
pirpose include ‘dicalciuim phosphate, calcium sulfate, lac-
tose, cellulose, kaolin, mannitol, sodiumi chlckide, dry starch
énd powdered sugar. “Certain diluents, such-gs'mannitol,
lactose sorbitol, sucrose and inositol, when present in guffis
cietit quantlty, can impart propertles to some compressed
tablets that permit disintegration in the mouth by chewing.

ORAL SOLID DOSAGE FORMS 1635

Such tablets commonly are called chewable tablets. 'Upon
chewirig, properly prepared tablets will disintegraté-smooth-
ly at a satisfactory rate;-have a pleasant taste and feel and
l¢ave no unpleasant aftertaste in the mouth. - Diluents used
as excipients for direct compressmn formulas have ‘been
subjected to ptior processing to give them!flowability and
compressnbahty These dre -discussed under Darect Com-
pression, page 1645.

Most formulators of immediate-release tablet.s tend to use
conslsbently only oné or two diluents selécted from the above
grouyp in their tablet formulations. Usually, these have been
selected on the basis of experience and cost factors.- Howev-
er, ini‘the formhnlation of new therapeutic agents the com-
patibility of the diluent with the drug must be considered.

. For. example, caleium salts used-.as diluents fér the broad-

spectrum antibiotic tetracyeline have been'shown €o inter-
fere “with the drug’s absorption from the gastromt,cstmal
tract. When drug substances have low water solubility, it is
recommended that water-soluble diluents be used to avoid
possible bioavailability problems. Highly adsorbent sub-
stances, eg, bentonite and kaolin, are to be avoided in mak-
ing tablets of drugs used clinically in smalt dosage, such as
the cardiac glycosides, alkaloids and the synthetic estrogens.
These drug substances may be adsorbed to the point where
they are not cornpletely available after administration.. The
combination of aming bases with lactose, or amine salts with
lactose in the presence of an alkaline luhrmant, results in
tablets which discolor:on aging.. . ~

Mlcrocryst.nllme -cellulose (Av;ccl) usually is used as an
excipient ir direct compression.formulas. - However, its
preséncein § to 15% concentrations in wet:granulations has
‘been:shown té be beneficial in the granulation and-drying
processes'in minimizing case-hardening of the tablets anthn
reducing tablet mottling. .

Many ingredients are used for several. different, purposes,
even within the same formulation. For example, cornitarch
<in be used in-paste form as a binder.. When.added:in drug
ot. s‘uspensmn form, it is a good disintegrant. Even though
these: two uses are to achieve opposite goals, somdé tablet
formulas use corn starch in both ways.: In some controlled-
release formulas;-the polymer hydroxypropylmethylesliu-
lose- (HPMC) is used both as an aid to prolong the release
from the tablet, as well gs a film-former it the tablet coating,
Thérefore, most cxcipients used in formulatingtablets and
capisuleés ave many uses, and a thorough understanding of
their properties:and limitations is necessaty m orde: 1o use
them ratlonally : T o Db o

Binders
* Agdnts used to zmpart cohesive qualities to the- pdwdered
‘miterial are réferred to’ as' binders or granulators:- They
unpart i cohesweness ta the tablét formulation whlch in-
sures the tablet rerhdining intact affér compression, ds well
as improving the freé-flowing qualities by the fotmulation of
granules of desired hardness and size.- Matérials commanly
used-as binders include starch, gelatin and sdgars-as sucrose,
glicose, dextrase, molasses 4nd lactose. * Natural and syn-
thetic gums which have been used-include acacia, sodium
alginate, ‘extract of Irish moss, panwar gum, ghatti gum,
‘mucilage ‘of isapol husks, carboxymethylcellulose methyl-
cellulése, polyvinylpyrrolidone, Vecguin and larch araboga—
Yactan. 'Other agents which may be considered binders un-

. der-certain circamstances are polyéthylene glycol éthy[cel

lulose, waxes, water and alcohal
The quantity of binder uged has consxderable influence on

