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= Derecho de la Competencia, Propledad
Optlmum Industrial y Comerclo Exterl r

Seiiora Jefe,
DIVISION DE NUEV AS CREACIONES

Supermtendencia de Industma y Comercio

F SD

Referencia Exprdiente N° 03-059764

Asunto Opo wion a la solicitud de patente de Invencion titulada
“COMIOSICIONES DE COMPLEJOS DE
FSTROGENO-CICLODEXTRINA"

Sohcitante SCIT RING AKTIENGESELLSCHAI'T

Opositora GYNMOPHARM LTDA

Pubhcada en la Gaceta dela Propiedad Industrial
N° 546 d¢l 30 de Noviembre de 2004

Yo, Lmis Fernandc k ineén Cuellar, abogado con tarjeta profesional N°©
113438 del consejo suj erior de la judicatura, en mi condicion de apoderado
de la sociedan GYNQPT'ARM LTDA, conformada bajo las leyes de la
Repiblica de Colomiia y domicihiada en la ciudad de Barranquilla,
Colombua, ateitamrent: manifiesto que estando dentro del término de ley y
por orden expresa de n representada, presento oposicién a la concesién
del registro de la patente de Imencion titulada “COMPOSICIONES DE
COMPLEJDS DE FSTROGENO-CICLODEXTRINA”®, sohcitada por
SCHERING AKITI NGESELLSCHAFT, y pido a Usled declarar
fundada esta npusicion v en consecuencia negar el registro de la patente
sohiatada

Calleng AN 5390 1 ~1)614 14186133374 —Fax (571)6 1 4787 |
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t FNTERES PARA ACTUAR

Conforme a lo dispne 10 en el articulo 42 de la Decisién 486 de 2000dela
CAN, estandn dent1 Jel termino estipulado por la ley, manifiesto el
legitimo nteres de naestra representada debido a gue la solicitud
pretendida nu cump.e con los requisitos diSpuestos en la ley-cGmo se
analizara mas adeiyl-. y de ser concedida atentana directamente a la
comeraalizacin tuc  tni representada pretende con la presentacion
farmacéuhca claboi il : zon base en Etimlestradiol + Drosp'renona Por lo
tanto, sohcltn?e;peftum-amente a ese Despacho se sirva tener en cuenta la
presente oposicidn d ntro del tramite adnunistrativo que se surte en esta
Superintendencia

2. FU'WDAMENTOS DE HECHOS

La solicitud objeto de 1n presente oposicion fue presentada en Colombia el
15 de Julo de 2003 venindicando priondad bajo EP00610135 6 del
20/12/2000 v USc0,/ 216 484 del 20/12/2000, cuya fecha de inicio en la
fase nac onal fue el »u.'e Julio de 2003 con publicaci6n 1nternacional N©
W00249675 del 27 de Tumo de 2002 ) fue publicada en Colomba, en la
Gaceta de la Propied id Industrial N© 546, del 30 de Noviembre de 2004,
bajo el numero de jsul liacion NP 596 (pigina 356)

2 2 La solicilud colon baro N° 03-059764 objeto de la presente opasicion,

comprende scgun s+ cljusulas, una composicion que comprende un
complejo entre un :f.rogeno v una ciclodextrina en upa preparacién
granulada en dinde dicha preparacion granulada contiene
polmvinilpirrolidon 1, <l 1 e encuentrg en una concentracién de a lo sumo
2% p/p;v Op.1onz.o Jile uno o mis excipientes, composicion que tiene

Calle t1s, AN 5399 tel  1}6131418-6133374 ~Fax (571)6 4 4, 87
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una estabihdad ta! qu2 dicho estrégeno se encuentra en una cantidad de al
menos 85% p/p con  lacibn al contumido imcial de dicho estrégeno
despues dz un almace namiento por 12 meses a 40° C y 75% de humedad
relativa (RH) donde< :1 rtrogeno se selecciona del grupo que consiste en
etinilestradiol (EE) «-tradiol, sulfamatos de cstradiol, valerato de
estradiol, benzoato ¢+ & iradinl, estrona v sulfato de estrona, o mezcla de
los mismos, donde ¢« «~lrogeno e selecciona del grupo que consiste en
etinilestradiol (EE), - ‘ltamatos de estradiol, ialeratc de estradiol,

benzoato de estrach 1 estrona v sulfato de estrona, o mezcla de los
mismos

2 3 En primera mstan 1 ias renindicaczones referidas al u.=o no son objeto
de patentabilidad a L ' 1z de la norma vigente en Colomhia La Decisién
486 de 11 CAN, en.-1 irtrculo 14 consagra que “Los pafses rmembros
otorgaran_ putentes xra lus mvenciones, sean de producto o
procedimenta, en todes lov campos de ta tecnologia, siempr e que sean
nuevas, kengan ri ! mventivo y sean suscephbles de aphcacién
industrial® (omo tu, ns usos no cstan contemplidos ¢omo objeto de
proteccion, solo lo.  roductos o procedimientos Adicionalmente, el uso
referido en la prew itc olicitud no tiene aphcacién ndustnal, porque
pnmero n. se ob iwa¢ un producto o oroceso a partr del msmo, v,
segundo n» e~ renind u ible o repetible a escala industnal

2 4 Ese mismo articu'o 1} le la Detision 486 de la CAN, se refiere a que las
invencion:s objete di patente deben ser nuevas y tener mvel inventivo
Bien, pues antes dr 1, fi cha dc priondad de esta sohatud se encuentran el
siguiente documente que afectan la novedad y el mivel inventivo de la
presente soteitud

Calle11a AN®53 1 L] s71)613 14 18 - 61939474 - bax (571) 6 24 4787 1 6/
Emal 1y 1 ¢ opimum-co cum  www gplunuin-co con
Rugnia Colombi



2852

- Derecho de la Competendia, Propledad
ptimum Industrial y Comercio Exterior

e D1 EP0349091 3 dc¢ Enero de 1990

e D2 US4727064 21de Fehrero de 1988
e D3 EP0579435 15 d2 Enero de 1994

e D4 WOo002157% 20deah 1de 2000
¢ D5 TS5 98333 2 e Agosto de 1998

Segun el docutri »nto U1 en sus reivindicaciones v ejernplos, se revela
una cumposiciua wtmaceutica 1gual a la pretendida en la presente
solatud, que con r «nde estradiol y/o progesterona y dimetil-beta-
aclodextnna Seg .n ia descripcion, algunos preservativos pueden ser
adictonados a l4 ¢ o1 tposiaén, sumiar a lo rervindicado  Igualmente,
este documento [} . elaciona un <oniplejo entre un egtrégeno y una
ciclodextrina Pc1 .o tanto la presente soheitud 2 Ja huz del documento
D1, carece del reque i de NOVEDAD, dado que lo que pretende ya se
encontraba pubhe .diy mucho antes de la radicacion de la prioridad de
1a sohcitud Colain 14 2

El documento D. lefine en las renindicaciones las mejoras de la
solubilidad en .omposiciones farmacéuticas, mezclandolos con
aclodextrzna Sugt L «¢ afiimy, el enfoque es modificar la eiclodextrina
para mejorar las | romedades farmaceuticas (Véase, columna 1, lineas
26 a 36), st < bjeto pretendido en la presente soliettud Las
composiciones paie 1 uso en la mcneion del dowemento D2 son por
gemplo hormon - sexuales, como el estradwol, progesterona y
testosteror a (Ved-¢ ¢jemplo 4, tablas 2 y 3) Las composiciones se
prepararot par 1 015 s er dichas composiciones en un 50% (p/p) de la
solucién de ciclzd <& 1na Igualmente, este documento D2 relaciona un
complejo entre m esteGpeno y una ciclodextrina De esta manera, la

Calle 117ABR® 536t 1~ 1) 619 34 18- 6123274 ~ Fax (571) 6 .24 47 87 4
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NOVEDAD de L ) 15 ente soheitud objeto de opooicion, se ve afectada
sustancialmente s 10 2jos del documento D2

Por su parte ¢! . mento D3 relaciona i1gulamente un metodo para
mejorar la conjuz: | n de una droga con ciclodextrina, comprendiendo
la suma de wr po.melo Segun varios ejemplos expuestos, esta
anteriotidad revel ' composiciones que comprenden vanas sustancias
ademiés de hidro aopil-beta-ciclodextrina y polimeros CMC y PVP
De nucvo, un «o  m.nto antenor relaciona un complejo entre un
estrégeno v una « | Jexirina Asf las cosas, este docuinento D3 afecta
la NOVEDAD de 1 esente sohciiud

El documento T 4 1slaciona composiciones que comprenden al menos
un gestagen, taf con « el etunilestradiol y ciclodextrina tal como beta-
aclodextrina La ¢ srnpeién de D4 define claramente que ciertos
suplementos, nor wilmente presenies preparaciones farmaceuticas,
reducen la estatnl.d. (« del grstagen Para resolver dicha inestabihidad,
en D4 sc propone u '3 mezc'a de un gestagen con cclodextring, 1gual
alo expuesto en | rvsente solieitud El metodo desento segun D3,
comprende un. 1+« granuincion La conjugacién del gestagen con
beta-ciclodextat 1 1 ,mentb la estabilidad de geslagen notablemente tal
y como se nhscr el gemplo  Por lo tanto, se damuestra que el
desairollo mostris va ld presente solicitud, no es NOVEDOSO con
base en este doetin ento N4

El documento }?  iine un metodo y composiciones farmaceuticas
para reduc la ey w»aac16n por oxidacion del 17 alfa - el ebnilestradiol
comprendicndo ui 4 "umbinando de estradiol con una canhdad eficaz
de uclodextrma I'a hizularmente se describen medicamentos séhidos
que contienen hetmicn s sexuales esteroideas, que se caractenzan
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porque contiens , 1 1~tos de ciclodextrina en polvo de estos prncipios
achivos Las compauciones para el uso en la invencién del documento
D5 son por ewemple hormonas sexuales, como el estradiol (Vease
columna 1, hner , 4 2 reivindicaciones) Asi las cosas, este documento
D5 relacioina . ¢ 1 plejo entre un estrogeno tal como un estradiol y
una cicloderti'ca ' ugl a lo pretendido en la sohicitud objeto de
proteccion Por i t# to ¢este documento D5 afecta la NOVEDAD de la
presente solicitua

