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SUPLRINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

Re:  Expediente No. 09-000,752
Solicitud de patente de invencién titulada: “COMPOSICION FARMACEUTICA
QUE CONTIENE UN ACIDO TETRAHIDROFOLICO”
Solicitante: BAYER SCHERING PHARMA AKTIENGESELLSCHAFT
Nuestra Ref.: P2008/000245 |

RESPUESTA A LA QPOSICION NOTIFICADA MEDIANTE OFICIO No. 11434
POR FLJACION EN LISTA No. 276 DE FECHA 22 DE JULIO DE 2011

Yo, CARLOS R. OLARTE, mayor dc¢ cdad y vcgiqo_ dc Bogota, D.C., identificado tal como
aparcce al pie de mu firma, reasumiendo ¢l poder a mi conferido por la sociedad Bayer Schering
Pharma Aktiengesellschafi, me permito manifestar lo siguiente, dentro del plazo legal de
prorroga previsto cu el articulo 43 de la Decision 486, ante la oposicion interpuesta por el Doctor

Tito Noc Parra, actuando como apoderado de la sociedad LAFRANCOL S.A.:

I Iin primer lugar, me permito resallar que, como parte de la respuesta a la Oposicidn
interpuesta por TECNOQUIMICAS S.A. (notificada mediante el Oficio No. 11436), en este

mismo cxpedicnte, presenté un Capitulo Reivindicatorio Modificado que reemplaza en su

totalidad al Capitulo Reivindicatorio Modiftcado de fecha 20 de septiembre de 2010, en el que se
limitd la Reivindicacion | a una composicién que contiene i) una sal farmacéuticamente
accptable del acido  5-metinl-(6S)-tetrahidrofolico, vy ii) granulos que comprenden un

progestageno, un estrogeno y celulosa microcristalina.
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Adicionalmente, 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, y se introdujo 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

Reivindicacién 1.

Valga anotar que las modificaciones efectuadas al Capitulo Reivindicatorio cumplen a cabalidad
con lo estipulado en el Articulo 34 de la Decisién 486, ya que éstas de ninguna manera implican
una ampliacion de la proteccidn correspondiente a la divulgacién 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 presente invencién carece de novedad y nivel
inventivo, puesto que las composiciones y combinaciones que comprenden un progestagenos,
estrégenos y un acido tetrahidrofdlico, ya eran conocidas en el estado del arte. El Opositor anota
que el norgestrel, dienogest, ciproterona, estradiol y drospirenona son moléculas conocidas y
reveladas por ejemplo en el Index Merck y diferentes patentes (BE623844 y US3959322 para el
norgestrel; DE2718872 y US4167517 para dienogest; DE118991 y US3234093 para ciproterona;
US2096744 para estradiol, y DE2652761y US4129564 para la drospirenona). El Opositor
concluye que no es posible conceder el beneficio de patente a formulaciones que contienen

moléculas conocidas en el arte previo.

Adicionalmente, el Opositor sefiala que se pretende reivindicar materia no patentable,

especificamente métodos de tratamiento.

b- i) Con el fin de dar mayor claridad a la materia reivindicada, 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 4cido 5-metil-
(68)-tetrahidrofdlico, sensible a la humedad, asi como explicar la esencia del invento y 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 dosificacién oral y sélida debe tener en

cuenta ciertas consideraciones. Por ejemplo, e! formulador debera concentrar su atencién en

desarrollar una forma de dosificacién que i) proporcione una dosis exacta, efectiva y segura
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del/los principio/s activo/s, y ii) mantenga la estabilidad dei/los principio/s activo/s durante la
manufacturacion, el almacenamiento y la administracién (es decir, hasta que el principio activo
alcance el sitio de absorcion en el intestino delgado). En el presente caso, el formulador debi6

tener en cuenta diversos aspectos:

A) En primer lugar, la sal del acido 5-metil-(6S)-tetrahidrofélico es sensibie a la
humedad, al aire y a la tensién mecanica. Por tal motivo, la sal del 4cido S-metil-(6S)-
tetrahidrof6lico suele ser considerada demasiado sensible como para soportar las condiciones

usualmente empleadas, por ejemplo, en un proceso de granulacion himeda.

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
dosificacién permita una liberacion suficientemente rapida de estas hormonas a fin de asegurar
una biodisponibilidad suficientemente alta (y, por ende, una seguridad anticonceptiva alta). En la
patente EP1214076 (ver Anexo 1) se demostr6 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 opcion del formulador seria preparar la forma de dosificaciéon

oral y sélida por compresion directa.

Al seleccionar la compresion directa en lugar de la granulacién seguida de la compresién, se
evitarian los problemas de inestabilidad de la sal del 4cido 5-metil-(6S)-tetrahidrofélico que el
formulador supone que ocurririan si dicho compuesto fuera sometido a un proceso de
granulacion. Ademds, el proceso de compresién directa contempla menos pasos o etapas y es

mds econémico que el proceso de granulacion seguido de la compresién.

Asimismo, es sabido que, en lineas generales, una sustancia activa se libera més répidamente y
mdés facilmente a partir de una forma de dosificacion oral y solida, tal como un comprimido, que
ha sido preparada por compresién directa que a partir de un comprimido preparado por
granulacion y luego por compresion. 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).
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Ademas, el técnico en la materia elegiria la celulosa microcristalina como excipiente principal

para la preparacion de una forma de dosificacion oral y s6lida por compresién directa.

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 los procesos de

compresién_directa (sin embargo, dicha publicacién no ensefia nada respecto del empleo de la

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

mecdanicas (fluidez y compactabilidad).

En la publicacién de Suzuki et al. se investiga el efecto de la cristalinidad de la celuiosa
microcristalina sobre, entre otras cosas, Ia disolucién. De esta publicacion se desprende -como
era de esperarse- que la compresion directa de tabletas que contienen Avicel®PHI01 sin tratar

produce una liberacion rapida 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 compresién directa”.

En resumen, el técnico en la materia que pretende formular una forma de dosificacién oral y
solida que contiene un férmaco inestable, tal como una sal del 4cido 5-metil-(6S)-
tetrahidrofélico, y hormonas sexuales poco solubles que deben ser liberadas inmediatamente a
partir de la forma de dosificacion, habria contemplado, como primera opcién, 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 se indica en el mismo ejemplo, esta tableta exhibid una estabilidad satisfactoria respecto
del acido 5-metil-(68)-tetrahidrofélico durante el ensayo en condiciones aceleradas de

almacenamiento,
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Sin embargo, los inventores descubrieron con sorpresa que la disolucién de la drospirenona a
partir de tales tabletas era lenta e 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
acido 5-metil-(68S)-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 invencion 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 liberacidn rdpida y satisfactoria de la drospirenona a pesar de su intento de
incluir un cierto niimero de excipientes adicionales tales como lactosa monohidrato, polvo de

¢celulosa, y una combinacién de celulosa microcristalina y lactosa monohidrato.

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

microcristalina.

Esta decisién no era para nada convencional pues, ademds de emplear un proceso de
manufacturacion méds complicado y mas costoso donde la sal del 4cido 5-metil-(6S)-
tetrahidrofélico era agregada al final del proceso de granulacién, contradecia las ensefianzas del

arte previo.

Tal como se discutié mds arriba, y tal como se desprende de las ensefianzas de Remington, las
tabletas (o comprimidos) preparadas a partir de granulos suelen liberar el principio activo en
forma mas lenta que las tabletas 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) més
elegidos para el proceso de compresién directa. Sin embargo, ningtin documento del arte previo,
incluyendo el articulo de Suzuki et al., se refiere a la celulosa microcristalina como “relleno de
eleccion” en relacion con la granulacion. De hecho, el tnico 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 relacién con la granulacion himeda a fin de

reducir la cementacion (case-hardening) y el moteado de tabletas. Sin embargo, Remington no
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hace referencia alguna respecto de la capacidad de la celulosa microcristalina de proporcionar

una liberacion rapida y suficiente del farmaco activo.

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 dosificacion oral y s6lida 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 ensefianzas del arte previo y no sélo decidieron
manufacturar la forma de dosificacion oral y sélida por granulacién, 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)-

tetrahidrofolico y_simultdneamente exhibieron una liberacién suficientemente rapida de la
drospirenona (vease 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.

i) Habiendo explicado la invencién aqui reivindicada, en primer lugar, me
permito sefialar que al parecer, el Opositor pas6 por alto el Capitulo Reivindicatorio Modificado
radicado el 16 de diciembre de 2009, en donde, dentro de otras limitaciones, se eliminaron las
Reivindicaciones 36 a 39 y 48 a 53 dirigidas a usos y métodos de tratamiento, y las cuales

tampoco se encuentran en el Capitulo Reivindicatorio Modificado adjunto.
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Ahora bien, el Opositor se refiere a extractos de “The Merck Index™ y considera que al menos
uno de los componentes hormonales del presente invento no es novedoso {en forma aislada)
frente a lo divulgado en estos extractos. En vista de la explicacién de! fundamento del invento
proporcionada mas arriba, me permito simplemente aclarar que la nueva Reivindicacién 1
divulga una combinacién novedosa de una sal de un 4cido tetrahidrofdlico especifico y granulos
que comprenden un progestageno, un estrégeno y celulosa microcristalina. En las paginas del
“Merck Index” que presenta el oponente no se describe tal composicién. Por consiguiente, el

presente mvento es claramente novedoso frente a la evidencia presentada por el oponente.

En vista de los argumentos presentados cabe concluir que las nuevas reivindicaciones que se

acompafian junto con el presente escrito son novedosas e inventivas frente a las ensefianzas del

arte previo citado por los oponentes.

3. 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

Anexos:
- 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”
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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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Description
FIELD OF THE INVENTION

* {0001] The presentinvention relates 10 a phamaceu-
lical composition comprising drospircnone and- ethi-
nylesiradiol, & method of providing dissolution of dros-
pirenane, methods of inhibiting ovulation by administra-
tion of drespirenene and the use of drospirenone and
ethinylestradiol lor inhibiling ovulation.

BACKGROUND OF THE INVENTION

[0002] Oral contraceptives containing a combination.

of a gestagen and an estrogen component have been
used since the 1960's. The earliest contraceptive prep-
arations consisted of 21 tablels containing the combina-

10

tion of active agents and 7 tablets containing no active -

agent, 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 tablets containing different amounts and ra-

20

lies of the active agents over the cycle of administration. =~

(the so-called multiple-phase preparations).

[0003] Contraceptive reliability is mainly provided by
the gestagen componenl. The daily desage should be
at least the minimum of what is needed {or the gestagen
in"guestion to inhibit ovulation effectively. The estrogen
component acts to increase the ovulation inhibitory of-
fect of gestagen and to cnsure cycle stability. Since the
intreduclion of crat contraceplives, the daily dosage of

gestagen has becn reduced through the development

of new and more eflicicnt gestagens than were present
.n the carlier contraceptive preparations. It has also
" been possible to reduce the daily desage of estrogen.
[0004] &f,78; 150, 16P-dimethylene-3-oxo-17a-
pregn-4-ene-21,17-carbolactone  {drospirenane) is

known from DE 26 52 761 in which its usc as a diuretic .

compound is disclosed.