‘the cliaracteristics of the compressed tablets. The use of boo

much binder or too strong a binder will make ' ‘hard-tablét
which will not disintegrate easily and which will tAuse exces-
sive wear of punches and dies. " Diffefences in binders used
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Ahstract sohal,

Microcrystalline cellulose (MCC) was pulverized with a vibrationa! rod il The degree of crystallinity of MCC decreased from 65.5 to
12.1% with pulverization time due to mechanachemical effect. Pulverized MCCs were compressed at 155.6 MPa using a compression test
apparatus, and the two parameters relating to compactability, the B value and yield pressure, were calculated usiog a Heckel plot. ‘These
values were lowered as the degree of crystallinity of MCC became smaller. These results suggest that the crystal region and the smorphous
region in MCC particles may be mainly fractured and deformed plastically during compression, respectively. Then the dissalution test was
performed for the acetaminaphen-MCC (10:90) tablets. Dissolution profiles showed an interesting phenamenan, namely, the dissolution
rale of acetaminophen frum MCC tablet decreased when the degree of crystallinity of MCC was in the range from 65.5 to 37.6%, however,
it increased markedly when the degree of crystallinity of MCC was in the range from 25.8 to 12.1%. The amount of water absorbed into
tablets changed in accord with the dissolution rates of acetaminophen from tablets. The dissolution data indicate that drug release can be

modified by changing the degree of crystallinity of MCC. @ 1999 Elsevier Science B.V. AN rights reserved,

Keywords: Microcrystalline cellulose; Crystallinity; Compactability; Heckel plot; Dissolution rate

1. Introduction

Microerystalline cellulose MCC) was commercialized as
Avicel® by FMC corporation in 1962, and it was registered

- in the supplement to the Nationa! Formulary, twelfth edi-

tion, in 1966. Although Avicel was only the brand-name
production of MCC until about 1980, since then, consider-
able numbers of MCC productions have been Jaunched in
various countries. MCC has becn widely used as an additive

for direct compression because of its good flowahility and

compactability.
MCC is manufaciured by the following process: at first,

* Carresponding author. Pharmaceutieal Formulation Research
Laboratery, Daiichi Pharmacentical, 16-13, Kita-krsai 1-chome
Edogawa-kn, Tokyo 134, Jopan, Tel.: +-81-3-5658-1454;
fax: +81-3-5696-8466.

woodpnlp made from needle-leaf trees or retumnpulp made

* “from cotton-seed fiber is hydrolyzed with mineral acid. The

intertediates are then neutralized and washed after remov-
ing the amorphous region and impurities to purify the MCC
[1}. Therefore, it has oftco been indicated that differences in
the characteristics of MCC among manufacturers are due to

-the kinds of pulp used as raw materials and their manufac-

tufing conditions, whichaffect the compactability [2,3)].
Thomas et al. [4] reported that the Compactability Index
differed among five brand-name MCCs, Rowe et al. [5]

“jrointed out that the particle size of MCC affected tablet
" “characteristics much more than the crystallinity of MCC

beeause crystallinities among 11 brand-name MCCs mea-
sured by powder X-ray diffcaction patterns and infra-red
absorption spectra were almost the same, and their degree
of crystallinity were in the range of 61.8-65.0% in powder
XRD method, 57.7-69.4% in IR method, Pesonen et al. [6]
reported that the compactability of Avicel and Emcocel®
(Finnish Sugar) were almost equal as the results of evalua-

(939-6411/9%5 - see front matter € 1999 Elsevier Science B.V. All nghts rc-servcd