Ahora bien, a pa. de dichas anterioridades D1 a D5 es también
posible deducen ¢ 1t cualquier persona versada en la matena puede
combinar loe i+ M wor proporconados y conformar una composicion
que comprende it «nmplejo entre un estrégeno y une aclodextrina en
una preparacion £ia Mtlada en las proporcones indicadas e hecho,
como se demost 1 1t-ag, ¢l combinar un estrogeno con ciclodextrina ya
es amphan cate o™ (1Jo en la téenica, por lo tantn, debe ser claro para
un experto que .l .ar a presentaciones granulare. o proporciones
alternativas o cuir 1 Jc1ones de opcionalmente uno o mis excipientes,
posible deri.2 It de dicho arte antermor Asf las cosas, estos
documentaos coribin dos, afectarian de manera directa el requisito de
ALTURA INVERNTivV de la presente sohcitud objeto de oposicion

En consecienct. v u aruerdo a lo descrnito anterinvnente, se denva
que la sohatud ¢ lambwra 03-059764 no puede pretender un
monopolio por L.l *n.e toda vez que lo que pretende no cumptle con los
tres requisitos 1 ¢ r1 NS para su proteceién

Que por consigu «, ¢ respeclo a la sohaitud pretendida se hene que

212 1 CARECE DI M o DAD >egun la deasmén 486 de ]2 Comumdad

Andina de Nawo.« Artfuulo 16- “Una wmvencién se considerara

Calle11g A™ 53-uu 1 4 11614 4 18-61)33 74~ Fox (57116 _3 4787 6
E-mad n 1 ¢ oMU 1-€0 oI Ww\ DPlImuUM -€0.c0m
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nueva cuando (¢ ¢ tu comprendida en el estado de la tecmica El
estado de la técn. u snmprendera todo lo que haya .ido accesible al
piblico por wiwt descripoion escmita u  oral, ubhhzacién,
comercialacion « cudlguer otro medio anies dc lu fecha de
presentacion du i « Jficiiud de patente o, en su caso de la prioridad
reconocida ” A 1 fe ha de priondad, 20 de diaembre de 2000, ya era
conocido, pucs ¢ » se domostré era parte del srte anterior un
complejo entre un ewuogeno v una ciclodextrnina, con base en D1, D2,

D3,D4¥ 5
2122 NCLA I S, CURA INVENTIVA. Segfin la Decision 486 de la

Comumdad And aa . & Naciones, Arhculo 18 - “Se considerara que una
mvencidn tiene (1t muentivo, st para una persona del oficio
normaclmente vasuda en la materia téemca correspondiente, esa,
tnvencion no hubese-resultado obvia m se hubiese derwado de
manera evidentv : 11+ Studo e la teentca ® A la fecha de priondad, 20
de diciembre d¢ 1 12 a parhit de los documentos D3, D2, D3, D4y D5
en combmacion «- wsible denvar de manera evidente un complejo
entre un exfréget 1° una ciclodextrina en una preparacin granulada

en las proporcicne ncticadas

212 3 CARENCIA DI PLICACION INDUSTRIAL La Decisién 486 de
la CAN consagl- «n <u zriiilo 14 lo sigmente “Los pualses miembros
otorgaran pulcn ¢ muaa las mvenciones, sean ae producto’ o
procedvmento, e tudos lov cumpos de la tecnologia, sieinpre que
sean nuew s, tengur rivel mpenhvo y sean suscephibles, de aphcacién
industiiar Como r 193 nscs no estdn contemplados eomo objeto de
proteccin solo 1~ prodactos o procedimientos Adicionalmente, el
uso refcridn en 1«1 23ente soligtud no tiene aphcacion industnal,

Calle11g A\l ®539r ¥+ =) 6132418 -6133374-Fax (57m) 6244787 7 \1
E mal ne Pl 1 =e0 COm - Www oplimum ¢t com
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2 14.

2.15

porque prmero tt » obticne up producto o proceso a partir del
mismo, y, egun o1 s repi xducible o repetible a eseals iIndustnal

Dado lo anti r1o1 « < 1 wsthle deducir que la sohieitud « lo 1ervmdhicado no
es objeto de paiunta: thdad gues es contrano a lo que dicta la Decision
486 dc la Comu=l | Andima de Naciones, Articulo 14 La soheitud
pretendida ro«cui |1 von los tres requisitos de patentabilidad

Por consigmenh, - » wone=de el registro solintade se inducina al
monopolio de v products que no cumple con los 1equusitos
primordiales exigl it por la mencionada Decision 486

Por todo lo antr =11 1 entamente sohcito a usted que se sirva declarar
fundada la pres.n . 0210 1 v negar ¢l registro Patente de invenadn
denominatts { "MPOSICIONES DE COMPLEJOS DE
ESTROGENC 'L "ODLXTRINA®, sohatada por SCHERING
AKTIENGTUSE{ 1 STHAI, soliatud Colombane que aparecid
publhicada 2n 1a ©3 ¢ 11 d2 11 Propiedad Industriil N° 546 del 30 de
Noviembre de 21 14  n 11 péyina 356, bajo el NP 596

3 PRUEBAS

De confornnday ¢ * 12 disp testo por las norma, vigentes, solicito a

usted tener como mucl . 1 | asunto los siguientes

D1 EPo3quot 3 Envru de 1990
D2 US4—=70M2 > Je!leb-'rode1988
D3 EPo5n74.,5 + J21nernde 1994
D4 WOn0215 1 =0 deabr | de 2000
D5 US570834x 4 o sgosto de'1998

Calleu1g A™ 5j4n v 1) 615 W IB- 6133374 ~- Fax (571" 6 aq |7 87 g
E-tsa] 1 fut o e ) THARM-CO UM - www oplnnuim ¢o coin
%ag 11 Colombn
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4 : I DAMENTO DE DERECHO
Fundamento esta obse.t ¢ i en las normas legales siginente

41 Articulo 42 de 1  eusion 486 de la Comsion del Acuerdo de
Cartagena

42 Enlasdemasno-~ o+ ncotdantes
5 ANEXOS

Para los efectos o res) o+ ¢ ¢ 11te £ aneXo a} presente, aquellas referenciadas en
el capitulo de preebas . Lico'ra los siguientes documentos

51 Rembo d~ pur espechds por el Fondo Especial de esa
Superintencdencis « el cual consta que se ha pagado el valor
correspondicnte '1 ~sa pat tramitacion de esta nposieion

52 Copade la cposici. para el traslado al sohicitante

53 Poder paraactusi  ombre de mi representada

54 Documento que 1ta lo existencia y represcntacion legal de la
empresa
}
’
Calle g AN 5300 1¢' 5n)61334 8-6133374 —Fax (571) 6244787 9 *L
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{ NOTIFICACIONES

Para efectus de n 1+ wacw ne» que por disposicién del articulo 50 del
Decreto 01 de 19834 deb* :  + r su Despacho, informo que 1mi representada y la
suscrita recibiremns n¢ 11 1 L1ones on la Secretana de su Despacho o en mis
oficnas de abogado s lnar as en )i calle 119® N° 53-99 de esta ciudad de
Bogota

Sefiora Jefe,

L O R COON CSELLAR -
C C 79’532 186 de Rori( 7
TPA.113438cA¢1CS,. ¢ TaJ

Calle 119 A\ M\ 5 }-9n $71) 613 3418 5133474 - Fax (571) 6 24 4787 10
Emad v , ' ropumum-co.com  www opluinuimn-~co ~omn
#inguia Colombia
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PODER ESPECIAL

Yo LIS PALACIOS ARAGON, mayor de edad y vecino de la cludad de
Bamanqullla {Colombla) Identificado como aparece al pie de mi fima quien en
el presente documento actua en caldad de Representanie Legal de la
socledad GYNOPHARM LTDA., socledad legaimente consitiuida y domiclllada en
la cludad de Baranquilia ,Colombla por el presente documento otorgo a LUIS
FERNANDO RINCON CUELLAR, abogado fitulado Identificado como aparece al
ple de su firma con tarjeta profesional No 113438 expedida por el Consejo
Superior de la Judicatura, poder especial amplio y suficlente para formular
oposiclones v observaclones a la solicitud de patente No 03-059 764 de tftulo
“COMPOSICIONES DE COMPLEJOS DE ESTROGENO - CICLODEXTRINA"
publicada en la gaceta No 546 del 30 Noviembre de 2004 numero de
publicaclén 596

Nuestro apoderade queda facullado de manera expresa para reallzar todo
fipo de actos necesaros para llevar a cabo el irdmite de la oposicién
Incluyendo sin limilaclén preparar y presentar solicliudes hacer
declaraciones pagar tasas conirflbuclones e Impuestos recabar los fitulos o
cerlificados Asimismo quedan autorizados para Impugnar adminlsirativa y
Judiclaimente todo lo que fuere resuelto en el expediente a que se hace
expresd referengla en el presente poder con todas las facultades generales y

especificas qud fuera requerido para etia f

e
De la misrj gnera ademas de ias facultades qye le conflerd la naluraleza
del presegjte njgndato se encuentran facultados gara recibir desistir transigir
sustitulr aasbimir el presente poder Incoar accibnes Interponer recursos y

RNANDO RINCON CUELLAR
C C No. 79.532.184
TP 113438

Colle 80 No 788 201 Teléfono 371 9900 Fox 373 0811 £ mall sac@gynopharm com co
“ NIT 802 006 279 4 » BARRANQUILLA COLOMBIA

%
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EL SUSCRITO SECRETARIO DE LA CAMARA DE COMERCIO DE BARRANQUILLA,
CERTIFICA

Que por Escritura Publica Nro 3551 del 17 de Dic/bre de 1,997,
t rgada en la Notaria 3a de Barr 1l1la 2z  s--memmmeemmem—e——e— o
inscrita en esta Camara de Comercio, el 18 de Dic/bre de 1,997 bajc
1l No 72,965 del libro respectivo, fue constituida la sociedad

an nima denominada GYNOPHARM 8§ A -------c-ccccemececmeeremnmemecnnna=-

CERTIFICA

Que dicha sociedad ha sido reformada por las siguientes escrituras

y/ documentos privados

Numero mm/dd/aaaa Notaria No Ins o Regq mm/dd/aaaa
532 3/25/1999 Notaria 3a de Barranquilla 80,373 4/13/1999

CERTIPFICA
Que de acuerdo con la{s) escritura(s) arriba citada(s), la sociedad

se rige por las siguientes disposiciones -----------—-c-cmcccmca_---
DENOMINACION O RAZON SOCTAL ---===--—-—-—-mmmm o —mmmeem—aoo—-