[0005] In DE 30 22 337, the gestagen-like actlvity of
the campound and its consequent utility as a coniracep-
tive agent is deseribed at dosage levels of 0.5-50 mg of
drospirenone per day. It is also neted that the mecha-
nism of actien of the compaund is very similar to that of
the natural corpus luteumn hormone progesterone, and
that it does not give rise Lo increased blood pressurc for
which reasen it may be administrated to women who
have or are al rigk of develeping increased bloed pres-
sure. 1§ further described that drospircnone may be
administcred together with ethinylestradiol in an amount
of 0.03-0.05 mg per day.

'[0006] - DE 30 51 166 discioscs the use of the dros-
'p|r'enone for the treatment of gynaccologica! irregulari-
'tlcs andfor contraception at a dosagce level of 0 5-50mg

- K‘-pcrddy

[0007] EP 388 460 discloses the use of drospirenone
tor the treatment of androgen-induced disorders, aldos-
terone-induced diserders and hormonal iregularitics &s

25

30

35

LA

45

50

55

well as for conlraception al dosage levels of 6.5-50 mg,
preferably 1-10 mg per day. Ethinylestradiol may be co-
administered at a level of 0.02-0.04 mg per day,

{o0os) . S 5,756,490 discloses 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 estrogen alane. Dro-
spirenone is mentioned as 4 possible, but not preferred,
gestagenic cempound and ethinylestradiol is mentioned
as a nossible, but not preferred, estrogenic compound.
[6009] Micronised particles are disclosed in Bauer
KH, Frémming KH and Fihrer C (Pharmazeutische

: .Technologie; 4. Aufl; Thieme, Stuttgart/New York;
1993).

SUMMARY OF THE INVENTION

[0010] Inthecourse of research leading tothe present
invention, it has surprisingly been found that a hitherto
urdisciosed minimum dosage leve) of drospirenone is
required for reliable contraceptive activity. Simitarly, a
preferiod maximum dosage has been identified at which

‘ uhp!oe.-,am side effects, in particular excessive diuresis,
-may %ihstantially be avoided.

16013} Accordingly, in a first aspect, the present in-

ventien relates to a pharmaceutical composition com-

prising, as & tirst active agent, 6,7p; 150, 16(-dimethyl-
ene-3-axo-17a-pregn-4-ene-21,17-carbolactone {dros-
pirarone) inan amount corresponding to a daily dosage,
on‘administration of the composition, of from about 2 mg
to about 4 mg, and, as a second active agent, 1 7o.-¢thi-
nylestradiot {ethinylestradial} in an amount correspond-
ing to a daity dosage of from about 0.01 mg 1o about
0.05 my, together with one or more phamaceutically ac-
ceptable carricrs or excipients,

[d012] Apart form the active substances themselves,
it is envisaged that an ester or prodrug of drospirenone
may be employed in the present composition, e.g. an
\oxwmmopregnane carbolactone as disclosed in WO

1G8f2d801 Likewise, it is envisaged that eslers or ethers

of eil |'rsyiestrad|o| may be included in the composition.
[0(31 517 In a further aspeet, the invention relates to a
wd of'inhibiting ovulation in 2 mammal, in particular
A ian, comprising administering, to said mammal,
drospirenone in an ameunt in the range of from about 2
mg to about 4 mg of per day, together with cthinylestra-
diol in an amount of from about 0.01 mg to about 0.05
mGier day, said amounts being effective to inhibit ovu-
lation in said mammat,

[0014] In a still further aspect, the invention relates to
the use of drospirenone combined with ethinylestradicl
for preparing a pharmaceutical preparation for the inhi-
bition of ovulation in a mammal, in particular a human,
the compesilion comprising an amount of drospirenone
corresponding to a daily dosage, on administration of
‘the composition, of from about 2 mg to about 4 mg, and
‘cormprising an amount of ethinylestradiol correspanding

td'a daily dosage, on administration of the composltion,
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of from about 0.01 to abeut 0.05 mg.
BRIEF DESCRIPTION OF THE DRAWINGS -

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

Fig. 1 is a graph showing the in vitro dissolution rate
of drospirenone from tablet cores, V1-V7 being
batches containing micronized drospirenone, and
V8 being a batch containing macrocrystalline dros-
pirenane;

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

Fig. 3 is a graph showing the in vitro dissolution rate
of drospirenone from film-coated tablets, different
lines representing different test batches; g
Fig. 4 is a graph showing the in vitre dissolution.ae
of ethinylesiradiol from tablct cores, different imes
representing different test batches; and

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

DETAILED DISCLOSURE OF THE INVENTION

[0016] Drospircnone, which may be prepared sub-
stantially as described in, e.g.,, US 4,129,564 or WO
9B/0B738, is a sparingly soluble substance in water and
agqueous buffers at various pH values. Furthermore, dro-
spirenongis rearranged 1o an inactive isomer under acid
conditions and hydralysed under afkaline conditions. To
cnsure good bicavailability of the compound, it is there-
fore advantagecusly provided in a formn that promsias
rapid dissolution thereof. ’

[0017] It has surprisingly been found that when dros-
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pirencne is provided in micronized form (so that parti- ..

cles of the active substance have a surface area of more
than 10,000 cm?g, and the following particle size distri-
butien as determined under the microscope: not more
than 2 parlicles in a given batch with a diameler of more
than 30 um, and preferably < 20 particles with a diameter
of = 10 um and € 30 um) in a pharmaceutical composi-
tion, rapid dissolution of the active compound from the
composition occurs in vitro ("rapid dissolution” is defined
as the dissolution of at loast 70% over about 30 minutes,
in particular at least 80% aver aboul 20 minutes, of dro-
spirenone from a tablet preparation containing 3 mg of
drosgirenonc in 900 mi of water at 37°C determined by
the USP XXl Paddie Method using a USP dissolution
test apparatus 2 at 50 rpm). Instead of providing the dro-
spirenone in micronized form, it is possible 1o disseive

it in a suitable solvent, &.9. methanol or ethyl aceizie,”
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and spray il onto the surface of inerl carrier particles fol-
lowed by incorporation of the particles containing dros-
pircnone on their surface in the composition.

{0018] Without wishing to be limited to any particular
theory, it appears that the in vitro dissclution rate of dro-
spirenone is connecled to the dissolution rate in vive re-
sulting in rapid absorption of drospirencne in vivo on oral
administration of the compound. This is an advantage
because ispmerization of the compound in the gastric
cnvirenment and/or hydrelysis in the intestine is sub-
stantially reduced, leading to a high bicavailability of the
compound.

{0019} With respecl to ethinylestradicl which is also &
sparingly seluble substance, though loss sensitive to
degradation than drespirenonc under conditions pre-
vailing in the gastrointestinal tract, 1t Is alse an advan-
iage 1o provide il in micronized form or sprayed from &
solutien, e.g. in ethanal, onto tho surface of inert carrier
particles. This has the added advantage of facilitating a
more homogeneus disiribution of the ethinylestradiol
throughout the composition which might otherwise be
difficult to obtain because ethinylestradiol is incorporat-
ed in extremely small amounts. When ethinylestradiol is
provided in micrenized form, it preferably has the follow-
ing particle sizc distribution as determined under the mi-
croscope: 100% of the particles have a diameler of <
15.0 pm, 99% of the particles have a diameter of <
12.5um, 95% of the particles have a diameterof £10.0
wm, and 50% of the particles have a diameter of < 3.0
uwm. Furthermeore, no particle is larger than 20 pm, and
<10 particles have a diamoter of 2 15 ym and £ 20 pm.
[0020] To obtain a more rapid rate of dissolution, il is
preferred to include carriers or excipients which act to
promole dissolution of both active substances. Exam-
ples of such carriers and excipients include subsiances
that are readily soluble in water such as cellulese deriv-
atives, carboxymethyleellulose, hydroxypropyl cellu-
lose, hydroxypropylmethyl ceilulose, gelled starch, gel-
atin or polyvinylpyrrolidone. In particular, it appears as
though polyvinylpyrrolidone mighi be particularly helpiul
to premote disselution.

[0021] The composilion of the invention preferably
camprises drospirenone in an amount corresponding to
a daily dosage of from about 2.5 mg to about 3.5 mg, in
panicular about 3 mg, The amount of ethinylestradiol
preferably carresponds 1o a daily dosage of from about
0.015 mg to about 0.04 mg, in parlicular from about
0.015 mg to about 0.03 mg. More particularly, the
present composilion cemprises an amount of dros-
pirenone corresponding to a daily dosage of from abouwt
3.0 te about 3.5 mg and cthinylostradiot in an amaount
corresponding to from about 0.015 to about 0.03 mg.
[0022] Apart from its ability to inhibit ovulation, the
composition of the invention has been found to possess
proncunced anti-androgenic properties and may there-
fore be used inthe prevention ortreatment of androgen-
induced disorders, in particular acne, Such use may be

" independent from or concomitant with the use as a con-
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traceplive disciosed above. Furtharmore, since dros-
pirenone is an aldosterone antagonist, it has diuretic
propertics and is therefore suitable for ceunteracting the
waler-relentive properiies of ethinylestradiol.

{0023] in a particutar cmbodiment, the invention re-
lates 10 a pharmaceutical preparation consisting of a
number of separately packaged and individually rerov-
able daily deszge units placed in a packaging unit and
intended for oral adminisication for a perlod of at least
21 consecutive days, wherein each of said daily dosage
units comprises a combination of drospirenone in an
amount of from about 2 mg to about 4 mg and cthi-
nylcstradiol in an amount from about 0.01 to abaut 0.05
mg.

[0024] in one embodiment, the preparation further
comprises 7 or less said daily dosage units containing
ne active agent, Alternatively, it is possible o include, in
the dosage regimen, a peried of 7 days or less during
which no dosage units are ingested, For compliance
reasons, however, it may be preferred to include an ap-
propriale number of blanks in the preparation, in which
casc the tolal number of daily desage units in the prep-
aration is at lcast 28. The inclusion of blanks, or the pill-
Irce days, will then trigger withdrawal bleeding.

[0025] The preparation may be a one-phase compo-
silion, i.c. & preparation whercin the amounts of cither
aclive agent rermains constant for the entire at least
21-day period, or the amounts of either or both active
agenis may be varicd over the ai least 21-day period te
generate a multiple-phase preparation, e.9. a two- or
three-phase preparation, substantially as disclosed in,
e.g., EP 148 724. In case of multiple-phasc preparation,
itmay be possible to include a natural estrogen such as
estradiol, o.g. in an amount of from about 0.5 mg to
about 4 mg per day, instead of cthinylestradiol.

[0026] In suitable embodiments of the present prepa-
ration, the number of daily dosage units comprising the
combination of drospirenone and ethinylestradiol may
be 21, 22, 23 or 24, and the number of daily dosage
unils conlaining ne active agent may then be 7, 6, 5 or
4, as the case may be. In a further embodiment of the
present preparaticn, the number of daily dosage units
comprising the combinalion of drospirenonc and ethi-
nylestradial is 28, or a multiple of 28 such as 2-4, in par-
ticular 2 or 3, times 28.