PIf: 80939-6411(98300102-7
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tion using Kawakita's equation. They conciuded that the
most important materials property affecting the breaking
strength of tablets was the specific surface area of the start-
ing material, and no comelation between crystallinity, par-
ticle size or particle shape of starting malterial and the
strength of tablels was observed. However, s the degree
of crystaliinity of MCC used io their study were almost the
same, 63 and 68% for Avicel and Emcocel, respectively, the
effect of crystallinity of MCC did pot seem to be clear.
Landin ct al. reported that yield pressure, which is one of
the parameters in a Heckel plot [7,8] related 1o the compact-
ability of powder, exhibited no significant difference among
four brand-name MCCs manufactured in Finland, Iodia, Ire-
land and Japan, though their chemical composition, crystal
structurc and particle size were different {9]. lkeda et al.
evaluated the compactability of powder cellulose, which
has a higher degree of polymerization than MCC, using
Kawakita’s equation and a Heckel plot {10]. Although
some of these studies described the effect of the difference
in erystallinity among various brand-pamed MCCs on the
compactability, we could hardly find any articles examining
the effect of change in crystallinity io the same brand-
named MCC on the compactability and dissolution charac-
teristics of tablets.

MCC as well as the other additives is often pulverized in
pharmacewtical processes, therefore it is importast™ for
assurance of the quality of drug products to clarify the efféct
of changes in physicochemical propertics of MCC caused
by pulverization on physical characteristics, such as granu-
lation #nd compression and chemical characteristics, such
as content vniformity and dissolution,

We reported that the degree of crystallinity of MCC
affects the characteristics of granules manufactured using
a high-shear mixer in a previous paper [11]. I this study, we
took notice of crystallinity in various physicochemical prop-
ertics of MCC, and cxamined the cffect of the degree of
crystallinity of MCC on the compactability and dissolution
characteristics of tablets.

2. Materials and methods
2.1. Mazterials

MCC (Avicel PH101, Asahi Chemical Indusiry) and acet-
aminophen (Yamamoto Chernical Industry), 75-150 m,
were used. They were of JPXII grade.

2.2, Pulverization of materials

Ten grams of MCC were pulverized using a vibrational
rod mill (Sample Mill, Heiko, Japan) Yor 2—30 min aod then
passed through a 150 m sieve. In addition, MCC pulverized
with a jet mill (PYM-NP, Nihon Prenmatic, Japan) under the
following conditions was prepared in order to evaluate the
cffect of particle diameter on the dissclution rate: com-

pressed air consumption, 2.0 kg/um® per min; air pressure,
6.5 kg/em?; sample feed, 0.5 kg/h, and then passcd through a
150 m sieve.

2.3. Measurement

Powder X-ray diffraction patterns were measured using a
Mac Scicnce X-ray diffractometer with Ni-filtered Cu-K o
radiation, Voltage 35 kV, current 20 mA, receiving slit 0.15
mm, scanpning speed 2° per min. The crystallinity of each
material was calculated by Harman's method.

The particle size of each material was measured in etha-
nol by a particle size analyzer wvsing laser diffraction
{Microtrac 11, Leeds & Northrup, USA).

Electron micrographs were taken with a Hitachi 8-2360
scanning electron microscope. The samples were coated
with gold, using a direct current sputter technique.

The equilibrium moisture curves were measured with a
Integrated Microbalance System MB 300G (VT] Corpora-
tion, USA).

Each material was compressed with 2 compression test
apparatus (Autograph AG3000B, Shimadzu, Japan) using
flat-face punches of 8 mm diameter (n = 3). The compres-
sica speed and the reverse speed of an upper punch was set
at 10 mm/min and 100 mm/min, respectively. The compres-
sion force was removed at fhe time when the pressure of an
upper punch reached at the set pressure. The time course
was always identical in compression study. Tablet weight
for cach sample was 200 mg. No lubricant was vsed in this
compression study. The stress transmiysion was calculated
by dividing the lower punch pressure by the upper punch
pressure at 155.6 MPa. The compression energy was calcu-
lated from a displacement-force curve for the upper punch.

Heckelplot analysis was applied to estimate how MCC
deforros in the compression process. Heckel found that the
reduction in voidage obeys a first-order linetics type of
reaction with applied pressure. Heckel’s cquation is as fol-
lows [12):

1001 /(1 - p N =KP, + A

where p, is the relative density of the compact, X and A are
constants detenmined from the slepe and intercept of the
extrapolated linear region of the plot, respectively. K is
expressed as the reciprocal of yield pressure (P} which
reflects the plasticity of the sample. The diffcrence betwecn
the relative density at the point where measurable force was
applied, and the relative density calculated from the inter-
cept of Heckel plot linear poriion is expressed as the B
value which reflects the extent of densification by move-
ment and reorientation of the particles, and the magnitude
of fracture of the sample particles.