GYNOPHARM 8 A ----=vr--====-m----eeemeeeeee—meee— s~ e——————————————
DOMICILIO PRINCIPAL BARRANQUILLA ------—-----cemmee-mmmem—c——aee
Nit No 802,006,279-4-——~=-=- e e mmmee e

MATRICULA MERCANTIL 245,470 --------cccccceccmcercccmmmmmemmmcem e e
CERTIFICA

Direccion para notiflcaciongp judiciales

CL 80 # 78B -201

de la ciudad de BARRANQUILLA
CERTIFICA

DURACION El termino de duracion de la sociedad se fijo en CINCUENTA
( 50) anos, contados desde el 16 de Dic/bre del ano 1,997 -----==--

CERTIFICA
OBJETO SOCIAL a) La fabricacion de capsulas y otro productos simi-
lares a partir de materiales tales como gelatinas u otros de distin-
ta naturaleza, que puedangser utilizados como envases o recipientes
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de productos y sustancias quimicas, farmaceuticas y cosmeticas, Eara
us ag consumo humano y veterinario b) La investigacion, desarr 1l
y fabricacion de toda clase de productos y sustancias quimicas, far-
maceuticas y cosmeticas para uso y consumo humano, animal y wvegetal
c) La compra y venta de meterias primas , insumos y productos inter-
med) s necesarios para los procesos de fabricacion de sustancilas
imicas, farmaceuticas y cosmeticas, asi como la comercializacion
interna y externa de los productos terminados d) La compra, venta,
imp rtacion, exportacion y distribucion de toda clase de elementos
instrumentales y equipos, medicos, quirurgicos, odontologicos y hos-
pitalarios para la salud humana y animal e) Actuar como represen-
tante o agente de personas naturales y juridicas nacionales y ex-
tranjeras en la realizacion de operaciones o transacclones relaci -
nadas con la industria farmaceutica I en especial con cualesquiera
de las actividades descritas en los literales a), b), c) d) antes
transcritos f) Prestar los servicios de asesoria y consultoria en
las areas administrativa, de mercadeo, analisis clinico, asistencia
tecnica, investigacion, costos y produccion exgortaciones, importa-
ciones, ventas, relacionadas con iguales o similares actividades a
las gue constituyen el ocbjeto de GYNOPHARM S8 A , ael como los de pu-
blicidad y promocion de productos quimicos, cosmeticos y farmaceuti-
cos para uso humano, animal o industrial g) Adquirir, operar, admai-
nistrar y exglotar, a cualquier titulo,empresas o establecimient s
dedicados a la investigacion, desarrollo, fabricacion o comerciali-
zacion de productos quimicoas, farmaceuticos, hospitalarios o cosme-
tic 8 En desarrollo de su objeto principal, la sociedad podra t -
mar interes social como accionista, socio o fundador de empresas que
tengan igual o similar objeto, comprar, vender, 1mgortar Y ortar
maquinarias, insumos y repuestos requeridos para el desarrollo de
sus actlvidades, tomar dinero en prestamo,financiar y garantizar las
operaciones comerciales que celebre con terceros relativas a su ob-
jet , celebrar y ejecutar todo tipo de actos y contratos necesarios
para desarrollar sus operacloes, girar, aceptar, otorgar y protestar
todo tipo de titulos valores e instrumentos negociables, comprar,
vender y constitulr gravamenes sobre bienes muebles e inmuebles, de-
signar representantes o apoderados en el pais y en el exterior y, en
general, realizar cualquler acto o negocio que sea necesario o con-
veniente para el desarrollo de su ocbjeto social y para la mejor pr -
teccl n de sus intereses corporativos o lo de sus soclos -----------

CERTIFICA

CAPITAL Nro Acciones Valor Accion
AUTORIZADO
Sewikiiq 000,000,000 00 4,000,000 00 1,000 0O
SUBCRITO
Swnikk4kl 672,646,000 00 2,672,646 00 1,000 00
PAGADO
Sevdad®d 6£72,646,000 00 2,672,646 00 1,000 00
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CERTIFICA

ADMINISTRACION Seran funciones de la junta directiva, entre otras
Aut rizar cualquier acto o contrato cuya cuantia sea superior al
equivalente en pesos Colomblanos a cincuenta mlil dolares de los Es-
tados Unidos de America (US$50 000 oo), liquidados a la tasa de cam-
bl representativa del mercado vigente el dia en que se surta la
agrobacion y para enajenar o gravar bienes inmuebles y demas activos
fijos de la sociedad, cualquiera que sea la cuantia de la transac-
cion Las demas que le sean propias y no esten atribuidas a otro r-
g:gé social y las que le correspondan en virtud de la ley la s cile-
tendra un Gerente General, quien ejercera la administracion
representacion legal de la sociedad y tendra las siguientes atribu-
ciones, entre otras Ejercer la representacion legal de la sociedad
en todos los actos Kécontratos que se requleran para el desarroll
del objeto social, conformidad con lo previsto en las leyes y en
l 8 presentes estatutos Aprobar y celebrar en nombre de la sociedad
tod acto o contrato cuya cuantia sea igual o inferior al equivalen-
te en pesos Colomblanos a cincuenta mil dolares de los Estados Uni-
dos de America (US$50 000 oo), liquidados a la tasa de cambio repre-
sentativa del mercado vigente el dia en que se surta la aprobacion
celebraclon del acto Para enajenar, a cualquier titulo, bienes in-
muebles de la sociedad o constitulr gravamenes sobre los mismos, de-
bera obtener la aprobacion de la junta directiva, cualquiera que sea
la cuantia de la transaccion, o las demas funciones que le corres-
pondan como representante legal por disposicion de la ley, de estos
estatutos o de la junta directiva El Gerente General tendra un su-
Elente, designado por la junta darectava, gu;en lo reemplazara con
denticas facultades en sus faltas temporales, absolutas o meramente
acciedentales, sin que sea necesario para ello acreditar la ausencia
del principal -----------------cmmmcceececcccn e mme e mmm e e

CERTIFICA
Que por Escritura Publica Nro 3551 del 17 de Dic/bre de 1,997,

t rgada en la Notarlia 3a de Barranquilla = -------------—--c-—----

cuya parte g:rtlnente se i1nscribio en esta Camara de Comercio, el 18

de Dic/bre 1,997 bajo el No 72,965 del libro respectivo, fueron
hechos los siguientes nombramientos ---------- e L
JUNTA DIRECTIVA
Principales Suplentes

1 Minski Gontovnik Ruben Minski Gontovnik Meyer

2 Minski Mingki Abraham Minski Gontovnik Jose

3 Weinstein Manieu Alejandro Weinstein Crenovich Alejandr

4 Nicolas Weinstein Manieu Alejandro Aycardi

wkkAhhddkdkd C O N T I N U A *rkkkkikks

262

Aind 1904 FEN JFENEN SELEIA




Fal

CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL

O DE INSCRIPCION DE DOCUMENTOS

CERTIFICA

Que segun Acta No 2 del 13 de Enero de 1,998, correspondiente
a la Asamblea de Accionistas en Barranquilla de la sociedad -~-----
GYNOPHARM 8 A ~------------ - ee~meeercm e mmc e smeee e e c e == -
cuya parte g:rtinente se 1nscribio en easta Camara de Comercio, el 20

de Enero 1,998 bajo el No 73,393 del libro respectivo, fuer n
hechos los siguientes nombramientos -------------———cccccmmmcmea—-
Cargo Nombre Identificacion
Revis r Fiscal Ppal Barros Cerra William Alberto C #####g,715,941=
Suplente del Duarte Diaz Davad C **%%73,115,965=

Revisor Filscal
CERTIVFICA

Que segun Acta No 18 del 30 de Octubre de 2,003, correspondiente
a la Junta Directiva en Barranquilla de la sociedad ---------=-----
GYNOPHARM § A ----=-re-mcmeec— et commmmmmeae e cccaaa=-—-
cuya parte pertinente se inscribio en esta Camara de Comerclo, el 6
de Nov/bre de 2,003 bajo el No 107,783 del libro respectivo, fueron
hechos los siguientes nombramientos -----------—cocommmmmcceeea

Cargo Nombre Identificacion
Gerente General Palacios Aragon Luis Alberto E ##*&s&w319, 6 788=
Suplente del Castellanos Martinez Jorge C **¥%]19, 460,089=

Gerente General Alfredo

CERTIFICA

Que seqgun Documento Privado de fecha 10 de Octubre del 2 000, ins-
crito en esta Camara de Comerclo el 23 de Noviembre del 2 000 baj

el N 1 872 del libro repectivo, consta que el senor RUBEN MINSKI
GONTOVNIK C C No 7 463 982, actuando como Presidente y represen-
tante legal de la sociedad GYNOPHARM S A , otorga Poder Especial,
Ampli vy Suficienta a KAREN JENNIFER FIGUEROA GARCIA C C No 32 -
732 070, gara que en nombre y representacion de la sociedad suacri-
ba todas las declaraciones camblarias a que esta obligada GYNOPHARM
8 A, en el giro normal de sus negocios y operaciones sociales -----

CERTIFICA

Que p r escritura publica No 522 del 16 de Febrero de 1 998,ot rga-
da en la Notarla Segunda de Barr illa, insecrita en esta Camara de
Comercio el 9 de Marzo de 1 998 bajo los Numeros 1 348 y 1 349 de

l 8 libros respectivos, el senor MARIO LOMBANA GARZON CC No 19 -
358 058, quien actua en su condicion de Gerente General de la socie-
dad GYNOPHARM S8 A , otorga Poder Especial a los senores WALTER
TANAKA TATEEKAWA C C No 16 251 923,°s:ra que en nombre y represen-
tacion de GYNOPHARM S A , suscriba todas las declaraciones tributa-
rias, aduaneras y cambiarias a que este obligada la sociedad, asi
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como para que responda todo tipo de requerimientos o solicitudes de
inf rmacion de las autoridades tributarias, aduaneras y cambilarias,
en las ordenes distrital, departamental y nacional, y JOSEFINA DEL
CARMEN MIELES BUELVAS C C No 33 138 497, para que represente a
GYNOPHARM S8 A , ante todo tipo de autoridades administrativas y ju-
diciales en asuntos de naturaleza aduanera, cambiaria, fiscal tales
como contestar e interponer demandas y requerimientos, comparecer en
Juicio, pedir la practica de pruebas, recibir notificaciomes, inter-
poner recursos, ejercer la acclion de tutela, transigir, conciliar,
recibir en nombre de la sociedad, desisgtir, sustitulr, y reagsumir
este mandato Para la celebracion de cualquier acuerdo conclliat ra
o transaccional judicial o extrajudlcial,cualgulera que sea su cuan-
tia, la apoderada debera aportar la autorizacion escrita del repre-
sentante legal de la sociegad La apoderada podra presentar asolici-
tudes de devolucion y/o compensacion de impuestos y rentas reciba
los pagos por devoluClONes ~-~---«-=ccecem- e cccsmecea—m—————— ===