[0027] Inanalicrnative embadiment, the invention re-
lates to a contraceptive preparation censisting of a
number of separately packaged and individually remov-
able daily dosage units placed in a packaging unit and
intended for oral administration for a period of at least
28 consccutive days, wherein at least 21 of said daily
dosage units comprises a cembination of drospirencne
in an amount of from about 2 mg te abeout 4 mg and ethi-
nylestradiol in an amount from about 0.61 to about 0.05
mg, and whercin 7 ar less of said daily dosage units con-
lain ethinylestradio! alone in an amount from about 0.01
to about 0.05 mg.

[0028] By including an appropriale number of dosage
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unitscpmprising ethinylestradiol alone, high contracep-
tive: raliability, low follicutar development and satisfacte-
ty cyafe control with Sittle or ne intermenstrual bleeding
may be obtained.

[0029] In this case, too, the preparation may be one
in which the amounts of sither active agent remains con-
slant for the entire at least 21-day period {i.e. a two-
phase preparation), or the amounts of either or both ac-
live agents may be varied over the al least 21-day period
to generate a multiple-phase preparation, e.g. a three-
or four-phase preparation, it substantially as disclosed
in, e.9., EP 148 724. In case of multiple-phase prepara-
tion, it may be possible to include a natural estrogen
such as estradiel, e.g. in an amount of from about 0,56
mg to about 4 mg per day, instead of ethinylestradiol.
[0030] In suitable embodiments of the present prepa-
ratien, the number of daily dosage units comprising the
combination of drospirenone and ethinylestradiol may
be 24. 22, 23 or 24, and the number of daily dosage
unite 2untaining ethinylestradiol alone may then be 7.6,
5 or'4%s the case may be.

{003%; in onc embodiment of the prosent method of
inhibiting ovulation, the method comprises administer-
ing, to said mamrmal, on each day of at least 21 consec-
utive days, a dzily dosage unit comprising a combination
of*draspirenone in an amount of from about 2 mg te
about 4 mg and ethinylestradiol in an amount from about
0.01-to aboul 0.05 my, tollowed by administering, on
cach day of 7 or less consecutive days, a daily dosage
unit contatning no active agent, or altematively, admin-
istering no desage units for 7 days or fess,

[0032] In suitable embodiments of this method, the
daily dosage units comprising the combination of dros-
pirenone and ethinylestradiol may be administered for
21,22, 23 or 24 consecutive days, and the daily dosage
anils containing no active agent may then be adminis-
tered for 7, 6, 5 or 4 consecutive days, as appropriate.
Furthcrmore, the daily dosage units comprising the
c;o':‘rz‘t?‘?afion of drospirenone and ethinylestradiol may
he zdrnistered for 28 consecutive days. [n a variant of
this < abodiment, the daily dosage units comprising the
cambination of drospirenone and cthinylestradiol are
administered for 2-4, preferably 2 or 3, times 28 consec-
utive days, followed by administration of the daily dos-
ageunits comprising the combination of drospirenonc
and 'ethinylcstradiol for 21, 22, 23 or 24 consecutive
days and subsequently administration of the daily dos-
age units centaining no active agent, or administration
of no dailly dosage units, for 7, 6, 5 or 4 consecutive
days.

[0033] Alternatively, the present method comprises
administering, on each day of at leasl 21 consecutive
days, a daily dosage unii comprising a combination of
drospirenone in an amount of from about 2 mg to about
4 mg'and cthinylestradiol in an amount from about ¢.01

‘1o about 0.05 mg, followed by administering, on each

day‘f lc,;j‘_ 7 or less consecutive days, a daily dosage unit
cori - wing cthinylestradiol afone in an amount of from
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about 0.01 mg lo about 0.056 mg.

[0034] In this alternative method, the daily dosage
units cemprising the combination of drospirenone &’ ¢
ethinylestradiol may suitably be administered for 21, -2,
23 or 24 consccutive days, and wherein the daily Las
age units comprising ethinylestradiol alonc may ther b2
edministered for 7, 6, 5 or 4 consecutive days, as ap-
propriate. in a further embodiment of the method, the
daily dosage units cemprising the combination of dros-
pirenone and cthinylestradiol are administered for 2-4,
preferably 2 or 3, times 28 consecutive days, followed
by administration of the daily dosage units comprising
the combination of drospirencne and ethinylestradiol for
21 consecutive days and subscquently administration
of the daily desage units comprising ethinylestradiol
alone for 7 consecutive days.

[0035] For use according te the invention, the phar-
maceutical preparation may suitably be in the form of a
number of separately packaged and individualy remov-
abie daily dosage units placed in a packaging unit and
intended for oral administretion for & period of at leas!

21 conseculive days, wherein each of said daily dosinie’

units each cemprises a combinalion of drospireno:.in
an amount of from about 2 mg to about 4 mg and cthi-
nylestradiol in an amount from aboui 0,01 to about 0.05
mg.

[0036] As indicated above, the preparation may fur-
ther comprise 7 or lcss daily dosage units containing no
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) Altematively, the pharmaceutical preparation
may be in the form of & number of separately packaged
and individuafty removable daily dosage units placed in
a packaging unit and intended {or oral administsation for
aperiod of atleast 28 consecutive days, wherein atleast
21 of said daily dosage units cach comprises a combi-
nation of drospirenone in an amount of from about 2 mg
to aboui 4 mg and ethinylestradiol in an amount of itom
about 0.0110 about 0.05 mg, said packaging unit fufxar
comprising 7 or less daily dosage units comprising athi-
nylestradiol alone in an amount of from about 0.01 mg
te about 0.05 mg.

[003B) The compaosition of the invention may be for-
mulated in any manner known in the pharmaceutical art,
In particular, as indicated above, the composition may
be {ormulated by a method comprising providing dros-
pirenone and, if desired, ethinylestradiol in micronized
form in said unii dosage form, or sprayed from a solution
onto particles of an inert carrier in admixture with one or
more pharmaceulically acceptable excipients that pro-
mote dissolution of the drospirenone and ethinylestra-
diol s0 as to promote rapid dissolution of drospircnene
and preferably ethinylesiradicl on oral administration,
Examples of suitable excipients include fillers, e.g. sug-
ars such as lactose, glucose or sucrese, sugar alcohols
such as mannitol, sorbitot or xylitol, starch such as
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wheat, corn or polate starch, modified starch or segium
starch glycolate, lubricants such as talc, magnesium
stearate, calcium stearate, colloidal silica or stearic acid,
and binders such as polyvinylpyrrolidone, celiulose de-
rivatives, carboxymethyl cellulose, hydroxypropyl ceflu-
lose, hydroxypropylmethyl cellulose, methyl cellutose or
gelatin, for making oral dosage forms such as ablots,
pifls or capsules.

[0039] Tablelsmay conveniently be coated with a suit-
able film-forming agent, e.g. hydrexypropylimethyl cellu-
lose, hydroxypraopyl cellulose or ethyl cellulose, to which
a suitable cxcipient may optionally be added, e.g. a sof-
tener such as glycerol, propylene giycol, dicthylphtha-
late or glycerol triacetate, filler such as sucrose, sorbitol,
xylitel, glucose or factese, a colorant such as titanium
hydroxide, elc,

[0040] The present composition may alse be lormu-
lated in liguid form, e.g. as a solution, suspension or
emulsion, together with conventional dilzents or excipi-
entsinamanner known per se in the pharmaceutical art.
[0041]) A packaging unit comprising thc daily dosage
units described above may be prepared in & manner
analogous 1o thai of making other oral contraceptives.,
This may for instance be a conventional blister pack or
any other ferm known fer this purpese, for instance &
pack comprising the appropriale number of dosage
units (in this case at least 21, or Tor particular applica-
tions, 28 or a muitiple of 2B} in a sealed blister pack with
a cardboard, paperboard, foil or plastic backing and en-
closed in a suitable cover. Each blister container may
conveniently be numbered or otherwise marked, e.qg.
starting with the first of the at least 21 dosage units that
contain the combination of drospirenone and ethi-
nylestradiol, 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 {aithough
the numbering may also start with the first of the 7 or
less dosage units that only contain ethinylestradiol).
{00421 Itis also envisaged that the present comgosi-
tion may be in the form of a parenteral fermulation such
as a subcutaneous implant or transdermal formutation.
For making implants, the active agents may suitably be
formulated together with one or more polymers that are
gradually eroded or degraded when in use, e.g. silicone
pelymers; ethylene vinylacetaie, polyethylenc or poly-
propylene.

[0043] Where transdermal formulations are con-
cerned, they may be prepared in the form of matrices or
membranes or as fluid or viscous formulations in oil or
hydrogels, For transdermal patches, an adhesive which
is compatiole with the skin should be included, such as
polyacrylate, a sificone adhesive or pelyisobutylenc, as
well as afoil made of, ¢.g. polyethylene, polypropylene,
cthylene vinylacetate, pelyvinylchioride, polyvinylidena
chloride or polyester, and a romovable protective foil
made from, e.g., polyester or paper coated with silicone
or a fluoropolymer. For the preparation of transdermal
sclutiohs or gels, water or organic soivents or mixtures
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lhereol may be used. Transdermal gels may further-
more contain one or more suitable gelling agents or
thickeners such as silicone, tragacanth, starch or starch
derivatives, cellulose or cellulose derivatives or pol-
acrylic acids or derivatives thereof. Transdermal formu-
lations may also suitably contain one or mote substane-
¢s thal enhance absorption though the skin, such as bile
salls or derivatives thereof and/or phosphefipids. Sulta-
ble transdermal formulations may, for instance, be made
in a manner analogous {c that described in WO
94/04157 for 3-ketodesogestrel. Alternatively, transder-
mal farmulations may be prepared according to a meth-
od disciosed in, e.g., BW Barry, "Dematoiogical Formu-
lations, Pereutaneous Absorplion®, Marcel Dekker inc.,
New York - Basel, 1983, or YW Chicn, "Transcermal
Controlled Systemic Medications”, Marcel Dekker inc.,
New York - Basol, 1987,

[0044]) Thc present invention is further described in
the following examples.