‘T'ablet bardness was measured with a tablet-hardness tes-
ter {Tablet Tester 6D, Schicuniger, n = 3), and the crushing
strength, that is to say, tensile strength, was calculated.

Tablets containing 20 mg of acctaminophen and 180 mg
of MCC with different degree of crystallinity were prepared
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Table 1

Mean particle dizmeters of I-MCC and R-MCC

Pulverization Depree of Mean particle
time (min) crystallinity (%) diameter (gm)
-MCC
0 65.5 44
R-MCC
2 546 20
5 48.2 30
10 37.6 19
20 258 20
30 12.1 15
I-MCC
633 16

with the compression test apparatus described above, A
dissolution tests for tablets were performed by the JPXTI
paddic method at 50 rpm in 900 ml of water at 37 (n = 3).
Acetaminophen was assayed spectrophotometrically (243
nm).

The amount of watcr absorbed into a tablet and the swel-
ling ratio of the tablets werc measured at room temperature
using the apparatus reported by Nogami et al. [13] (n = 3).
The amount of water absorbed into a tablet was determined
by measuring the weight change before and after the test,
and the swelling ratio was estirnated by measuring the
change in the tablet thickness caused by water absorption.
These measurements werc carried out afier establishing
apparent equilibrinm,

3. Resulis and discussion
3.1. Characterization of pulverized materials

Intact MCC, MCC pulverized with a vibrational rod mill,
and MCC pulverized with a Jet mill are abbreviated as 1-
MCC, R-MCC, and J-MCC, respectively, in the following
sentences. Table 1 shows the mean particle dismeters and
the degree of crystallinity of I-MCC, R-MCC and J-MCC.

. The mean particle diameter and the degree of crystallinity
of I'MCC were 44 m and 05.5%, respectively. These of R-

- MCC were reduced to 30-15 m and 54.6- 12.1% with grind-

ing time. Decrease in crystallinity is due 10 a mechanochem-
ical effect as previously reported by Nakai et al {14).
However, the particle diameter of J-MCC was as small as
that of R-MCC ground for 30 min, but the degree of crystal-
linity scarcely changed by grinding. The reason for the dif-
fercnce of the degree of crystallinity between R-MCC
milled by a vibrational rod mill for 30min and J-MCC
milled by a jet mill was presumed that the grinding mechan-
ism between a vibrational rod mill and a Jet mill is different.
The main mechanism of a vibrational red mili is the friction
while that of a Jet mill is the collision. Therefore, the reduc-
tion in crystallinity has to be higher for a vibrational rod
mill,

.. Fig. 1 shows SEM photographs of I-MCC and R-MCC.
The shape of the MCC was also changed by pulverization,
that is, R-MCC particles were almost round in shape, while
I-MCC particles were fibrous.

Fig. 1. Scanning electron micrographs of I.MCC and R-MCC (a) I-MCC (b} R-MGC.pulverized for 5 min (¢) R-MCC pulverized for 10 min (d) R-MCC

pulverized for 20 mir (&) R-MCC pulverized for 30 min

P
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Fig. 2, Waler vapor adsorption curves of MCC with varous degrees. of

erystallieity at 25°C. Degres of crystallinity: I-MCC: {O) 65.5%; R-MCC:
(M), 17.6%; (A) 25.8%.

The equilibrium moisture curves of MCC with various
degree of crystallinity are shown in Fig. 2. The amount of
water adsorbed by MCC at a constant relative humfidity
increased with a deerease in the degree of crystatlinirty.
This phenomenon was caused due to the fact that the amor-
phous region is more hydrophilic than the erystalline region.

3.2, Compactability of MCC

The parameter of compactability was changed among the
samples. Fig. 3 shows the relationship between the para-
meters of compactability and the depgree of crystallinity of
MCC.