CERTIFICA

Que segun Documento Privado de fecha 10 de Octubre del 2 000, ins-
crito en esta Camara de Comerclio el 12 de junio del 2 002, baj el
2 164 del libro respectivo,consta que el senor JORGE CASTELLANOS
MARTINEZ, identifica con C C No 19 460 089,actuando como repr sen-
tante legal de la sociedad GYNOPHARM S A, otorga Poder Especial Am-
11 Suficiente a KAREN FIGUEROA GARCIA, identificada con la ce-
ula ciudadania No 32 732 070 de Barranquilla, mediante d cu-
ment privado de octubre 10/2000, inscrito en la Camara de Comer-
c1 de Barranquilla bajo el No 1 872 del 1libro respectivo, para
que en representacion de GYNOFARM S8 A, suscriba 1las declaracio-
nes camblarias a los que esta obligada GYNOFARM S A en el giro
ordinario de sus negocios Yy operaciones sociales ------~--------a--

CERTIFICA

463 982, actuando camo Presldente y represen-tante legal de la soci
edad GYNOPHARM 8 A , otorga Poder Especlal, Amplio y Suficlenta a KA
REN JENNIFER FIGUEROA GARCIA C C No 32 -732 070, para e en nombr
e y representacion de la sociedad suscriba todas las declaraciones c

iarlas a que esta obligada GYNOPHARS A , en el giro normal de sus
neg clos y operaciones sociales ---

CERTIFICA

Que en esta Camara de Comercic no aparecen 1nscri€c10nes posteri res
de d cumentos referentes a reforma, disolucion, 1 idacion o nom-
bramientos de representantes legales de la expres sociedad ------
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CERTIFICA
Que su ultima Renovacion fue el 31 de Marzo de 2,004 ~~----c-ceu---
La informacion sobre embargos de establecimientos se suministra en

Certificados de Matricula, la de contratos sujetos a registro, en
Certificados Especiales

NO CAUSA IMPUESTO DE TIMBRE EL SE IO

MARIBEL REYES OVIEDO
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Pharmaceutical composition.

This invention relates 10 a pharmaceutical composition having a formulation and form sultable for nasal
adrmmsiratron, and contaning a sex hormong sslected from 17 5-cestradiol progesterons, and combinations
thereot

17 8-cestradlol |s the most active natural human vesirogen The oral administration of 17g-oestradiol Is
eccompanied by a considerable conversion Into the less active hormone estrone and subsequently inio
other metabolites Thie conversion takes place dunng the absorption from the Intestine and transport
through tha liver {first pass). Thia requires high dosages to achleve the effects desired as compared with
pargntersl admimstration Progestsrone, iao, which is the most rmporiant natural human progestagen hes a
very limited achvity after oral administration by reagon of the metabollem in the gastro-ntestinal trac and
the firsi-paas effect of the fiver

By reason of this Amited oral effectivensss of the natural female sex hormones synthetic dertvatives
have rapleced the natural hormones In virtually all cases

The synthetic derivatives however have an adverss stimulating effect on the protein synthesls of the
iver (posably promoting thrombosis) and exhibit a diabetogenic effect, in conirast to the natural sex
hormones

For the above reasons, there & an ugent nead of sultable, non-oral compaogitions and dosage forms of
the natural fomale sex hormones

Rigg et al J ClinEndocnnol Metab 45 1877 pp 1281-1264, have mvestigated the Intraveginal and
intranasal administration of 178-cestradiol in the form of a mapension in a physiclogical saline solution
intranasal administration proved to bs unsuitable

In US patent 4 383.993, however, intranasal admirugirution 18 yet proposed for both progesterons and
17 -cestrackoi and estere thereof It describes a compodition for intranasal administraion comprising a
soiution of the sex hormones in an Isoionic seline conieining a surfactant, such as Tween 80 as a
solubllizer This publication shows thet the sex hormonss In question can be absorbed nasally in which
connecion it ls doubtiess of importance that the hormones are offered 10 the nasal mucosa in & diesolved
form On account of the apolar cheracter of the natural sax hormonss, particuler measures must be taken to
realize the desired dissolved form such as the use of Twaeen 80 or other adjuvants a9 solubliizers.

Adjuvents sultable for use as solublilzars, however are cften unsuliable for the nesal mucosa andior
havs an Insufficlent solubllity increasing effect. In the first case, a chrorsc therspy with such a composition
Is undesirable. in the sscond case the conceniration of the nstural hormone in the compoaliion 18 too low
so0 that the daosage volume must become too high to bring ebout an elfective therapy

it Is an object of the presant Invention to provide a compostilon sultable for the nasal administration of
t78-vestradiol progestarone or mbdures thereo! which enmsures an sffective absorption of the hormenas
but avoids the above disadvantages of known compositions

This object sz realized, in accordance with the present invention, by providing a pharmaceutical
compasition of the above type which |s characterized In that It also contains dimathyl-2-cyclodextrin

For that mattar dimethyl-g-Cyciodexirin Is iaown per se from German patent appilcation 3 118,218, In
it, it is proposad for dimethyl-g-cyclodextrin to be used for the preparstion of aqueous solutions of poorly
soluble biologically active, organic compounds such as various viamins sterolds. protanocids, locsi
anaesthetics, elc Tha combination of such subsiances, which include for axampie progesterone with
dimethyl-g-cyclodexdrin results In the formation of mtercalation complexes which are soluble n water
Gonorally spaalang, thet publication describes phammacsutical composifons for oral or parentoral admin-
istration Concretsly however, the publicetion does show Infusion aend Injection solutions of verious
biologlcally sctive compounds, but pharmaceutical compasitions with a formulation and form sultsble for
nasal edmmistration are nelther mentioned nor llustrated let alons such pharmaceutical compositions
specifically contaming a sex hormone selected from 17g-oestradiol progesterone and combinations
thereof

The ideas lald down in the German paisni application have not found practical appfication, as will
becomne apparent from the following publications which pont In a different direchon

in Europsan paient application 0 148,197 attenton is directed to major drawbecks reported to be
involved in the use of dimethyl-g-cyclodextrin Specifically the application refers in this connection 1o a
hemolytic efiect and an Iiritant eflect on mucosa end eyes. a higher acute Intravenous toodelty than non-
subsiituied A-cyclodmdrin and practicsl probleme In connechon with sterilization Indeed the publication
recomnmends using & partially etherifled s-cyciodexirin containing hydraxyalkyl groups.

For that mattar the objections raised In European patant appfication 0 149 197 aganst the use of
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dimethyl-g-cyclodextrina have not been noted with pharmaceutical composrtions acconding to the present
invention Ewvdenily the concentrations to be used are 30 low thet no frace of kritation of mucosa Is found
Teste for the inwvilvo examination of the effect of composiions according to this invention on the cillary
movament of human nasal cillery epithellum showed that, uniike Tween 80 containing compositions as
disclosed in US patent 4,383,983 they do not siop cillary movement and are not hermful {see Fig 1)

in addition R Is surprising that the pharmeceutical compositions according to the invention result In a
blological avallability substantially equal to that achisved with intravenous administration In fact, US patent
4,508,785 teaches that the use of the dimethyl-g-cyciodexirin m sex hormone compositions for sublingual
and buccsl administration have virually no effect on the abeomption of the sex hormones, unilke poly-g-
cyclodextrin and hydroxypropyl-g-cyclodexirm That publication too, therefore teaches awasy from the use
of dimethyt8-cyclodextrin.

The wnwvention accordingly relaiss to pharmeceutical compositions for the nasal administration of the
natral female sex homones 178-pastraciol and progesterone with an Incressed absorption of the
hormones ceferred to by combination with tha aduvant dimethyl-A-cyclodexirin. Examples of dosage forms
of 178-oustradlol and/or progesterone suitable for nasal adminlatration are solutions muspansions, gels and
omniments. The dosage forms conteining the hormonea refermed in efther separately or in combmation can
be usad, for example In treating or preventing posimenopaussl condttions such as vasormator symploms
and aeteoparogis.

The word progesterons as used herain, means pregn-4-ene-3.20-dione, and comprises both pro-
geatsrone obialned from natural sources and synthebc progesterone

The word 178-0estradiol as used herain means estrel-1,3,5(10)-trlene-3 178-diol and Includes both 178-
castraciol obtained from a natural aocurce and that cbtained synthetically

According o the presont Invantion it was suprsingly found thet 178-cestradiol and progesterone In
combination with dimethyt-s-cyclodaxtrin can be nasally administered with a blological avalsbility substan-
tially equal to that of intravenous adminisirabon

The following study was undertaken b study the biotogical avaliebility of 174-cestradiol after nasal
administration as compered with intravenous administraion Female rabblis (New Zealsnclers) with an
average weight of about 4 kg were used To suppress a stenustatory reflax during nasal adminisiration the
rabbits were Nightly sedated with 0.2 mi Hypnorm® (i v ) The nesal administration (50 il unllaterally, 1 cm
from the ncstril) was effected by means of a amall flaxdbie polythene hose fbed o a syringe Iv
admunistralion (100 wl) wes in the sural vane Venous blood samples were taken from the aural vena at
reguiar intervals to 2 hours fier administration The two nassl formuiations, the |v formulation and the
control vohicle weve testad m 5 rabblis The composition of the nasal formulahions was as follows a 0 2%
17 s-oustradio] suspension In So! benzalkont et hypromellon FNA and & 02% 178-oesirachol soludon with
2% dimethyl s-cyclodaxtrin In Sol benzafkonil et hypromelioal FNA. The Iv formulation was & 0 1% 178
oesiradiol soluion with 1% dimethyl A-cyclodexirin [n physiciogicel saline. The control wehicte (placebo)
was Sol benzalkonil et hypromeliost FNA The 178-cestrediol sersl isvels wers analyzed by an RIA method
(Phamacis) The results are summarizad In Table 1 and Figs. 2 and 3

calculation % AUC SUCFL.R] . 100% Fi = formul 1-4
AUCFiv,K]j Five intravenous

Fc = placebo
AUCFy,kj-AUCFc,Riy 100% Kj = rabbit 1-5
AUCFiv,kj~ AUCFc, K]