EXPERIMENTAL
Example 1

Preparation of (ablets containing drospircnone and
cthinytestradiol

{0045] Tablet cores of the following compesition

micronized drospirenone 3.00mg
micronized ethinylestradiol 0.03 mg
lactose monchydrate 48.17 mg
com slarch 14.40 mg
modificd starch 9.60 mg
polyvinylpyrrolidone 25,000 4.00mg
magnesium stearale 0.80mg

were prepared by charging a {luidized bed granulator
with 31.68 kg corn starch, 21.12 kg modified slarch, 6,60
micronized drospirenone, 0.066 kg micronized cthi-
nylestradiol and 105.974 kg lactose monohydrate and
activating the fiuidized bed. An aqucous solution of 8.80
kg polyvinylpyrrofidone 25,000 in 46.20 kg purified water
was sprayed continuously anto the flvidized bed while
drying by heating the air stream of the fluidized bed. At
the end of the process 1.76 kg magnesium stearate was
sucked into the granulalor and mixed with the granules
by maintainingthe fluidized bed. The resulting granulate
was pressed into iablet cores by compression using a
rotary lablot press. : ‘

[0046] 2.22464 kg of hydroxypropylmethyicellulose
and 0.44528 macrogol 6000 were dissolved in 14.67 kg
purified water. 0.44528 kg tale, 1.22430 kg titanium di-
oxide and 0.06050 kg ferric oxide pigment were sus-
pended in 10.26 kg purified water with stirring and he-
mogenired. The solulion and suspension were com-
bincd and used to coat the tablet cores by continuous
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applic:'—.iiion of the coating suspension in a coater.
Example 2
Dissolution of drospirenone from tablets

[0047] The rate of dissolution of drospirenone from
the tablets prepared in Examplc 1 was determined by
the USP XXl Paddle Mothed using a USP Dissolution
Test Apparatus 2 including 6 covered glass vessels and
€ paddles. Tablets were placed in 900 ml water at atem-
perature of 37°C {+ 0.5°C) and stirred at 50 mpm. The
results appear from Figs. 1, 2 and 4. From Fig. 1, it ap-
pears that the batch numbered V8 containing macroc-
rystalline draspirenone (but atherwise identical to the
tablets orepared in Example 1} exhibited an extremely
siow.gissolution rate of drospirencne, whereas all batch-

' s rientaining micronized drospircnone exhibited a dis-

seiuticn rate of more than 70% within 30 minutes.
{0048] Fig. 2 and Fig. 4 shows the results of dissolu-
tion of drospirenone from tablet cores and film-coated
tablets, respectively. In both cases more than 70% of
the active agent is dissolved within 30 minutes. Thus,
the fiim coating did not significantly influence the rate of
disselution.

Example 3
Dissolution rate of ethinylesiradiol from tablets in vitro

{0049} The rate of dissolution of ethinylestradiol from
tabiets prepared as described in Example 1 was deter-
mined according to the USP Paddle Method as de-
scribad in Example 2 (or drospirenone. The resulls ap-
pea’ irom Figs. 3 and 5 showing the dissolution rates
from™ tanlel cores and film-coated tablets, respectively.
1n B34 cases, more than 70% of the active agent was
disseved within 30 minutes, Thus, the film coating did
not significantly influence the rate of dissolution.

Example 4

Bicavailability of drospirenone and ethinylestradiol from
lablels conlaining 3 myg of drospirenone and 0.03 mg
ethinylestradiof

f0050] 42 healthy women between 18 and 35 years
of age were included in an open-label crossover study
aftertheirinformed consent had been oblained. The aim
of the study was to investigate the relative bioavailability
of drospirenone and ethinylestradiol from a tablet for-
milatien containing 3 mg drogpirenone and 0.03 mg
ethinylestiradiol with reference to an oral suspensicn
con‘dining 6 mg of drospirenone and 0.06 mg ethi-
nyiri<*radiol per vial,

1% The bioavailability was determined using se-
riim ¢uncentrations of each active agent as parameters.
Compared 1o the oral suspensicn, the relative bioavail-
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ability of drospirenone and ethinylestradiol frorm the {ab-
lets is 107% and 117%, respectively. It was thercforg
concluded that both drospirenone and ethinylestradiol
are comptetely released from the tablets in vivo,
[0052] The abselute bioavailability of drospirenone
was determined in two studies to be 76%+13% after vval
administration of 2 mg drospirenone to 8 young hedqudy.
wornen and 85%:+24% aiter oral administration of &, ;-
crocryslalline suspension conlaining 3.13 mg dros-
pirencne to 6 postmenopausal women.

[0053] The cral bicavaliability of ethinylestradiol was
determined in several studies, and mean values of from
36% to 59% were reported in the literature, indicating &
first-pass cifect.

Example 5

Contraceptive efficacy of formufations containing
drospirenone and ethinylestradiol

[0054] An open-label, randomized trial with 52 femalp
voluntcers aged 20-35 years whose informed consent
had been obtained inciuded 1 pre-treatment cycle, 3
treatment cycles with two diflerent tablet containing 2
mg and 3 mg drospirenone, respectively, but otherw.:.e
corresponding la the tablets prepared in Example 1;_1,1.“:(1‘
a follow-up phase. A wash-out phase of 1 month nra-
ceded the treatment. -
[0055] Atdcfined time points, selected central and pe-
ripheral parameters were investigated: LH, FSH, 17p-
estradiol, pregesterene, cervical score, "spinnbarkeit”,
fern phenomenon. Ovarian function was checked by ul-
trasound. In addition, SHBG, CBG, prolactine, total tes-
tosterone, androslenedicne, DHEA-S and selected
metabelic parameters (serum glucese, triglycerides,
cholesterol, HDL, LDL) were examined. Blood pressure,
heart rate, body weight and cycle control were docu-
menied.

[0056] The resuits of the study showed that both LH
and FSH were clearly suppressed with both trial prepa-
rations, Accordingly, the secretion of estradiol and pro-
gesterone were greally reduced over all three treatment
cycles with the exception of 3 volunteers receiving the

2 mg drospirenone preparation, This result was, in C-"f'i‘hf'_ .

ciple, confirmed by the accompanying ultrasound exa-
inations. Foilicutar ripening occurred in soveral cascs
with both trial preparations. Although three ovulations

were diagnosed with the preparation containing 2 mg. -

drospirenone (one of which was described as "equivo-
cal" and the other as a “tablel-taking error"), no differ-
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 hermones, cervical function was great-
ly limited and the "spinnbarkeit’ and crystallisability of
the cervical mucus was greatly reduced with both trial
preparations. Prolactin increased minimally and SHBG
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and CBG distinetly with both preparations. Triglycerides
and HDL levels increased with both trial preparations,
while LOL levels decreased. Total cholestercl was farge-
ly unchangedin both treatment groups. Oral glucose 1ol-
crance remained virtually unchanged or was slightly de-
creased. Testosterone, androstenedicne and DHEA-S
docreased minimally.

{0057} The subjeclive and objective tolerance was
good with bath treatmenis. This was also the case for
cycle control with the exception of the first cycle with 2
mg drospirenone. Blood pressure, heart raie and body
weight remained constant in the majority of cases or
showed a slight tendency to decrease.

[0058] Adter three months' {reatment, it was conclud-
ed:

[0059] The two trial preparations were equally good
as regards the subjeclive and objective tolerance.
[0060] No negative metabelic effects were observed
with either preparation. HDL was inftuenced positively
in the sense of an increase.

The results confirmed the results of earlier studics that
the 2 mg drospircnone preparation was in the threshoid
region of ovulation inhibition, whereas the 3 mg dros-
pircnone preparation had a demenstrable evulation-in-
nibiting effect in all cases examined.

Claims

1. Apharmaceutical composilion comprising, as a first
active agent drospirenone iy an amount corre-
sponding to a daily dosage, on administration of the
compasition, of from about 2mgto 4 mg, and as a
second active agent, ethinylestradiol in an amounl
correspending to a daily desage of from about 6.01
mg to 0.05 mg, tegether with one or more pharma-
ceutically accoptable carriers or excipicnts, wherein
said drospirenene is in micronized form.

2, The composition accerding to claim 1, wherein the
drospirenone has a surface area of mere than 10
000 cm/g.

3. The composition according to any one of claims 1
or 2, wherein at [east 70% of said drospirenone is
dissolved from said composition within 30 minutes,
as determined by USP XXIli Paddle Methed it using
water al 37°C as the dissolution media and 50 rpm
as the stirring rate.

4. The composilion according to any one of claims 1
to 3, wherein drospirenenc is sprayed from a solu-
tion of drospirenone onte paricles of an inert carricr.

5. The composition according lo any one of claims 1
to 4, wherein the in vitro dissolution of ethinylestra-
diol is such that at least 70% is dissolved within 30
minuies, as detcrmined by USP XX Paddle Meth-
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od If using water at 37°C as the dissolution media
and 50 rpm as the stirring rate.

A pharmaceutical preparation consisting of a
number of separately packaged and individually re-
mevable daily dosage units placed in a packaging
unitand intended for eral administration for & period
of at least 21 consecutive days, wherein said daily
dosage unils comprises a combination of dros-
pirenone in an amount of from about 2 mg to 4 mg
and cthithylesiradiol in an amount from about 0,01
10 0.05 mg, wherein said drospirenane is in micro-
nized form.

The preparation accerding to claim 6, wherein the
drospirenone has a surface area of more than 10
000 cm2fg.

The preparation according 1o any one of claims 6 or
7, wherein at lcast 70% of said drospircnone is dis-
solved from said desage unit within 30 minutes, as
determined by USP XXIII Paddle Method Il using
walter al 37°C as the dissolution media and 50 rom
as the stirring rate.

The preparation according to any one of the claims
6 to 8, wherein said ethinylestradiol is in micronized
form or sprayed from a solutien onto particles of an
inert carrier.

The preparation according to any one of claims 6 to
9, which additionaily compriscs 7 or less daily dos-
age units containing no active agent intended for
oral administralion subsequent to the period of at
least 21 consccutive days, the total number of daily
dosage units being at least 28,

The preparation according to &ny one of claims 6 to
9, wherein the number of daily dosage units com-
prising the cambination of drospircnone and ethi-
nylestradiol is 21, 22, 23 or 24, and whercin the
number of daily dosage unils containing no active
agentis 7, 6,5 or 4.

The preparation according to any ene of claims 6 to
9 intended for oral administration for a period of at
lcast 28 consecutive days, wherein at least 21 of
said daily dosage units comprises a combination of
drospirenone in an amount of from about 2 mgto 4
mg and ethinylestradiel in an amount from about
0.01 1o 0.05 mg, and wherein 7 or less of said daily
dosage units contain ethinylestradicl alone in an
amount from about 0.01 1o 0.05 mg.

The preparation according to any one of claims 6 to
9. wherein the numbor of daily dosage units com-
prising the combination of drospirenone and ethi-
nylestradiol is 21, 22, 23 or 24, and wherein the
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17,

18,
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number of daily dosage units comprising ethi-
nylestradiol alone is 7, 6, 5 or 4,

The preparation according to any one of claims 6 to
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
paricutar 2 or 3, times 28.

. The preparation according to cfaim 6, wherein the

number of daily dosage units intended for ora} ad-
ministration is for 2-4, preferably 2 or 3, times 28
consecutive days, followed by administration of the
d=y dosage units comprising the combination of
draspirenone and ethinylestradiol for 21, 22, 23 or
24 consecutive days and subsequently administra-
tion of the daily dosage units containing no active
agent, or administration of no daily dosage units, for
7,6, 5 or 4 consecutive days.

Use of drospirenanc combined with ethinylestradial
for preparing a pharmaceutical composition for the
inhibitien of ovulation in a mammal, in particular a
human, the composition comprising an amount of
drospirenone corresponding 1o a daily dosage, on
administration of the composition, of from about 2
mg to 4 mg, and comprising an amount of ethi-
nylestradiol corresponding to a daily dosage, on ad-
ministration of the composition, of from about 0,01
1o 0.05 mg, and wherein said drospirenone is in mi-
cranized form,

i use according to claim 16, wherein said dros-
fivenone has a surface area of more than 10 060
cmi/g,

The use according to any one of claims 16 or 17,
wherein at least 70% of said draospirenane is dis-
solved from said composition within 30 minutes, as
determined by USP XXIll Paddle Method [l using
walter at 37°C as the dissolution rmedia and 50 rpm
as the stirring rate

The use according to any ene of claims 16 to 18,
wherein the dissolution of ethinylestradiol is such
that at least 70% is dissclved within 30 minutes, as
determined by USP XX Paddie Method il using

" water at 37°C as the dissolution media and 50 rpm

_Aas the stirring rate.

af

P:’iff.’.:-:f‘_ tanspriiche

1.