The stress ransmission from the upper puach to the lower
punch was almost at the same level among the MCC sain-
ples. However, the compression encrgy was Jowered with a
decrease in the degree of crystallinity of the MCC samples.
A eckel plot analysis swas performed in order to obtain
information regarding the rolls of the crystalline region
and the amorphous region in MCC to the crushing strength
of tablets. A Heckel plot-analysis is often applicd te evaluate
the compactability of MCC with differcot bland-names.
However, to the authors’ knowledge, no report has peen
published to estimate the compaclability of ground MCC
using a Heckel plot.

Table 2 shows the results of caleulation of the paramcters.
The B value mainly expresses the magpitude of fracture of
the particles caused after densification by movement and
reorientation of particles, and yield pressure (1/K in the
ieckel equation) is mainly related to the plastic deforma-
tion of particles during compression. It was found that these
values were lowered as the degree of crystallinity of MCC
became smaller. The results suggested that the crystalline
region and the amorphous region in the MCOC particles may
be fractured and deformed plastically during compression,
respectively. The rcason why compression cuergy was pro;
portional 1o the degree of crystallinity as shown in Fig. 3
was considered as follows: the crystalline region with a hard

Table 2

Results of Heckel ptol analysis of MCC with various degrees of crystul-
linity

Dogree of B Yield
crystallinity {%) pressure {MPa)®
.MCC

655 0.1415 232.0

R-MCC

546 0.0859 1941

482 0.0811 191.8

376 0.0751 1784

258 0.0697 174.0

121 0.0653 148.5

*Difference between the relative density at the point where measurable
force was epplied and the relative density caleulated from the jntercept
of the Heckel plot linear portion.

®The reciprocal of the slope i Heckel plot linear postion which would
reficet plasticity of the sample.

structure required considerable encrgy to be fractured; how-
ever, the amorphous region with a soft stucture required
relatively small eperpy compared to crystalline repion,
becausc it only deformed plastically. Table 3 shows the
crushing strength of tablets compressed at 155.6 MPz, it
was recognized that the crushing streogth reduced as the
decreasing the degree of crystallinity of MCC, Tig. 4
shows the relationship between compression coergy and
the crushing strength of tablets. The crushing strength of
tablets was almost proportional to the compression cnergy,
These results suggest that compression encrgy may mainly
consume to fracture the crystal region in MCC, and that
fractured crystal region may contribute to increasce the
crushing strength of tablets. la addition, MCC might be
collapsed by strong impact of a rod during pulvenization.
Therefore, the number of contact points among R-MCC
particles each other in a tablet may decreasce with pulveriza-
tion time. As the results of this, the decrease in crushing
strength of R-MCC tablets may be observed.
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Fig. 3. Effect of crystallinity on compression encrgry and siress leansmis-
sion of MCC, (O), (#): I'MCC; {03), (): R-MCC.
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Table 3

Crushing strength of 1ablets compressed at 155.6 MPa

Degree of crystallinity Crushing strength

of MCC (%) {kg/mm?)
LMCC

65.5 0.44
R-MCC

s 0.34

48,2 0.32

176 0.28
258 0.23

12,1 022

In previous stdies [5,9], the characteristics of MCC were
comparcd among different brand-named MCCs. However,
the effect of the degree of erystallinity of MCC on the
compactability could not be detected clearly, becanse the
differences of the degree of crystallinity among various
brand-named MCCs were very small. In our study, the rela-
tionship between the degree of crystallinity of MCC and the
compactability could be clarificd by changing the degree of
crystallinity in wide range for the same brand-named MCC.
Duberg and Nystrém investigated the effect of the particle
size of on the characlerization of a Heckel plot using scveral
numbers of excipicats sieved to a small and a large fraction
{14]. They reporied that the difference in parameters of a
Heckel plot between a small fraction aod a large fraction of
excipicnts was scarcely observed. These results in their
study supported that the difference in parameters of Heckel
plot among MCC samples may he mainly caused by the
difference of degree of crystallinity rather than that of the
particle size.