Calculation % F

Thie study shows that, after nasal administration 172-osstradiol |s rapidly and substantially complatsly
talean up n the systemic circulstion without intestinal or first-pass metaballarn

The following study was done to determine the bloavallabufity of progesterone after nasal edministration
relative 10 Intravenocus administration Male Wisiar rata welighing 178-225 grem were anassthetized with
Hypnorm®™ (01 mi100 g) intramuscularty n order to faciiitate nasal administration and to prevent peroral
absorplion the trachee was canulated and the oesophegus was tled o thus canula. Animals were kept lying

267~

on thelr back on thermosiated rugs (37 C) during the experiment Nasal formulations were nstilied ﬂ
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untiaterally through the names using PVC-tubing afftxed to & microltter syringe The compasition of the nasal
formulations was ae follows. a 1% progesterone suspension in Sol banzalionil FNA and 1% progesterons
sohution with 5% dimethyl-g-cyclodextnn In Sol benzalkonil FNA. Thae Intravenous formulabon wia a
femoral vein (20 Wl comresponding to 200 g progesierone) had the same composition as the nasal
progesterona/dimathyl-s-cyclodaxirin solufion The control (placebo) was Sol Benzalcoml FNA. Biood
sampiaa were taken from a canulated femoral artery at regular time intervals. Progestsrone serum levels
wers measwed using a Coat a count® radicimmuncassay kit form DPC (Laboratorium Service The
Nstherlands) in tus rat model nasal administration of the described progesterona/dimathyi-s-cyclodextrin
solution (20 wl corresponding fo 200 g progesatarone) showed an absoluts bloavallabllity of 58.5% £ 15 7%
{n=5) ralative to the Intravencus 1mection wheress the progsstarone suspengon (20 wl cormasponding to
200 progestsrone) showed an absolute bioavallabiiity of only 18.5% £ 13 4% (n=4) Nasal adminmsiration of
the progesterone/dimethyl-g-cyclodextrin solution gives a sgnificantly higher progesierone gbsorption than
the progesterons euspansion (p<0.05).

A nasal formuiation of 0.2% 174-gesiradiol in solution with 2% dmethyl-g-cyclodestrin was given to
wamen (n =8) with estrogen deficlency due to bilateral ovariectomy The formulation was adminlsiored as a
nesal spray In & dely dose of 088 mg 175-osstradiol divided in 2 nasal gifts. Serum 178-cestradiol levely
10 mun eftur nasal administrahon of 034 mg 17g-oestradiol with this formulation were In the order of 3
nmaoll This demanstrates a rapid and good absorpion of 17-oeetradiol from the descnbed formulation
Ciinlcal results were alsa encouraging The patients decided to continue with the nasal formulation Instead
of oral sstrogen substituton

The compealtion for nasal acmimstration acconding to the present invention may be of solid, semi-solid
or lquid form Preferably it Is an aqueous solution In the case of a Iquid form, the concentration of 178-
cestradiol preferably ranges betwaen 0.01% and 5% wiv and most preferably beiween 0 1% and 0 5% wiv
The concentration of progesisrone preferably ranges rom 0.05% to 5% wiv and most prefsrably from
0 1% to 1% wi The concentration of dimethyil-g cyclodaxirin preferably ranges from 0 1% o 20% w/v and
most prefarably from 1% to 10% wiv

The molar ratio of sex hormone to dimethyl s-cyclodextrin preferably rangsa from 18 o 41 and most
preferably from 1.2 1o 2:1

The pH of the composition cen be adjusted by adding an acid base or bufler aolution during
preperation The pH preferably renges from @ to 8,

Prasarvativas such as hanzalkonium chioride can be addaed o the composition Swelling agents such
as cefiulose derivedivas cen be incomporatad in the compoation to form nasal gels

The salution can be autoclaved or steriiizad by means of 0 2 um membrane filration

The nasal compositions according to the lnvention have the following advaniagee.

1 The natural fomala sex hormones are rapldly and virtualty compietely ebsorbed into the aystemk
clrculation through the nasal mucoss, without inteatinal metabolism or fiver firel-pass effect.

2 The sdminatration of the compositions is highty patant-frisnctly which is aspeclally impostant n
long=tarm therapy

3 Dimethyl-f-cyciodaxirin iy tastaless, odouriess, low-itnde and Nitiie Inftating to the nasal mucous
mambrane in the concentrationa usad in the composition and accordingly 13 aafe in long-term use

4, The composition has no significant effect on cillary movement In vitro which s important, bacause
an nhibition of clllary movement affects the nasal delence mecheanism

The compositions according to the present invention can be prepared by dissolving 178-oastradiol
and/or progesterons together with dimethyl-S-cyclodexdrin in 88% slcohol foliowed by evaporation at 40°C
under an Ny stream The dry residue cen be dissolved In an aguecus medium such as 8ol Benzalkonil
FNA, whereafter for mmmple sodium chioride can be added to achleve Isotony

Examgias of typical composthons for the nasal adminstration of female sex hormones according fo the
present invenbon

1 100 mg 178-oestradiol was combined with 0.88g dimethyl S-cyclodexirin nd 045 g sodium
chioride The total volume was made up to S0 ml with Sciuho benzalonl FNA (contalning 001%
benzalkonium chioride and 0 1% sodium edetats)

2 230 mg progesterone was combimed with 212 g dimetiyl-g-cyclodexirin and 0.45 g sodium
chiorida The toial volume was made up o S0 mi with Solutio benzalkonii FNA (containing 001%
banzelkanium chioride and 0 1% sodium edetats)

3. 100 mg 178-oesiradiol and 250 mg progesterone were combined with 3.10 g dimethyl-s-
cyciodaxtrin and 0.45 g sodium chioride The toial volume was made up to 50 ml with Solutio benzalkoni
FNA (contaimng 0.01% benzalkonlum chioride and 0 1% sochum edetets)

4 100 mg 178-oestradiol was combined with 088 g dimethyl-S-cyclodedrin snd 0.45 g sodium

26%
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chiaride The totel volume was made up 0 S0 ml with Sclutioc banzakoni et hypromelioal FNA (containing
0.01% benzalkonium chioride and 01% sodium adetate and 1% maethyfhydroxypropyl celluicss 4000
mPas)

A sultabie dose of the above compoadions can be 0 05 mi to 0.2 mi for a single dose and 0.05 ml to 0.8
mi per 24 hours

The compositions according to the invertion ere not Amited to the above examples. The scope of the
invention ks only determined by the claims

BIOLOGICAL AVAILABILITY (F) In %

Ki | Ke | K ¥a | avernge | Bd

K
0 0 Q 0 0 0
100 | 100 | 100 | 100 { 100 100
-
8

148 88 | 118 o a4 418
47 17 10 7 562 10

© conirol {placebo), nasal @& 17g-oesiradiol, nasal as a
solubon wth dimethyi-s-cyclodexirin (2%) a 17 8-oestradiot
nasal as a euspension < 17b-oestradiol Intravenous as a
solution with dimethyl-a-cyclodexirin {1%).

> ®+0

Description of It__g drawings

Fig 1 shows the effect of 174-cestradiol compositions on the nasal clliery frequency in viiro 4 175
ocestraciol (0.01%) m polysorbate 80 (2%) according to US petent 4,383883, O 178-cestradlol (0 1%) In
dimethyl-g-cyclodexirin (1%) ® Locke Ringer {(controf) clilary tissue washed In Locks Ringer

Fig 2 shows the average serum concentration-time curves of 178-oesiradial in rebbits (n=5) after
nesal and Iv administration. O conirol (placebo) nasal @ 100 jig 178-0estradiol nasal 28 a solution with
dimethyrs-cyclodendrin (2%) a 100 ug 17g-cestradiol nagsl, as a suspension, + 100 1ig 17 5-oesiradiol
Infravencus, a8 a solution with dimethyl-A-cycladaxtrin (1%)

Fig 3 shows the surfaces (AUCe) under the sarum concentration-ime curves siter nasal end rv
aedminisiration of 172-osstradiol Left axis. absoiute (ng.min‘ml} Right ads relalive o Iv (=2100%) O
cantrol (placebo) nasal © 17g-cestradiol nesal as a aoiution with dimethyl-S-cyclodextrin (2%), a 175-
osstrediol nasal as a suspension + 17g-gsstradiol mivavenous &3 a solution with dimethykg-cyclodextrin
(1%)

1 A pharmaceutical compasition having a formulation and form sultable for nasal edministration and
containing a sex hormone selected from 17 S-oestradiol, progesterons and combinations thereof characlar-
Lead in that & also contains dimethyl-g-cyclodendrin

2. A pharmaceutical composition ss claimed In claim 1 charactarized by containing 025-8 males of
dimethyi-8-cyclodextrin per mole of sax hormone

3 A pharmaceutical composition es claimed in claim 1 charactenzed by containing 0.5-2 molea of
dimethyl-a-cyclodexirin per mole of sex hormone

4, A pharmaceutical compoattion as claimed in any of the precading cleims characierized by further
containing a prasarvative, such as banzalkonlum chioride, an lsotonicity agent, such es eodium chioride e
complexing agent, such as eodium edetate andior & swalling agent asuch es methyhycrxypropyl cellulose

8§, A pharmecsutical compostiion as claimed in any of the precading claims characterized in that It has
the form of an aqueous solution containing 0 01-5% (w/v), preferably 01-0.5% (w/v) t75-cestradiol and/or
0.05-5% {w/) preterably 01 1% (w/v) progesisrans m combination with 0 1 20% (wA\) preferably 1-10%
{wh) dimethyl-g-cyciodexirin
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1

PHARMACEUTICAL FREPARATIONS
CONTAINING CYCLODEXTRIN DERIVATIVES

Ths apphicanon ia a contmuation-in-part of pending 5

Sex No 603,839 filed Apni 25, 1984, now U 8, Pat. No
4,596,793
Thwe nventon propara-

compmaes pharmsceutical
tions consistmg generally of a drug with x substantlally

low water solubllity snd an amorphous, water-soluble 10

cyclodentrinbesed muxiures. In these preparations a
stuble amorphous state can be schieved and that 1m-
proves the dusoluticn propertes of the drug and hence

its absorption by the body The required cyclodextrin s

based mixtures were prepared from a, 8, or 7y

which were rendered amorphous throngh
non-selective alkylaton. The alkylatwon agents sustable
for that purpose are exemphiied by propylenc oxde,
glyedal  wdoscetamude, chlomacetate, or  2-die-
thylamuroethyichlorde; theiwr resctions with cyclodex-
rmg were pecformed in 3 manmer to yreld mixtares
contanng Dumy compooents, 3 circumstance which
effectzvely prevents crystaliisation processes withm the
above pharmaceutcal preparation.