Phamazeutische Zusammensetzung, die als er-
sten Wirkstoff Drospirenon in einer Menge enthili,
die bei der Gabe der Zusammensetzung einer Ta-
gdésdosis von 2 mg bis 4 mg entspricht, und als
zweiten Wirkstofl Ethinylestradiol in einer Menge,
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die einer Tagesdosis von ctwa 0,01 mg bis 0,05 mg
entspricht, gemeinsam mit einem oder mehreren
pharmaZzcutisch annchmbaren Trdgern oder Arz-
neimitteltragern, wobei das Drospirenon in mikroni-
sierter Form vorliegt.

Zusammensetzung nach Anspruch 1, wobei das
Drospirenon eine Oberitdche von mehr als 10 000
cme/g hat,

Zusammenseizung nach einem der Anspn’.'lch-:- 3
oder 2, wobet mindestens 70% des Drospirenons
innerhalp von 30 Minuten aus der Zusammenset-
zung wie mit der USP XX1ll Paddie-Methode It unter
Verwendung von Wasser mit 37 °C als Losefluid
und 50 U/Min. als Rihrgeschwindigkert bestimmit
herausgeldst werden.

Zusammensetzung nach cinem der Anspriiche 1
bis 3, wobei Drospirenon aus einer Drospirenonid-
sung aui Partike! eines inerten Trdgers gespriiht
wird.

Zusammenseizung nach einem der Anspriiche I
bis 4, wabel die in-vitro-Auflésung von Ethinylestra-
diol derart ist, dass mindestens 70% innerhalb von
30 Minuten wie mit der USP XXI1l Paddle-Methode

I} unter Verwendung von Wasser mit 37 °C als .- -
sefluid und 50 U/Min. als Rihrgeschwindigke? o o=

stimml herausgelést werden. .
Pharmazeoutisches Priparat bestehend aus einer
Anzahl getrennt verpackter und einzeln heraus-
nehmbarer Tagesdosiseinheilen, in eine Verpak-
kungseinheit platziert und fiir dic orale Gabe fir ei-
ne Daucr von mindestens 21 aufeinander felgen-
den Tagen bestimmt, wobei die Tagesdosiseinhei-
ten einc Kombination aus Drospircnon in einer
Menge von etwa 2 mg bis 4 mg und Ethinylestradiol
in einer Menge von etwa 0,01 bis 0,05 mg enthalten,
wobei das Drospirenan in mikronisicrier Form vor-
liegl.

Préparat nach Anspruch 6, wobei das Drospirenon
eine Oberfliiche von mehr als 10 000 cm2/g hat.

G

Préparal nach einem dor Anspriiche 6 oder 7, wewg/
mindestens 70% des Drospirenons aus der Dyis-
einheil innerhalb von 30 Minuten wie mit der USP

XXIll Paddie-Methode H unter Verwendung von
Wasser mit 37 °C als Losciluid und 50 UMin. als
Rihrgeschwindigkeit bestimmt herausgelost wer-
den.

Préparat nach cinem der Anspriiche 6 bis B, wobei
das Ethinylestradic! in mikronisierter Form oder aus
ciner Lésung auf Partikel eines inerten Trigers ge-
spriht vorliegt.
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12,

13.

14.

15.

16.

16

Priaparal nach einem der Anspriiche 6 bis 9, das
zusétzlich 7 oder weniger Tagesdosiscinheiten ent-
hélt, die keinen Wirkstoff enthalten, die zur aralen
Gabe im Anschluss an die Pericde von mindeslens
21 aufeinander folgenden Tagen bestimmt sind,
wobei die Gesamtanzahl der Tagesdosiseinheiien
mindestens 28 betragt.

Préparat nach einem der Anspriiche 6 bis 9, wobei
dic Anzahl dor Tagesdosiscinheiten, die dic Kom-
bination aus Drospirenon und Ethinylestradiol ent-
halten, 21, 22, 23 oder 24 betrdgt und wobei dic An-
zahl der Tagesdosiseinheiten, die keinen Wirkstoff
enthalten, 7, 6, 5 oder 4 betrdgt.

Praparat nach einem der Anspriiche 6 bis 8, das
zur oralen Gabe [ir eine Periode von mindeslens
28 aufeinander folgenden Tagen bestimmi ist, wo-
bei mindestens 21 der Tagesdosiseirheiten cing
Kombination aus Drospirenon in ciner Menge von
ctwa 2 mg bis 4 mg und Ethinylestradiol in ciner
Menge von ctwa 0,01 bis 0,05 mg enthatten und wo-
bei 7 oder weniger der Tagesdoesiscinheiten aur
Ethinytestradial in einer Menge ven otwa 0,01 bis
0,05 mg enthalten,

Préparat nach ginem der Anspriiche 8 bis 8, wobei
dic Anzah! der Tagesdosiscinheiten, dic dic Kom-
bination aus Drospirencn und Ethinylestradiol ent-
hallen, 21, 22, 23 cder 24 betrdgt und wobei dic An-
zahl der Tagesdosiseinheiten, die nur Ethinylestra-
dic! enthatien, 7, 6, 5 oder 4 betrigt.

Préparal nach einem der Anspriiche 6 bis 8, wobei
dic Anzah! der Tagesdosiseinheiten, dic die Kom-
bination aus Drospirenon und Ethinylestradiol ent-
halten, 28 oder ein Vielfaches von 28 beirdgt, wie
£um Beispiel 2 bis 4 Mal, insbcsondere 2 bis 3 Mal,
28.

Praparat nach Anspruch 8, wobei die Anzahl der
platzierten Tagesdosiseinheiten fiir die orale Gabe
fiar 2 bis 4, vorzugsweise 2 oder 3, Mal 28 aufein-
andcr folgende Tage bestimmt ist, gcfoigl von der
Gabe von Tagesdosiseinheiten, die die Kombinati-
on aus Drospircnon und Ethinylestradiol enthalten,
wahrend 21, 22, 23 oder 24 aufeinander folgenden
Tagen und danach Gabe von Tagesdosiscinheilen,
die keinen Wirkstoff enthallen, oder keine Gabe von
Tagestlosiseinheiten wihrend 7, 8, 5 oder 4 aufein-
ander folgenden Tagen.

Verwendung von Drospircnon kombiniert mit Ethi-
nylestradiol zur Zubcreitung einer pharmarseuti-
schen Zusammensotzung zur Inhibition des Ei-
sprungs in einem Saugelicr, insbesondere beim
Menschen, woboi die Zusammensetrung eine
mMenge Drospirenon enthilt, die bei der Gabe der



17.

18.

19.
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Zusammenselzung einer Tagesdaosis von clwa 2
mg bis 4 mg entspricht, und die cine Mcnge Ethiny-
lestradiol enthalt, die bei dor Gabe der Zusammen-
setzung einer Tagesdosis van etwa 0,01 bis 0,05
mg entspricht und wobei das Drospirenon in mikro-
nisierter Form varliegt.

Verwendung nach Anspruch 16, wobel das Drospi-
renon eine Oberfldche von mehr als 10 000 cmé/g
hat.

Verwendung nach einem der Anspriche 16 oder
17, wobei mindestens 70% des Drospirenons aus
der Zusammensetzung innerhalb von 30 Minuten
wie mit der USP XXl Paddle-Methode 1 unter Ver-
wendung von Wasser mit 37 °C als Ldsefluid und
50 U/Min. als Rihrgeschwindigkeit bestimmt her-
ausgelést werden.

Verwendung nach cinem der Anspriiche 16 bis 18,
wobei dic Aufldsung ven Ethinylestradiol derart ist,
dass mindestens 70% innerhalb ven 30 Minuten wie
durch die USP XXIIl Paddle-Methode It unter Vor-
wendung von Wasser mit 37 °C als Lésefluid und
50 U/Min. als Riihrgeschwindigkeit bestimmt her-
ausgeldst werden.

Revendications

Composition pharmaceutique comprenant, comme
premicr agent actif, de Ya drospirénone, en guardiié
correspondant a une dose joumnaliére, lors de l'ad-
ministration de la composition, d'environ 2 mg & 4
mg ct, comme second agent actif, de I'éthinylestra-
diol. en quantité correspondant & une dose journa-
flicre d'environ 0,01 mg & 0,05 mg, avec un ou plu-
sieurs véhicules ou excipients phamaceutique-
ment acceptables, dans laquelle ladite drospiréno-
ne esl sous fofme micronisée.

Composilion sclon la revendication 1, dans laquelle
la drospirénone a une surface spécifigue supérieu-
re & 10 000 cm?/q.

Camposition sclon I'une quelcongque des revendi-
cations 1 ou 2, dans laguelle au moins 70% de ladite
drospirénone passent en solutien dopuis ladite
compaosition en l'espace de 30 minutes, la détermi-
naticn étant faite selon la Phamacopée US XXIII
par la méthode avee palettes I, en utilisant de 'eau
a 37°C comme milicu de dissolution el une vitesse
d'agitation de 50 tours/min.

Composition sclen l'une quelconque des revendi-
cations 1 & 3, dans faquelie la drospirénone ost pul-
vériste a partir d'une solution de drospirénone sur
das particules d'un véhicule inerte.
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Composition selon |'une quelconque des revendi-
cations 1 & 4, dans laquelle la dissolution in vitro de
I'éthinylestradiol est telle qu'au moins 70% passent
en solution en l'espace de 30 minutes, la détermi-
nation étant faite selon la Pharmacopée US XXl
par la méthode avec palettes |1, en utilisant de l'eau

. a37°C comme milicu de dissolfution el une vitesse
" d'agitation de 50 tours/min.

Praparation pharmaceutique constituée d'un cer-
tain nombre de doses unitaires journaliéres condi-
tiranées séparément et pouvant étre retirées indi-
viduellement, placées dans un emballage unitaire
et deslinées & étre administrées par voie orale pen-
dant une durée d'au moins 21 jours consécutifs,
aans laquelle lesdites doses unitaires journaliéres
comprennent une association de drospirénone en

* quantité d'cnviron 2 mg 4 4 mg et d'éthinylestradiol

en quantité d'environ 0,01 & 0,05 mg, dans laquelle
ladite drospirénone est sous forme micronisée.

Préparation selon la revendication 6, dans laquelle
la drospirénane a une surface specifique supgriou-
re & 10 000 em?2/g.

Préparation selon l'une quelconque des revendica-
tions 6 ou 7, dans laguelle av moins 70% de ladite
draspirénone passenl en solution depuis ladite do-
afi+initaire en l'espace de 30 minutes, la détemi-
r-fon étant faite sclon la Pharmacopée US XX
41 1a méthode avec palettes If, en utilisant de 'eau
& 37°C comme milieu de dissolution et une vitesse
d'agitation de 50 tours/min.