3.3. Effect of crystallinity on dissolution of tablets

Fig. 5 shows the dissolution profiles of MCC tablets coo-
ining acetaminophen.
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Fig. 4. The relationship between compression energy and the crushing
strength of tzblets,
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Fig. 5. Dissolution profiles of acetaminophes from tabiets containing MCC
with various degrees of crystallinity, Crystallinity of MCC io tablets: I-
MCC: {O), 65.5%; R-MCC: (@), 54.6%; (), 48.2%; (W), 37.6%; (A),
15.8%; (4}, 12.1%.

_ Disintegration was not observed in each tablet except for
the -MCC tablet during the dissolution test, though the
tablets containing R-MCC exhibited swelling.

The dissolution rate was decreased as the degree of crys-
tallinity decreased from 65.5 to 37.6%. However, the dis-
solution rateg for tablets with a low degree of crystallinity
from 25.8 1o 12.1% markedly increased. Similarly, the
amount of water absorbed into the tablets and the swelling
ratio of the tablets changed with the degree of crystallinity
of MCC as shown in Fig. 6.

The crushing strength of a tablet decrcased with the
reduction of the degree of erystallinity of MCC as shown
i Table 3. In general, the crushing strength of a tablet is
closely in correlated with the dissolution rate. The dissolu-
fion lests, therefore, werc performed for tablets whose
«crushing strength was adjusted within the range from 0.27
kg/mm? t0 0.32 kg/mm?® as shown in Table 4. The compres-
sion force was sct at 77.8 MPa for I-MCC, 155.6 MPa for R-
MCC ground for 5 min and 233.4 MPa for R-MCC ground
for 20 min, respectively. Fig. 7 shows the dissolution pro-
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Fig. 6. Effect of crystaliinity of MCC on the amount of water uptake zud
wwelling ratia of MCC tablets. (= ), (*): I-MCC; (). (M): R-MCC.
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Table 4

Crushing strength of tablets compressed at various compression [orce

Degree of erystallinity Compression Crushing strength
of MCC (%) force (MPa) (kg/mm?)

-MCC

655 7.8 0.30

R-MCC

48.2 155.6 032

258 2334 0.27

files for tablets with equivalent crushing strength. The order
of the dissolution rates among these tabiets was the same as
Fig. 5, i.e. R-MCC ground for 20 min > I-MCC > R-MCC
ground for 5 min. o

The dissolution testing for tablets made of I-MCC whs
carried out to evalvate the effect of the particle size of MGC
on the dissolution rate. Although the degree of crystallinity
of I-MCC and I-MCC were alinost equal cach other, the
particle size of J-MCC was apparently smallcr than that of
I-MCC. Compression force at 50.6 MPa was applicd to
prepare J-MCC tablets io order to adjust its crushing
strength to I-MCC tablets compressed at 155.6 MPa,
because the tablet hardness will often affect the dissolution
rate. Fig. 8 shows the result of dissolution test. The dissolu-
tion profiles of these tablets were almost the same.

These results suggest that the dissolution rate of acclami-
nophen from MCC tablets depend upon the crystallinity of
MCC, and that it is not affected by the particle size of MCC.

As is evident from the results, the degree of crystallinity
of MCC may become a dominant factor in controlling the
dissolution rate of directly compressed tablets including
MCC. We should, therefore, pay attention to the degrec of
crystallinity of MCC duriog pulverization process, because

it may affect the dissolution properties of tablets. chg';?i;:,r_;; .

drug dissolution rate from the MCC tablet did pot linézsly
changed with the degree of crystallinity of MCC. Further
studies will be required to clarify this phenomenon.  *'1%
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Fig. 7. Dissolution profiles for acctamivophen tablets with a equi;\f_n;i;.'ﬁi.:'f N
crushing strength. Crystallinity of MCC in tablets: I-MCC: (O), 63.5%¢R! -
MCC; (K1), 48.2%; (A), 25.8%. _—
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Fig. 8. Dissolution profiles for acetaminophen tablets consist of MCC put-

verized with a vibrational rod mill or a Jet mill. (O), R-MCC; (@), J-MCC,
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MATERIAL SAFETY DATA SHEET

Avicel® PH Microcrystalline Cellulosc

MSDS Ref. No.: 9004-34-6

FMC Biopolymer Date Approvcd:. (.)1/3112008

Revision No.: 9

This document has been prepared to meet the requirements of the U.S. OSHA Hazard Communication
Standard, 29 CFR 1916.1200 and Canada’s Workplace Hazardous Materials Information System {(WHMIS)
requirements.

1. PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: Avicel® PH Microérystalline Cellulose
CHEMICAL FAMILY: Carbohydrate
SYNONYMS: Microcrystalline ceflulose (INCI name): MCC, ceilulose gel

ALTERNATE PRODUCT NAME(S): Avicel PH 101, 102, 103, 105, 112, 200, 113, 301, 302, 2001.M

MANUFACTURER EMERGENCY TELEPHONE NUMBERS
FMC BicPalymer (302) 451-0100 (FMC Plant - Newark, Delaware)
1735 Market Strect .
Philadclphia, PA 19103 (303} 595-9048 (Medical - U.S. - Call Collect)
(800) 526-3649 (General Information)
msdsinfo@fmc.com (Email - General Information) . e
For leak, fire, spill, or accident emergencies, call:
FMC Europe NV (800) 424.9300 (CHEMTREC - U.S.A. & Canada)
Avenve Mounier 83 (703) 527-3887 (CHEMTREC - Collect - All Other Countries)

1200 Brussels, Belgium
353 21 435 4133 (General Information - Cork,
Ircland)

2. HAZARDS IDENTIFICATION
EMERGENCY OVERVIEW:

White free-flowing, odorless powder.

s Powder becomes slippery when wet.

»  Accumulation of overhead settled dust may form explosive concentrations in air when disturbed and
dispersed.

POTENTIAL HEALTH EFFECTS: No significant health hazard expected.
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Avieel® PH Microcrystalline Celtulose (9004-34-6)

ADDITIONAT EXPOSURE LIMITS:

MCC:

Australia (TWA) 10 mgfm?

Belgium (TWA) 10 mg/m’ (inhalable dust)
China (STEL): 25 mg/m®

China (TWA): 10 mg/m?

Hong Kong (TWA): 10 mg/m?

Ireland (TWA): 10 mg/m? (inhalable dust}
Korca (TWA): 10 mg/m?3

Date: 01/31/2008

New Zealand (TWA): 10 mg/m3 (respirable dust with no asbestos and less than 1% free silica)

Singapore (PEL): 10 mg/m?
Switzerland (TWA): 3 mg/m? (respirable dust)
United Kingdom (STEL}): 10 mg/m? (total inhalable dust)

United Kingdom (TWA): 10 mg/m?® {total inhalable dust); 4 mg/m? (respirabte dust)

ODOR: Odorless

APPEARANCE: Whitc, frc&:-ﬂawing powder
AUTOIGNITION TEMPERATURE: Not applicable

BOILING POINT: Not applicable
COEFFICIENT OF OIL/ WATER: {Kow) Not applicable

EVAPORATION RATE:

9. PHYSICAL AND CHEMICAL PROPERTIES

{Butyl acetate = 1) Not applicable

FLASH POINT: Not applicable

MELTING POINT: Not applicable

OXIDIZING PROPERTIES: Nat applicable

PERCENT VOLATILE: Typically 1 - 5 % water, by weight

pH: (In solution) 5.0 - 7.0 (11 % solids dispersion)
SOLUBILITY IN WATER: (% by wcight) Insoluble

SPECIFIC GRAVITY: (H,0'= 1) Buik density, 0.2 - 0.5 g/cc
VAPOR DENSITY: {Air = 1) Not applicable

VAPOR PRESSURE: Not appticable

COMMENTS:

EXPLOSIVE PROPERTIES: Microcrystalline cellulose: St-1
MINIMUM IGNITION TEMPERATURE: Microcrystalline cellulose: 420°C
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