Thu method of maprovement of pharmaceutical
preparshon camprues the addition of crystalime drugs
with substantmly low solubility to compounds whuch
have the characterntics. () are water-soluble

following
cyclodestring, (b) have the ability to form wcluson 30

compleres with the drugs m qoestwon, {c) are Intnnn-
cally amorphous and substantally decrease the tem-
dency of the drug to crysialiize. The above sddition
rerults 1 an muproved solubility of the drug compom-

tiom 10 question and mare efficient absorption of the 35

drug by the body

The parent cyciodextrins sre converted by alkylation
with, e.g., epoxides or orgamic halides mio mixtures of
substntuted cyciodexiring. These muxtures of cyclodex-
trin derivetives, after separation from conismunstng
products of self-condensation of epoxides or halules, are
used as such, 1., without wto the individoal
cyciodextrin denvatlves. Use of such waler-soluble
ouxturey of cyclodextyin derivatives 1 pharmeceatical

preparations enables siabllization of the amorphous 45

state and leads to better shesorphion of drugs by a bady
BACKGROUND OF THE INVENTION

This mventxon 5 divected to the method of conver-
sion of drug compontions wiach themselves are crystal-
Iive and of low water-golubility Iato intringcally wrmor-
phovs complexes which bave unproved phanmacesiical
properties. Thus convernon is achieved by inclosion of

the sbove drug compositions into water-soluble, multi 44

cumponent muxtures of cyclodexirm denvatives. More
particularty, the mvention {s related to copending appl-
cation Ser No. 603 839 which concerned cyclodeatnng
and sex hormones.

MATERIAL INFORMATION DISCLOSURE %

Cyclodextnos sre cyclic oligomers of glucose; these
compounds form incloson complexes with say drug
whose molecula can fit into the Upophile-seeking cavi

e of the cyclodextrn molecnle. Cyclodestnns are 69

crystallme and 5o are therr complexes with druys, and
these complexes have somewhat mmproved water solu-
hihhies compared 1o the drugs themselves. The latiar

2

muprovements are the subject of reviews and of numer
ous patents (J Szepth, "Cyclodextring and Thewr Loclu-
sion Complexes,” Akaderumi Kmdo, Budapest, 1982,
pp. 204-232 J Pitha, L. Szente, and § Szeidi, *“Molecn
lar Encapsuistson of Drugs by Cyclodestnos and Con-
geners,” in Controlled Drug Deliver S. D Bruck, ed
CRC Press Inc., Baca Rawa, FL, 1983, pp. 125-148)

Chemical modifications of cyclodextring have been
widely performed, with a few exceptions neverthelesy
the aim was of another mdividual crystal
lne compound (M L. Bender and M. Kom|yama, “Cy
clodextrin Chemntry Spnoger-Veclag, Berlin, 1978,
Pp- 29-32). Condensation reactnoms of cyclodeatrms
with various epoxldes or organc babdes yielding com-
pounds which are principally sumiar to those presently
used have been known (1) electronsutral, soluble cy
clodextnia denvatives were described by Parmerter et
al, US Pat No. 1,453,259, July 1969 Gramecrs et al

20 US Pat No 3455, 731 Aug. 1969 (2) cationic, soluble

cycladextrin denvatives were descnibed by Parmerter
et al, US. Pat. No. 3,453,257 July 1969 and (3) insolu

bla, crosslinked cyclodextrins were described by Solms,
U.S. Pat. No. 1,420,788, Jan 1969 The above mistures
have not heen med to cbtatn amorphous and water-30l-
uble pharmaceuntical 5 Water-inwoloble
{cxomlinked) polymers of S-cyclodextnns were previ-
omly tested as tableting additives (E. Fenyvedd, 2 ul,
Chem. Pharm. Bull 32:665 1984; E. Femyvem, et al,
Chem. Pharm. Buil 32:670, 1984). Furthermore, crom-
linked a-cyciodextrin was previoonsly ueed o the prepa-
rabon of sustmined-release formulation of perillm
(Japsnege Kokm Tokkyo Koho Patent No. 82-130914).

SUMMARY OF THE INVENTION

Dissolutiont properties of drugy may be improved by
thexr convermon 10 an amorphous state or by complex
abon with cyclodextyma The present invention com

40 bines thess two moprovements described is the prepara-

tion and use of muxtures of cyclodextrm derivatives
wiuch are intrinsically amorphous, water-soluble, and
capable of forming inclusion compiexes waih drugs
These cyclodexton muxiures effectively solubitee hpo-
phibe drugs into aqueous meds The solunoas of these
cyclodextrm muxiures are non-irmitetmg topically and in
difference to the solations of cyclodextring themselves
do not mpport pucrebml growth. Thus, these com-
pounds sre well auted as addittves/solubilizers i top-
cal preparationa. The solubons of the above cyclodex-
tnin muxtures furthermore have very low toxicity, both
systemic and local, when applied parenterally Thus,
they are well suted as additives for parenteral prepara-
trons. Furthermore, when solutions of these cyclodex-
tnp mixtures are saturated with drugs and then evapo-
rated or freeze-dned, soluds are obtuned which dssolve
eanly apd completely and are stable for an extepded
perind of tme. These sohds cua be ather directly tsb-
lcted to ywild products well swited for aral or buccal
admmistration or processed nto suppomitones

The cyclodaxinn sdditives may be nthzed m welght
percent of wnmlly about 40-60% of the drug scluuon
componiion and may be yhiized fram about 5-95% of
the drug solution compomtion. Actual working models
of the cyclodeatrm derivatives are set out 1n Table 1
which shows some of the preferred as 40-50% of the
drug solution composition.

xp
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‘TABLE |
Solubllizstion of Variows Drugs
Balulrilby m Sl i solution
Drug water (mp/ml) _Solubilizer! (conc. In waier) Solubllity (mg/mi)
scutumdopien 1 hyd tin (509%:) 670
apomorplame 2 yelodextyin (509%) 1160
butylated mene: ussaloble hydroaypropyl-a-cyclodexisin (409%) 0.3
buiylsted hydruytoleens maluble b 1-A-cyclodexinn ($0%) 30
butylated h Inmiuble hydroxypropyl-y-cyclodeston (40%) 02
chiorimidone 0.2 roxypropyl-S-cyciodesirin {50%%) 10.5
cholecaleiferal <023 hydroaypropyl-S-cyciodextzin (509%) 100
Jezametinmons o1 hydroaypropyl-A-cyclodextria (S0%) Mo
dicomaral <13 --cyelndexixin (S0%) 13
digoxin hydroxypropyl-S-cyciodestrm (30%) 430
diphenythysdantom aon ) 17
ontrachot <l6 hydroxypropyl-S-cyclodextrn (40%) 0
eateachol <15 tnn (309%) 50
aeradlol <16 carboxymethyl S-oyciodentrin (50%) 10,0
entriod <13 hydrox: lodeatrin {30%) 410
etkinylestrucal-3-mathyi ether <15 hydrozypropyl-f-cyclodeann {(50%) e
ethnterone <01 hydraxypropyl-A-cyclodestrin (509%) [ Y]
furosemde uop hydmaypropyl-g-cyclodestrin 17
hydroflomethinzide 03 bydroaypropyl-f-cycindestrm 9)
wdomethocm om? hydroaypropyl-f-cyclodastrm (30%) 42
phosphate 2 h yelodentrin ) 930

17-metiryitestosierono <Ql? hydrouypropy|-S-cyclodextrin »o
nitrogiycarin 125 yclodexirin (; &7
nhroglycem 129 lodextrin! (0%) 104
nitroglycerin 138 hydroxypropyl-y-cyciodextris (4055) 2.0
norethindrose 29 hydroxypropyl-j-cyciodextrin (5096) &5
uvnbas 13 (30%) 0.0
oxprenolol 17 {50%) 1330
progesterans 0018}  hydroypropyl-S-cyclodestrin (40%) Mo
retinal <007 hydroaypropyl-f-cyciodentrin ($09%) 18
retisole scid, aB irans <oar Eydroaypropyl-f-cyclodeatrin (40%) 0a
retimolo acld, chotine wil of bydroaypropyl-f-cyclodastrin (40%) 18
all trens
retiooee aesd, ethanalemiae mit CA0%) and 4
of all trams ethenoleming (19%)
retiacet acld, sodium ealt of (40%) 1.6
ofl trams
retiool <010 h (4078} 13
spuronolactone a0 hydroxypropyl-A-cyclodestnn (40%) 20
salpinde <021 ydroxypropyl-f-cyclodesin (SO%) wo
e owsrone 026!  hydroxypropyhS-cyclodextrin (409) B0
tastostarona 0¥  cubnsmidomet WO
tastostarone 026  curboxymethyl-f-cyclodexivin (30%) Mo
1heophyiling 3 hydroxypropyl-f-cyciodextrin (309%) 110
scyciovir maoluble bhydronypwropylfi-cyclodestrin {(30%) 13
clorkiine bydrochloside hydron (50) (1)
t=stostarons 0.026'  chydmaypropyl-S-oyalodestria (40%) 50

DESCRIPTION OF THE FIGURES
FIGS. 1(A and H) shows the activity of denvatives of

cyclodextring on the forearm with a band-sd patvh 30 complexes with

Iack of topical irritation. On the left 1 2 photo-
gruph of the forearm with band-aid patches wetted with
wotonic solutions m water of AL 16 (carboxamidometh-
yl-A-cyclodextrin), AL11 (carboxymethy

nght » the forcarm band-mds were removed after
18 hours of exposnre

FIG 2 shows the dissolution of testosterons from o
tablet made from testosterone/hydrox
cyclodextrin complex (—8—) or from a tablet made
from testosicrone-mmcrocrysialline celinlose (—O0—).

PREPARATION OF CYCLODEXTRIN
MIXTURES

Surtability of cyclodextrms as pharmacevtical ad-
dinves/solubnhzers can be conmdersbly mmproved if
these are converted to mxtures of derivatives which are

ypropyl-8 60

Academie Prags, New Yok (1976, p. J&

highly soluble and retain the capacity to form mclumon
Such muxiures may be prepared
by alkyiation resctions winch lack chemoselectivity
and sterecselectivity and Introduce hydrophilic substit-
uents. In the emmples are shown sach alkylationa.