Préparation selon ['une quelconque des revendica-
tions 6 & B, dans laquelle ledit éthinylestradiol cst

" sous forme micranisée ou est pulvérisé & partir

d'une solution sur des particules d'un véhicule iner-
te.

Préparation selon I'une quelconque des revendica-
tions 6 & 9, qui comprend on outre au plus 7 doses
unitaires journaliéres ne contenant pas d'agent actif
destindes & étre administrées par voie orale & I'is-

. sue de la période d'au moins 21 jours cansécutils,
p ]

11.

12

le nambre total de doses unitaires journaliéres étant

'8l moins 28.

Friparatlon selon Vune quelconque des revendica-
tiens 6 4 9, dans laquelle le nombre de doses uni-
taires journalieres comprenant fassociation de
drospirénone et d'éthinylestradiol est de 21, 22, 23

ou24 etdanslaquelle le nombre de doses unitaires
journalieres ne contenant pas d'agent actif est de

7,6, 50u4,

Préparation selon l'une quelcongue des revendica-
tions 6 & 9 destinée 4 &tre administrée par voie orale




13.

14,

15.

16.

17.

18.

19

pandant une durée d'au meins 28 jours consécutils,
dans laguelle au moins 21 desdites doses unitaires
journalidres comprennent une association de dros-
pirénone en guantité d'enviren 2 mg &4 4 mg et g'éthi-
nylestradiol cn quantité d'enviren 0,01 a ¢,056 mg,
et dans faguelle au plus 7 desdites doses unitaires
journaliéres contiennent de I'éthinylestradiol seul,
en guantité d'environ 0,01 4 0,06 mg.

Préparation selon 'une quelcongue des revendica-
tions 6 & 9, dans faquelle [e nombre de doses uni-
taires joumnaliéres comprenant l'association de
drospirénone et d'éthinylestradicl est de 21, 22 =23
ou 24, et dans laguelle lo nombre de doses unitw: as
joumnatiéres comprenant de I'éthinylestradiol veul
eslde 7,6, 5004,

Préparation selon 'une quelcongue des revendica-
tions 8 &4 9, dans laquelic le nombre de doses uni-
taires journalieres comprenant l'asscciation de
drospirénone ot d'éthinylestradiol est de 28, ou d'un
multiple de 28 comme 2-4 fois 28, en parliculicr 2
ou 3 fois 28.

Préparation selon ta revendication 6, dans [aquelle
le nombre de doses unitaires journatiéres destinées
a 'administration orate est de 2-4 fois, de préféren-
ce 2 ou 3 fois, 28 jours consécutifs, suivie de l'ad-
ministration des doses unitaires journaliéres com-
prenant 'association de drospirénone et d'éthiny-
lestradiol pendant 21, 22, 23 ou 24 jours consecu-
iifs, puis de l'administration des doses unilayes
journali@res ne contenant pas dagent actil, 0w de
I'absence d'administration de doscs unitaires jour-
naliéres, pendant 7, 6, 5 ou 4 jours consécutifs.

Utilisation de drespirénone associce & de I'éthiny-
lestradio! pour préparer une composition pharma-
ceutique destinée a inhiber f'ovulation chez un
mammifére, en particulier un étre humain, la com-
position comprenant une guantité de drospirénone
correspondant & une dose journaliére, lors de l'ad-
ministration de la composition, d'environ 2 mg a 4
mg et comprenant une quantité d'éthinylestradiol
correspondant & une dose journaligre, lors de l'ad-
ministration de la composition, d'onviron 0,01 mg a
0,05 mg, et dans laquelie ladite drospirénone est
sous forme micronisée.

Utilisation selon la revendication 16, dans Iaqug!!e
ladite drospirénone possdde une surface spéci-

que supéricure 4 10 000 cm2/g.

Utilisation selon l'une quelconque des revendica-

tions 16 ou 17, dans laquelle au moins 70% de la-
dite drospirénone passent en solution depuis ladite

composition en i'espace de 30 minutes, la détermi-
nation étant faite sclon la Pharmacopée US XXIN

o
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19.

20

par la méthode avec paletles |, en utilisant de f'eau
& 37°C comme tnilieu de dissolution o1 une vitesse
d'agilation de 50 tours/min.

Utilisation selon l'unc quelconque des revendica-
tions 16 & 18, dans [aquellc 1a dissctution de I'éthi-
nylestradiol ost felle qu'au moins 70% passent en
solution en 'espace de 30 minutes, la détermination
ctanl faile selon la Pharmacopée US XXII par la
méthode avec palettes I, en wtilisant de f'eau &
37°C comme milieu de dissolution ¢t unc vilesse
d'agitation de 50 teurs/min.
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(A) Effect of magnasium stearate on dissotution rate of salieyllc acid from rotating disks made trom fina salicyllc acid powder. Key: ‘0, 3% magnesium
stearate; @, no lubricant added. (8] Etfect of lubricant on dissoluiion rate of salicyllc acld contained In:compressed tablets (formula A Key: X, 3%

magnesium stearate; @, no fubricant; O, 3 %. sodium lauryl suifate.

dissolution characteristics of the tablets and not the method
of granulation per.se. Pigure 31-0 shows the effect of differ-
ent granulation methods on the dissolution rate of tablets.

Effects of Compression Force on Dissolution Rate

In his early studies of the physics of tablet coﬁlpressien, T
Higuchi (1953}, pointed to the great influence {)f the com-
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Fig 31-8. Eﬂect ol manulacturmg process on the dnsso!uﬂon rate of
tableﬁs L

Key: B, Direct comprcsslon with spray drited lactosc Bz Wet granulatmn with

othitteilviose and lactase, B Acacla mucuagc arid Iactose. B.; Starch paste
drwd-lactost. - -

pressmnal force employed in-the tablet.mg process on the
apparent de-nsnty, porosity, harduness, disintegration time
and average primary particle size of campressed tablets.
There is always a competing relationship between the é_n-
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Fig 31 10. Effect of precompressiqn prcssure on the dissolution
rate of tablets.*

Key: Etféct of precompresslon preﬁsure on dtsscluﬂon rate of saucyuc acld
contalned in compressed tablots. Ker ®, 715 Kg.; X, 1430 Kg.; W.2860
Kg.: O, 5730 Kg. pressurc per em.? " (Average of five tablets each, formula D.)
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the added ingredientsiare selected in order to give the tablet
formulation the desirable physical sharacteristics allowing
the rapid compresdion of tablets, - After compression the
-tablets mtust have a number of additional attributes such as
appesrance, hardness, disintegration “ability, appropriate
dissglution characteristics and uniformity which also are
influenced both by the method of preparation and by the
added materials presentin the formulation: In the prepara-
tion of compressed 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-
dients and hence the therapeutic efficacy of the dosage form.
In response to a request by physicians to-change a dicumarol
tablét in order that it might be broken more easily, a Canadi-
an company reformulated to' make a large tablet with a scote.
Subsequent use of the tablet containing the same anmount of
drug substanceé as the-previous tablet, resulted in complainis
that larger-than-usual doses were needed to produce the
same therapeutic response. On- the other hand, literature
reports indicate that the reformulation of a commercial di-
goxin tablet résulted in a tablet, glthough containing the
same quantity of drup substance, that gave the desired clini-
cal response at half its original dose. Methods and princi-
ples thai can be used to assess the effects of excipients and
additives on drug abserption have been rewewcd ZHAE Jee
Chapters 36, 75 and 76 :

Tab!et Ingredfents

In addition to the active or Lherapeutlc mgredlent tablets
contain a number of inert'materials. The latter are known
asadditives or excipients. . They may be classified acwrdmg
to the part they play in the finished tablet. ‘The first group
containg those which heip to impart, setlsfactory processing
and compression charagteristics to the: formulation, These
include. dl!uents binders and glidants and lubncant.s The
second group of. added substances helps to give, addltmnal
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 controlied release tablets, polymers or waxes or
other solubility- rctardmg materials. .

_Although the term tnert has been apphed to these ‘added
matenals, it is becoming increasingly apparent that there is
an important relationship between, the properties. of the
excipients and the dosage forms contammg them. - Prefor-
mulation, studlcs demonstrate 'their influence on stability,
btoavallablhty and the processes. by whlch the dogage forms
are prepared.- The need fot acquiring more information aqd
use standards for excipients has been recogmzed in a joint
venture of the.  Academy of- Pharmaceutlcal Sciences and the

‘Council of the Pharmaceutical Socicty of Great Bntam

The result is called the Hazuibqak af Pharmaceut;cal Excip-
ients. This reference is.now distributed wndely thrqughout
theworld 1 . . : -

o . D;tuents

Frequently thé emgle dose of the ‘active 1ngredient is sinall
and an inert substance is added to increase the bulk in order
to make the tablet a practical size ‘for eompression. Corir-
presséd tablets of dexamcthasone contain 0.75-mg steroid
per tablet; hence, it is obvious that another material must be
added to make tableting possible. Diluénts used for-this
purpose include ‘dicalcium phosphaté, ealcium’ sulfate, lac-
tose, céllulose, kao!m mannitol, sodium chlotide, drystarch

dnd powdered sugar. “Certain -diluents, such-gs’ mgnnitol,
lactose sorbitol; sucrose and inositol, when present in suffi-
cierit ‘quantity, can impart propertles to some mmpressed
tsblets that permit disintegration in the mouth by chewing.

ORAL SOLID DOSAGE FORMS
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Such tablets commonly are called chewable tablets. "Upeon
chewirig, properly prepared tablets will disintegraté smoeth-
ly at a satisfactory rate;-have a pleasant taste and feel and
leave no unpleasant aftertaste in the mouth. - Dildents used
as excipients for direct compressmn formulas have -been
subjected to prior processing to give them!flowability -and
compresmblllty These are discussed under Du-ect Com-
pression, page 1645,

Mast formulators of immediate-release tablet.s tend to use
coasnstently only oné or'two diluents selécted from the above
group in their tablet formulations.. Usually, these have been
selected on the basis of experience and cost factors. Howev-
er, in'the formulation of new therapeutic agents the com-
patibility of the diluent with the drug must be congidered.
For example, calcium salts used .as diluents for the broad-
spectrum antibibtie tetracyeline have been shown to inter-
fere with the drug’s absorption from the gastrointestinal
tract. When'dreug substances have low water solubility, it is
recommended that water-soluble diluents be used to avaid
possible bioavailability problems. Highly adsorbent sub-
stances, eg, bentonite and kaolin, are to be avoided in malk-
ing tablets of drugs used clinically in small 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 amine bases with lactose, or airine salts with
lactase in the presence of an alkaline lubncant re.sulte in
tablets which discolor:on aging.. .

M:cmcrysta!lme :cellulose (Avncel) usually is used as an
‘excipient in direct compression formulas. - However, its
preséncein 5 to 15% concentrations in wet:granulations has
beenishown to- be beneficial in the granulation’and-drying
processesin minimizing case-hardening of the tablets end in
reducing tablet mottling. . - A

Many ingredients are used for several: dlfferent purposes,
even within thic same formulation. For example, cornstarch
céin be used in-paste form as a binder.. When.added:indrug
or suspension form, it is a' good disintegrant. Even though
‘these two uses are to achieve opposite-goals, some tablet
formulas use corn starch in both ways.: In some controlled-
release formulas, the polymer hydroxypropylmethylceliu-
lose- (HPMC) isiused both as an aid to prolong the releasé
fromi the tablet, as well as a film-former in the'tablet coating.
TFherefore, most excipients used in formulating tablets and
capisulés have many uses, and & thotough understanding of
-their properties:and hmltatmns ls necessary m order 1o use
them rat:onally- : - o N

Binders

* Agents used to 1mpert cohesive qualities to the- pdwde:red
mat.enal are référred to as' binders-or granulators:- They
impart d cohesiveness to the tablét formulation which’ in-
Bures the tablet rethdining intact aftér compression, a8 well
as improving the free-flowing qualities by, the fofmulatior of
granulcs of desired hardness and size. - Matgrials ¢commonly
used as binders include starch, gelatin and sdgars as sucroge,
glicdse, dextrose, molasses and lactose. ~ Natiiral ahd syn-
theti¢ gums which have been used-ficlade ‘acacia, sedium
alginate, ‘extract of Irish moss, panwar gum, ghatti gum,
‘mucilage of isapol -husks, ‘carboxyméthylcellulosé, methyl-
cellulase, polyvinylpytrolidone, Veeguin and’laich amboga-
Tactan. 'Other sgents which may be considered binders un-

.der-certain circumstances are polyéthylene glycol ethylcel

lulose, waxes, water and alcohol ”
THe quantity of binder used has cons1derah1e influehece on

‘the chiaracteristics of the compressed tablets. The use of too

much bibder or too strong a binder will make i -hard-tablet
which will not disintegrate easily and which will ciuse exées-
sive wear of punches and dies. “Differences in binders used
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Effect of crystallinity of microcrystalliné cellulose on the compactability
and dissolution of tablets
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Absiract

Microcrystalline ccilulose (MCC) was pulverized with a vibrational rad mill. The degree of crystallinity of MCC decreased from 65.5 to
12.1% with pulverization time due to mechanochemical effect. Pulverized MCCs were compressed at 155.6 MPa using a compression test
apparatus, and the two parameters relating to compactability, the & value 1p-l yield pressure, were calculated using a Heckel plot. These
values were lowered as the degrec of crystallinity of MCC became smaller. T 2se results suggest that the crystal Tegion and the amorphous
region in MCC particles may be mainly fractured and deformed plasticaliv “iiring compression, respectively. Then the dissolution test was
performed for the acetaminophen-MCC (10:90) tablets. Dissolution profilz#-showed an interesting phenomenon, namely, the dissolution
rate of acetaminophen from MCC tablet decreased when the degree of crystallinity of MCC was in the range from 65.5 to 37.6%, howcever,
it increased markedly whee the degree of crystallinity of MCC was in the range from 25.8 to 12.1%. The amount of water absorbed iato
teblets changed in accord with the dissolution rates of acetaminophen from tablets. The dissolotion data indicate that drug release can he

tnodified by changing the degree of crystallinity of MCC. @ 1999 Elsevicr Seience B.V. All rights reserved,

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

1. Introduction

Microcrystalline cellulose (MCC) was commercialized as
Avicel® by FMC corporation ip 1962, and it was registered

- in the supplement to the National Formulary, twelfth edi-

tion, in 1966. Although Avicel was ounly the brand-name

production of MCC until about 1980, since then, consider- .

able numbers of MCC productions have been launched in
variaus countries. MCC has been widely used as an additive

for direct compression because of its good flowability and < - -

compactability, :
MCC is manufactured by the following process: at first,

* Correspoodiag author, Pharmaceutical Formulation Research
Leboratory, Daiichi Pharmacentical, 16-13, Kita-kasai 1-chome
Bdogaws-ku, Tokyo [34, Japan. Tel: +81-3-5658-1454;
fax: +81.3-5696-B465.

woodpulp made from peedle-leaf trees or retumpulp made
from cotton-seed fiber is hydrolyzed with mineral acid, The
intermediates are then neutralized and washed after remov-
ing the amorphous region and impurities to purify the MCC
i13. Therefore, it has often been indicated that differences in
he characteristies of MCC among manufacturers are duc to

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

Jtitig conditions, which affect the compactability [2,3].
Triuzas et al. [4] reported that the Compactability Index
div#ed among five brand-name MCCs. Rowe et al. [5]
‘reited out that the particle size of MCC affected tablet
‘chéracteristics much more than the crystaltinity of MCC
because crystallinities among 11 brand-name MCCs mea-
sured by powder X-ray diffraction patterns and infra-red
ahworption spectra were almost the same, and their degree
of crystaliinity 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-

0939-6411/99/5 - sce front matter € 1999 Elsevier Science B.V. All rights reserved.

PE: §0939-6411(98300102-7
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tion using Kawakita’s equation. They concluded that the
mos! tmportant materials property affecting the breaking
strength of tablets was the specific surface area of the £i2.t-

ing material, and no comrelation between crystallinity, Pur-

ticle size or particle shape of starting material and the
strength of tablels was observed. However, as the degree
of crystallinity of MCC vsed in their study were almost the
same, 63 and 68% for Avicel and Emcocel, respectively, the
effect of crystallinity of MCC did not seem to be clear
Landio ct al. reported that yicld pressure, which is one of
the parameters in a Heckel plot |7,8] related to the compact-
ability of powder, exhibited no significant difference among
four brand-name MCCs manufactured in Finland, India, Ire-
land and Japan, though their chemical composition, crystal
structure and particle size were different [9]. Tkeda et al.
evalvated 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 crystallinity among various brand-named MCCs on the
compactzbility, we covld hardly find any articles examining
the effect of change in crysiallinity in the same brand-
named MCC on the compactability and dissolution chatac-
teristics of tablets.

.MCC as well as the other additives is often pulverized in
phammaceutical processes, thercfore it is important for
assurance of the quality of drug products to clarify the effect
of changes in physicochemical propertics of MCC caused
by pulverization on physical characteristics, such as granu-
lation and compression and chemical characteristics, such
as content vaifommity and dissolution.

We reported that the degree of crystallinity of MCC
affects the characteristics of granules manufactured using
a high-shear mixer in a previons paper [11]. In this study, we
took ootice of crystallinity in various physicochemical prop-
ertics of MCC, and examined the effect of the degree of
crystallinity of MCC on the compactability and dissolution
characieristics of tablets.

2. Materials and methods

A A AW

2.1. Materials

MCC (Avicel PH101, Asahi Chemical Industry) and acet-
amtinophen {Yamamoto Chemical Industry), 75-150 m,
were used. They were of JPXIII grade.

2.2. Pulverization of materials

Ten grams of MCC were pulverized using a vibrational
rod mill (Sample Mill, Heiko, Japan) for 2-30 min ard then
passed through a 150 m sieve. Io addition, MCC pulverized
with a jet mill (PTM-NP, Nihon Preumatic, Japan) under the
following conditions was prepared in order to evaluate the
cffect of particle diameter on the dissolution rate: com-

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

2.3. Measurement

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

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

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

The equilibrium moisture curves were measured with a
Integrated Microbalance Systern MB 300G (VT1 Corpora-
tion, USA).

Each material was compressed with a compression test
apparatus (Autograph A(GS5000B, Shimadzu, lapar) using
flat-face punches of 8 mm diameter {n = 3). The compres-
sion speed and the reverse speed of an upper punch was set
at 10 mm/min and 100 mm/min, respectively. The compres-
sion foree was removed at the 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 each sample was 200 mg. No lubricant was vused in this
compression study. The stress transmission was calculated
by dividing the lower punch pressure by the upper puach
pressure at 155.6 MPa. The compression enesgy was calcu-
lated from a displacement-farce curve for the upper punch.

Heckelplot analysis was applied to estimate how MCC
deforms in the compressionprocess. 1icekel found that the
reduction in voidape obeys a lirst-order kinetics type of
reaction with applicd preysure. Heckel’s cquation is as fol-
lows [12}:

o[ (1~ p N =KPpt A

where p, is the relative density of the compact, K and A are
constants determined from the stope and intercept of the
extrapolatcd linear region of the plot, respectively. K is
expressed as the reciprocal of yicld pressure (P)) which
reflects the plasticity of the sample. The diffcrence between
the relative density at the point where measurable force was
applied, and the relative deosity calculated from the inter-
cept of Heckel plot linear portion is expressed as the B
value which reflects the extent of densification by move-
men! and reorientation of the particles, and the magnitude
of fracture of the sample particles.

Tablet hardness was measured with a tablet-hardness tes-
ter (Tablet Tester 6D, Schleuniger, » = 3), and the crushing
strength, that is to say, tensile strength, was calculated.

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

Mean particle diameters of [-MCC and R-MCC

Mean particle

Pulverization Degree of
time (min) crystallinity (%) diameter (pm)
MCC
0 65.5 44
R-MCC
2 54.6 20
5 48.2 30
10 1.6 19
20 25,8 20
30 12.1 15
-Mce
63.3 16

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

The amount of water absorbed into a tablet and the swel-
ling ratio of the tablets were 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 estitated by measuring. the
change in the tablet thickness caused by water absorption.

These measurements were carred out after cstabhshmg'

apparent equilibrinm.

3. Results 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 gbbreviated as I-
M C R-MCC, and I-MCC, respectively, in the following

- seniences. Tablc 1 shows the mean particle diameters and

--u'

B ‘hc mcan particle diameter and lhc degree of cryslalhm{y
of I-MCC were 44 m and 65.5%, respectively. Those of R-

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

ing time. Decrease in crystallinity is duc to a mechanochem-
ical effect as previously reported by Nakai et al. [14].
However, the particle diamcter 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-

fercoce of the degree of crystallinity between R-MCC
milled by a vibrational rod mill for 30min and I-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 rod mill is the friction

" whilc that of a Jet mill is the collision. Thercfore, the reduc-

“tion: in crystallinity has to be higher for a vibrational rod
il

o At g shows SEM photographs of I-MCC and R-MCC.

" ':;.; shape of the MCC was also changed by pulverization,

* fuiyis, R-MCC particles were almost round in shape, while

I-MEC particles were fibrous.

25

Flg l Sca:u:lmg electron micrographs of I.MCC aad R-MCC (a) I-MCC (b) R~ MCC pulvenz.ed for 5 min (¢) R-MCC pulverized for 10 min (d) R-MCC
puivumed for 26 min {e) R-MCC pulverized for 30 min

5w
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Fig. 2. Water vapor adsorption curves of MCC with varjous degrekiof
crystallinity at 25°C. Degree of erystallinity: 1-MCC: (O} 65.5%; R-¥!1:0}
(W), 37.6%; (A) 25.8%.
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The equilibrium moisture curves of MCC with variois

degree of crystailinity are shown in Fig. 2. The amount of

water adsorbed by MCC at a constant relative humidity
increased with a decrease in the degree of erystallinity.
This phenomenon was caused due to the fact that the amot-
phous region 1s 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 degree of crystaltinity of
MCC. )

The stress transmission from the upper punch to the lower
punch was zlmost at the same level among the MCC sam-
ples. However, the compression energy was lowercd with a
decrease in the degree of crystallinity of the MCC samyits.