Tables 1-3 below show solubality or dumsolution of
vanous compounds uader optioa of cyclodextnn denv-
atives.

Systemic and Local Tonaty of Cyclodextrin Deriva-
aves

The lack of topical irritation of the above cyclodex
trin derivatives was tested by wettmg a band-aid with
their motonic solutions and by apphcation of that band
aud to the forearm for about 18 hours. The representa-
tive results can be in FIG 1.

The Iack of parenteral tomerty of the above cyclodex-
trin denivatives wus tested by mntraperitoneal injection
1o mice; the followmg results were obtaned.

{a) Two diiferent preparations of hydroxypropyl B-
cyclodextnn were tested The first preparation (dearee

>
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of substitution 6), m doses of 10 g/kg, was without  ylene oxide, the solution was stirred overmight st room
lethal cffects (4 amumals). The second preparstion {(de-  tpmpersture Thereafier the alkmbine solutian was neu-
prec of substitubion 8), st 6.3 g/kg, resulted s 2 deaths  trahzed by concentrated hydrochlonc acid and evapo-
(lﬁerd-dl:u):lmns-ml.ll”mﬂﬂ‘ ; rsted 10 vacoo to the consistency of thick syrup The
aninals survy

syrup was dissolved m ethanol (1 3 L) and left standing
() Dicthylamunoethyl-A-cyclodextzin at 4.7 g/kg—1
den r s N)I o A ;pmlﬂmndhmcﬂoﬂeﬂ:hchwaubwqumz
animals survived and the rest was dissolved in water The solation
(c) Carboxymethyl-f-cyclodextrin at 3.8 g/kg—no vacuo
leaths, 3 . h mwuencluludmdlalmtumn;mddhlyudfurz-l

hours agamst water The dmlyzed solubon was then
y&?_zcmhymm;‘;y:; ﬂf: clarified by centnfuguntion and freexe-dned. The result-
snumals survived. "8 mg white powder (282 g) contmuned 5.29% water (mea
The lack of oral tomeauty of bydroxypropylg-  9red by waght lom), 0.65% of morganic rendue (by
lodextnn snen apphcs- ashing), and 0.37% of chlonde (elementary analysis)
ﬁhmmﬁm"m m:gh"h;m,._ 13 Upon prolonged standing water content mcreased W
Demtutern Eftorts of Cirionios Dttty 7-4% but sppearaace of the compound (white pawder)
Effcciivenesa of cyclodextrin denvatives in asmsting oo 0ot changed By prolonged tnturation of this pow
dissoluton of drugs is satisfactory if (2) & substanbal  dar with acetone, the products of self-condensation of
part of the drug molecule can be fitted into the hydro- 2g Propylene oxude, wiuch contaminate the demred hy
phobic cavity af the cyclodextnn molecule, and (b) the ~ droxypropyk S-cyclodextrm, can be removed The
gm&&mwy(mm mhwotit';::we@wwm1 tl:lynvmmou
ral Information Duclosure sechan), the present efforts of the amounis of reagents the substitution degrees were
have been directed to dividing drogs huto caiegories 35 msmipuisted. Purther or alternative punfication of hy
droxypropyl-f-cyclodextnin consisted in the prepars
wﬁ?‘udmmmh-fwmn- toa of clear solutions of the raw matcnal 1 water or
uves of every categary ethanol end additcon of volames of a nonpolar
Improved Absorption of Drugs from the Prepars=  olvent (e.g., ncetone) wmmpm :he desired
tions Deacribed Above
The princzpal mprovemsnt of absorption of 2 drug — gyigituted cyclodextnns and products of self-condenss-

a crystalime sinte into an amorphous siate 13 generally winch they caa be recovered by evaporation, leaving

oily hqudd In a nepresentative experiment, precipiation
TABLE 2 35 yielded 8196 of the demved solld bydroxypropyl g
Solubilityes of Siarolda in 30% Aqueoms cyclodexirin (degree of substitution 7 by nuclear mag-
Soluiom of Samples netic resonsnce and 8.02 by mass speciroscapy) and
18% of cily liguid contamung aiso hydroxypropyl-g-
dad7 dsl7 dalo 41 M cyclodextrm (degree of substitunon 16 by nuclear mag-
Butradiol : :" g :: 40 petic resonance and 11 3 by mass spectrometry). When
m"m 5 a1 «© 5 condengation of propylene azule with ‘y-cyclodexlrin
was performed with a hugh ratwo of the former to the
Istter, products were precipliable by cyclohezane bat
TABLE 3 “mbynMManholldhqmdl(md
Solubitities of Steralds (mg/ml) in 30% Aqoeom substitution 14 by muclesr magnetic resonance)
v Sokmtions of Substitytnd Cyclodastrrs |
s EXAMPLE 2
Cothoxumido-  amiwoothyl  Corboxymethyl Related O-alk -
popviodens_ poycodutrtn _poycloderrs m""“"‘“’" yistion of cyclodestans
E"'"""I,I » " " % Basically the same conditions ss above were used also
Testcatarone “ 9 M for condensation of a- or y-cyclodextring wath propy-
lene oxxde; degrees of substitution achweved (by ouclear
magnetic resonance) weve cloae (o0 those descobed
EXAMPLE 1 43 bove. PLE3
Preparation of hydroxypropyl-B-cyclodestrm EXAM

Sodium hydroxide (1057 g 2.6¢ moles) was dis- Related preparstions O-alkylation of cyclodextrms
solved 1n 750 ml of dutllled water and to thus solution ~ With organic balides.
was added f-cyclodextrm (346.4 g of commercial prep- The procedures analogous o those sbove were alyo
arahon contalnmg 13.49% of water; La., 300 g of anhy- 60 wsed for condanmtion of S-cyclodextrin with the fol-
drous compousd corresponding to 0.264 moles). Sus-  lowing hydroplulic alkylstng agents (s) diethylsmeao-
pension was stirred at 60° C mnul all ycyclodextnin  sthylchloride-hydrochioride yielding dicthylammoceth
was dissolved. Thereafter solution was cooled to room Yk fA-cyclodextrin, the degree of substitubion m the
:gm“draﬂ“m.ﬂluwlﬂldryb prodnct was about 3 5 (calkculated from nitrogen con-
acetone mixture, was sitached. Then propylene omde 65 teat), (b) chlorcacetic acld yielding carboxymethyl-g-
(redistllad, 185 ml, Lo 153.3 g corresponding to 2 64 cyclodexinn; the degree of subatitution 11 the product
molex) was added, in fast manner but with necessary  was abont 4 (calculated from sodium content) (c)
caubions, 10 the stirred solutioo. After addition of prop-  wdoacetarmde  yelding carboxamdomethyl A

3
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7
oyclodentnn, the degree of substitutton 1n the product
was sbout 3 (calculated from mitrogen content)

EXAMPLE 4

The solutions of solubthzer in water were saturated 5

by stunng with excess of drug st room tempersture for
sbout 24 hours. The resulting suspensons were clanfied
erther by Aitration through a sintered glass filtor or by
centrifagation. Concentraticn of hormones m clanfiad

solutions was messured spectrophotomutrically Repre- 10

seniative results ars m Table I, ante. In these
expenmenis drugs were solubnlized with cyclodextrm
denvatives with consiant degrees of sobstitution and
which are given m the footnote to Table 1 In Table 2

are the results on the solubihization of sex hormones 15

with hydroxypropyl-3-cyclodexirin samples of differ-
eat degrees of substritution. It t apparent that samples of
hydroxypropyl-g-cyclodextnua with medrum degrees of
substitution (5-7) are more effective solubalzers than

those of higher degrees of substitution. It shonld be 20

noted that while the former derivatives are sohd xnd
sutable for tableting purposes, the Iatter are semisolids
ot Hquuds, The regults on the solublhzation of sex bor-
mones by cyclodextrin denvatives contanung carboz-

ammdo or dethylaminoethyl or carboxymethyl substtu 25

ents are summarized m Table 3 It is apparent that the
carboxamido methyl derivative 18 a relatively potent
solubhizer; nevertheless, comparison with the results in

Table 2 show that the potency of hydroxypropyl con-
talning derivatives has not been surpsssed

BXAMPLE §

The above soluticns of drogs n cyclodextrin derva-
tives were atable when kept at room temperature for

several moaths and no mucrobul growth on the solu 35

tons was ohserved When freoze-dnied, the solutions
which were prepared umng sold denvatrves of cy-
clodextrins again non-hygroscopic, siable pow-
ders which were found suitable for tableting by direct

The tsbiets prepared m such a manner 40

cOompresnon.
again dessolved compiately 1n water ss docomented by
Example &

EXAMPLE 6

Using a die of 09 cm dlameter and a force of 3000 45

pounds weight exerted in a angle-station hand-opemated
unit, the tablets were made directly from the freeze-
dned solutzona of drugs prepared as described sbove. In
one such expernneny tablets welghmg sbowut 130 mg and
containing 10 mg of testosterone in
were made. These iablets were stored for up to 16
maonths at room temperature in a well-closed gloss con-
taner without any detenoration and were thereafter
tested for dissoluton properties. In the dmsolubon ex
penments a (ablot wes submerged
of stamless steel mesh in a bath of water, at 20 C amd
snk conditions. As noted In FIG 2, the complexed
testosterone tablets dissolved completely with ¢ min
utes, whereoas similar tablets prepared from testosterone

ndmrymﬂluulhlmdumtdaumwm

cally any testosterone into the aqueous phase.
Defimbons
The term ‘“muxture of subsituted smorphoas cy-
clodextnuns™ i direoted towards where there 18 more

than one cyclodextnin and where there 1s more than one 63

degree of substitution which will vary feom a preferred
range of about 3 to about 7
1 clamm

form S0

m & besket made out 5%

8
1 A method of producing o stablmng amorphous
complex of a drug and a nuxture of cyclodexinms which
comprises the steps of
1 Dissolving an mtrmucally amorphous mixture of
cyclodexinn deratives which are water soluble and
capable of formmg wclunon complexes writh drugs

m water; and
2 Sotublrzmg i into the aqueous media
to form a solution end form a solublized drog/cy
dodeztmcumm.
2. A method of ¢ 1 wherein the solubilized com
plat is subjected to freeze-dried or evaporaton to pro-

m‘ sohd cyelodextne/drug complex m powder

3. A method of clamm 1 wheran cyclodextnns used
are substituted by at lenst one of the following subststu-
enty. hydroalkyl, carboxamide, diethylammoethyl car-
boxymethyl and carboxyamidomethyl

4. A method of clamn 1 wherem the drug s a hor-
mone

5. A method of clam 4 wheren the drug s testoster
one, an estrogen, OT & Pro|

GAmpﬁmomem.nlmr-
phous complex of cylodextnin and a drug.