A Heckel plot analysis was performed in order to o -

information regarding the rolls of the crystalline r¥:hil
and the amorphous region in MCC to the crushing strengin
of tablets. A Heckel plot-analysis is often applied to cvaluate
the compactability of MCC with different bland-namcs.
However, to the authors® knowledge, no report has been
published to estimatc the compactability of ground MCC
using a Heckel plot.

Table 2 shows the results of calculation of the parameters.
The B value mainly expresses the magnitude of fracture of
the particles cansed after densification by movement and
reoricntation of particles, and yield pressure (/K in the
Heckel 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 MCC particles may
be fractured and deformed plastically during compression,

respectively. The reason why compression coergy was tio-
portional to the degree of crystallinity as shown in Fii: 8.

was considered as follows: the crystalline region with #+fard
T

PR

s

Table 2

Results of Heckel plot analysis of MCC with various degrees of crystal-
linity

Degree of ) Yield
crystallinity (%) pressure {MPa)’
-MCC

65.5 0.1415 232.0

R-MCC

54.6 0.0899 194.1

482 0.0811 191.8

376 0.0751 17R.4

25.8 0.0697 174.0

12.1 0.0663 148.5

"Differcnce between the refative density at the point where measurahle
force was applied snd the relative density celeulated from the intercept
of the Heckel plot linear portion.

The reciprocal of the slope in Heckel plot finear poction which would
reflect plasticity of the sample.

structure: required considerable energy to be fractured; how-
ever, the amorphous region with a soft structure required
relatively small epergy compared to crystalline region,
becausc it only deformed plastically, Table 3 shows the
crushing strength of tablets compressed at 155.6 MPa, it
was recognized that the crushing strength reduced as the
decreasing the degree of crystallinity of MCC. 1g. 4
shows the rclationship between compression energy and
the crushing strength of tablets. The crushing strength of
tablets was almost proportional to the compression encrgy.
These results suggest that compression cnergy may mainly
consume to fracture the crystal region in MCC, and that
fractured crystal region may contributc to increasc the
crushing strength of tablets. In addition, MCC might be
collapsed by strong impact of a rod during pulverization.
Therefore, the number of contact points among R-MCC
particles cach other in a tablet may decrease with pulveriza-
tion time. As the results of this, the decrease in crushing
strength of R-MCC tablets may be observed.

8 100

7'. 0—) |

Compression energy (J}
o

A M 1 -

Stress transmission {%)

4 -— T o
10 20 30 40 50 60 70

Degree of crystallinity of MCC(%)

Fig. 3. Elfect of crystallinity on compression energy and stress teansmis-
sion of MCC, (O), (#): I-MCC; (T), (E): R-MCC.
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Table 3

Crushing strength of tablets compressed at 155.6 MPs

Degree of crystallinily Crushing strength

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

65.5 0.44
R-MCC

54.6 034

482 032
376 028

253 023

12.) 0.22

In previous studies [5,9], the charactenstics of MCC were
comparcd among different brand-named MCCs. However,
the effect of the degrec of crystallinity of MCC on the
compactability could not be detected clearly, becanse the
differences of the degrec of crystallinity among vartous
brand-gamed MCCs were very small, In our study, the rela-
tionship hetween the degree of crystallinity of MCC and the
compactability could be clarified by changing the degree of
erystallinity in wide range for the samc brand-named MCC.
Duberg and Nystrém investigated the effect of the particle
size of on the characterization of a Heckel plot using several
numbers of excipients sicved to a small and a large fraction
[14]). They reported that the difference in parameters of a
Heckel plot between a small fraction and a large fraction of
excipients was scarcely observed. Thesc results in thejr
study supported that the difference in parameters of Heckel
piot among MCC samples may be mainly cavsed by the
difference of degree of crystallinity rather than that of the
particle size.

3.3. Effect of crystallinity on dissolution of tableis

Fig. 5 shows the dissolution profiles of MCC tablets con-
taining acetaminophen.

0.5 1
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Fig. 4. The relationship between compression energy zod the crushing
strenpth of tahlets.
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Fig. 5. Dissolution profiles of acetaminophen from tablets containing MCC
with various deprees of crystellinity. Crystallinity of MCC in tablets: I
MCC: (O), 65.5%; R-MCC: {®), 54.6%; (D), 48.2%; (W), 37.6%; (1),
25.8%:; (A). 12.1%.

Disintegration was not observed in cach tablet except for
the I-MCC tablet during the dissolution test, though the
tahlets containing R-MCC exhibited swelling.

The dissolution rate was decreased as the degree of erys-
tallinity decrcased from 65.5 to 37.6%. Howcver, the dis-
sobetion rates for tablets with a low degree of crystallinity
Grur 25.8 to 12.1% markedly increased. Similarly, the
rrxdint of water absorbed into the tablets and the swelling
rani 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 crystallinity of MCC as shown
in Table 3. In general, the crushing strength of a tablet is
zlosely in corrclated with the dissolution rate, The dissolu-
tion tests, therefore, were performed for tablets whose
crushing strength was adjusted within the range from 0.27
kg/mm® to 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 rmin, respectively. Fig. 7 shows the dissolution pro-
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Swaliing ratle (%)

0 LR SRR A | T 7 1 T T 0

108 20 30 40 50 60 10
Degres of crystallinity of MCC({%)

Tha amount = water Ehgark

Fig, 6, Effect of crystallinity of MCC on the amount of watcr upteke and
swelling ratio of MCC tablets. ( @ }, (): I-MCC; (O). (M): R-MCC.,
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Table 4 an
'
Crushing strength of tablets compressed at various compression force

Degree of crystallinity Compeession Crushing strength
of MCC (%) farce (MPa) {kg/mm?)

1-MCC

65.5 .8 0.30

R-MCC

482 155.6 0.32

258 2334 0.27

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

The dissolution testing for tablets made of J-MCC was
carried oul to evaluate the effect of the particle size of MCC
on the dissolution rate. Although the degree of crystallinjty
of I-MCC and I-MCC were almost equal cach other,’’ 1"'
particie size of J-MCC was apparently smaller than lh' i

I-MCC. Compression force at 50.6 MPa was appllcr.r; 0
prepare J-MCC tablets in order to adjust its crushing
strength to I-MCC tablets compressed at 1556 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.

Thesc resulls suggest that the dissolution rate of acetami-
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 depree of crystallinity
of MCC may become a dominant factor in coptrolling the
dissolution rate of directly compressed tablets including
MCC. We should, therefore, pay attention to the degree of
crystallinity of MCC during pulverization process, because
it may affect the dissolution properties of tablets. However,
drug dissolution rate from the MCC tablet did not linearly
changed with the degree of crystallinity of MCC. Further
studies will be required to clarify this phenomenon. -,

%dissolved

1] 30 60 90 120 150 180
Time {minutes)

Fig. 7. Dissolution profiles for acetaminophen tablets with a pquivalent”

crughing strength. Crystallinity of MCC in tublets: I-MCC: (O}, 65.5%; R-
MCC: (I, 48.2%; (A), 25.8%.

%dissolved

e L a i i i

[+ ao 60 84 120 150 180
Time {minutes)

Fig. B. Dissolution profiles for acetaminophen tablets consist of MCC pul-
verized with a vibratiopal rod mill or a Jet mill. (G), R-MCC; (@), J-MTCC.
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MATERIAL SAFETY DATA SHEET

Avicel® PH Mlcrocryt:taume Cellulose

MSDS Ref. No.: 9004-34-6

FMC Biopolymer i%}é} Date Approved: 01/31/2008

Revision No.; ¢

- &
"T'his docurment has been prepared to meet the requirements of the U.S. OSHA Hazard Communication

Standard, 29 CFR 1910.1200 and Canada’s Workplace Hamrdous Materials Information System (WHMIS)
requirements.

1. PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: Avicel® PH Microcrystalline Cellulose
CHEMICAL FAMILY: Carbohydrate ,j 1 by
SYNONYMS: Mlcrocrystallmc ccllu]ose (INCI name): MCC, ccllulose gel
ALTERNATE PRODUCT NAME(S): Avicel PH 101, 102 511‘93 105, 112, 200, 113, 301, 302, 200LM
L
¥
MANUFACTURER EMER’("}ENCY TELEPHONE NUMBERS
FMC BioPolymer (302) 451-0100 (FMC Plant - Newark, Delaware)
1735 Market Street
Philadclphia, PA 19103 (303) 595-9048 (Medical - U.S. - Call Collect)
(800) 526-3649 (General Information)
msdsinfo@fme.com (Email - General Information) N
For leak, fire, spill, or accident emergencies, call:
FMC Europe NV {800) 424-9300 (CHEMTREC - U.S.A. & Canada)
Avenue Mounier 83 (703) 527-3887 (CHEMTREC - Collect - All Other Countries)

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

EMERGENCY OVERVIEW:

*  White free-flowing, odorless powder,
¢« Powder becomes slippery when wet.

¢ Accumuiation of overhead settled dust may form explosive concentrations in air when disturbed and
dispersed.

P

POTENTIAL HEALTH EFFECTS: No significant health hazard expected.
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Avieel® PH Microcrystalline Cellulose (9004-34-6) : Date: 01/31/2008

ADDITIONAL EXPOSURE LIMITS:

MCC:

Australia (TWA) 10 mg/m?

Belgium (TWA} 10 mg/m® (inhalable dust)

China (STEL): 25 mg/m?

China (TWA): 10 mg/m?

Hong Kong (TWA): 10 mg/m?

Ireland (TWAY: 10 mg/m? (inhalable dust)

Korea (TWA): 10 mg/m®

New Zealand {(TWAY: 10 mg/m? (respirable dust with no asbestos and less than 1% frec silica)
Singapore (PEL): 10 mg/m?

Switzerland (TWA): 3 mg/m? (respirable dust)

United Kingdom (STEL): 1Q mg/n¥ (total inhalable dust)

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

1, ..
2

9. PHYSICAIL AND CHEMICAL:I"—\E:"ROPERT IES

ODOR: Odorless

APPEARANCE: White, free-flowing powder
AUTOQIGNITION TEMPERATURE: Naot applicable

BOILING POINT: Not applicable

COEFFICIENT OF OIL / WATER: (Kow) Not applicable
EVAPORATION RATE: (Butyl acctate = |) Notapplicable
FLASH POINT: Not applicable

MELTING POINT: Not applicable

OXIDIZING PROPERTIES: Not applicable

PERCENT VOLATILE: Typically 1 - 5 % water, by weight
pH: (In sclﬁtioﬂ) 5.0 - 7.0 (11% solids dispersion)
SOLUBILITY IN WATER: (% by Q_céight) Insotuble

SPECIFIC GRAVITY; (sz .=-‘l)‘Bulk density, 0.2 - 0.5 g/ec
VAPOR DENSITY: {Air = 1) Not applicable

VAPOR PRESSURE: Not applicable

COMMENTS:

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