7 A ompomtron of matter of clamn 6§ wherein the drug

18 2 hormone.
8 A of claim 6 wherem the drug 1s at
testosterome, progesterone, and sn estro-

least cne
genic drug.
of matter of claim 6 m solxd form
10. A composition of matter of clum 9 which s a

9. A com
of matter of claim 6§ whichm in a
hqudmhgmdrcm.
12 A compasition of matter for use 1 the process of
clum 1 contaimng a mxture of substatuted cyclodextnn
denvatives 1n amorphous form
13. A compomtion of matter of clwm 6 wheremn the

A compostion of matter of clum 6 whereln the
1 a salt of retinoec acid
composinon of matter of clum 6 wherein the

A
na
A. composition of maiter of clam 6 wheremn the
is a splronolactone.
17 A composition of matter of clam 6 wherem the
dr::unmtlvnlqem.

A compomiiaon of matter of clum 17 wherem the
antiviral agent 13 acylovr

19 A composihon of matter of claim 6 wherem the
drg.hldlurehc.

A com of matter of clarm 19 whereun the
diurenc = ¢ idone

21 A composition of metter of claum & wheremn the
drug 1 an antcoagulent.

A composition of matter of claim 21 whereln the
anticosgulant 18 dicumerol.

3. A composition of marter of claim 6 wherem the
drug Is an annheonvuisant
duAmpmilllionofﬁnuofdﬂmzswhm the
rug w diphemylhydan
A composition of matter of claim 6 whersn the
is an antiinflammatory agent.

A compomiion of matter of cleim 23 wheren the
sgent 18 proomzid.
Ampouﬂo:ofmn«ofdmldwhmthe

F ]
drug

26.

o oxyprenolo

"]
drg A compomtion of matter m sohd or semi-solxd
form at least one of testosterone, progester
one, and estradiol o an melusion complex wath poly A
cylodextm and/or hydroxypropyl 8-cyclodextnn
adapted for Iﬂlﬂh‘lll-l'lll-oll:!y I:uml route
L

230

X
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9 Cyclodextrin complexation.

@ The Invention providea a method for enhanc-
ing thea complexation of & cydodextrin with a
ipophilkc end/or waterlablle drug compnming
combining from ebout 01 0 abut 70%
{weight/volume) of a cyclodeuirin and from ab-
out 0.001 1o about 5% (weghtvolume) of a
pharmeceuiically accepteble  phamnacologi-
cally Insciive walsr-soluble polymer in an
aqueous medium the polymer and cyclodexirin
baing dweecived In the aqueous medium before
the drug s added the aquecus medum which
comprisgs the polymer and cyclodextrin belng
mamteined at from about 30 to about 150°'C for
a period of from about 0 1 to about 100 hours
befare during andior after the duf) = edded
opiionally followed by removal of watar Related
methods co-complexes of drug/cycodext
rin/polymer  pharmaceutcal composione  and

complaxas end compositions in which the drug
[s repiaced with a food addiive cosmetic add-
tiva or agrochemical are aiso dascribed
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Fleld of the Invention

The present invention relaies to the use of certain palymers In the preparation of cyclodextirin-drug com-
plexen as a means for increasing the solublizing and stabllizing effacts of cyclodextrin derivatives on drugs
and complexation therewith Pharmaceutical compositions comprising complexes prepared according 1o thees
mathods ane characterized by fast and efficlent drug releasa The inventlon further relates to polymer/cyclo-
dextrin complexing agante Stil further the iInvention relatea o ues of the palymena to Increase the salubilzing

and stabiizing effects of cyciodextrine on food additivas sgrochemicals and chemicals used in cosmetics and
complexation therewlth

Background of the Inventlon

Formulation of pharmaceutical desage farma s frequently hampered by the poor aqueous salubility and
siabiily of the drugs, which In turn can severely imit thew {therapsutic application Alsc the slow dissolution
of solld atato drug formuiations and the side-sffacts of some druga result from thelr poor aqueous solubfiity
Drug degradation products, farmed in the pharmaceutical dosage forms can also result in severe side affects.
Increasing drug solubllity and stablity through appropriate formulation can thua, lead to increased therapsutic
efficiency of thu drug Varicus methods have been used to increase the solublity and stabilty of drugs such
aa the use of organic solvents, smulsions lipcsomes and micelles adjustments of pi and the dielectric con-
stant of the scivent ayatem chemical modifications and complexabon of the drugs with appropriate complex-
ing agents e g cyclodextrina Simllar approaches have been taken 1o increasa the solublity and stabiity of
food additives agrochemicals and cosmetic additives

Cydodexirina were fwst isolated by Villers in 1891 as a digest of Bacifus amylobacter on potato starch
[see A VHliers Sur e farmentation de le fécule par | acton du ferment butyriqué C R Acad Sor 112 536
538 (1891)], but the foundations of cycladextnn chemlairy were laid down by Schardinger m tha period 1803-
1911 {see for example F Schardinger Uber thermophlle Bactarien sus verschledenen Speisan und Miich
sowie iiber elniges Umsetzungsproducte darseiben In kohlenhydrathaltigen NBhridsungen darunter krysiall-
sierta Polysaccharide (Dexdrine) aus Strke Z Unters Nahr GenuSm & 865-880 (1903)] and much of the
older hterature refars to cyclodexirine a3 Schardinger's dextring Unt# 1670 only small amounts of cyclodexirins
could be praduced in the laboratory and the high production cost preverted the usage of cyclodextrins in In-
dusiry In recent years, dramatic improvaments in cycodextrm praduction and purlf ication have baan achleved
and the cyciodextrins have become much cheapsr Thia has made Indusirial apphcation of cyclodextrine pos-
auble

Cydodextrina arme cydi oligosaccharndes with hydroxyl groups on the cuter surface and a voud cavity In
the canter Their outer surface » hydrophlic, and therefore they are usuelly scluble in water but the cavity
has a lipophiiic character The most common cyclodaxirina are a-cyclodextrin fi-cyclodexirin and y-cyclodex-
tnn consisting of 8 7 and 8 « 1 4-inkad glucose units, respectively The number of these units determunes
the size of the cavity

Cydodentrins are capable of forming Inclusion complexes with a wide varlety of hydrophobic molecules
by taking up a whole molecule or some part of it, Into the cavity The siablity of the complex formad depends
on how well the guest molecule fits Inta the cyclodextrin cavity Common cyclodexinn derivativea are formed
by alkylation (8 g methyl- and ethyl p-cyclodexirin) or hydroxyalkylation of the hydroxyf groupa (8 g hydrax-
ypropyl- and hydroxyathyl derivatives of a- (- and y-cycladextrin) or by substitiling the primary hydroxyl
groupa with saccharidea (e.g glucoayl- and maltosyl-R-cyclodexirin). Hydroxypropyl-f-cydadexirin and its
preparation by propylane oxide addition to p-cydodextrin and hydroxyethyl--cyciodexirin and its praparation
by ethylene oxide addition b fi-cyciodextrin wers describad in a patent of Gramera at al. (Unlted States Patant
No. 3.458 731 msued August 1889) over 20 ysars ago For a comprshanaive raview of cycdodextrins see Gy~
clodexinns and thekr indusltrial uses, editor Dominique Duchiine Editions de Santé Parls 1887 For a more
recant overview sea J Szajtll Cyclodexirins m drug farmulations. Part 1 Pharm Techn int 3(2) 15-22
{(1991), and J Szejtl Cyclodextrins In drug formulations. Pert Il Pharm. Techn Int 3(3) 18-24 (1981)

Numerous reports have been published with respect b the solubliizing effects of cyclodextirine The gen-
eral procedure described in these reports for prapanng aqueous cyclodexirin solutions contaming various
drugs Is as follows An excess amount of the drug w added to an aquecus cyclodextrin solution and Lhe sus-
penalon formed s agitated for up to one week at mom tempamture Then the suspension le fiitared or cantriF
uged to form a deer drug-cydadexirin complex solution For the preparation of satk formulations of the drug-
cyclodextrin complax, the water Is removed from the aqueous drug-cyclodaxtrin complax solution by svapor-
ation In a rotatien eveporator In a spray dryer or by lyophiiization. Pitha (Josaf Pitha Administration of sex
hormonea in the form of hydrophific cyclodexinn derivatives Unlted States Patent No. 4,598 705 lssued June
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24 1988) describes Inclusion complexes of sex hormones, particularly teatosterone progesterone and esire-
diol with apecific cyclodextrine preferably hydraxypropyl f-cyciodextrin and poly f-cyclodextrin The com-
plaxas enable the sax hormones to be successfully deliverad o the aystemic circulation via the sublingual or
buccal routs In another patent (Jossf Pitha Pharmaceutical preperations conlaning cyclodextnin dartvatives

United States Patent No 4 727 084 issued Fabruary 23 1088) Pitha describes formulations of a number of
druge with vanous cydodextrin derivatves mainly hydraxypropyl-p-cyclodsxtrin but also hydroxypropyl-y-cy-
clodextrin In a sarles of patents (N.5 Bodor impravements In redox systems for brain-tergeted drug delwvery

Unitad Staten Patent No 5,002 835 msued Merch 26 1991 N S Bodor Pharmaceutical formulabons for par

enteral use United States Patent No 4 583,588 issued January8 1991 N 5 Bodor Redox syalems for brain-
targeted drug deirvery Unied States Palent No. 5 017 566 asued May 21 1881 and N 8. Bodor Pharma-
ceutical formulatona for parenteral use Unfad States Patent No 5 024 998 msued June 18 1991) Bnador
descnbes formulatons of a number of druge with hydroxypropyl hydroxyethyl, glucosyl mafttosyl and malto-
tnosyl dervatrves of p- and y-cydodexinn Also, Braune and Mifler (U Brauns and B WW Miiller Pharma-
zautische Priparata van In Wasser schwert8elichen odsr instabflen Arznelsinffen und Verfahren zu lhrar Her-
stallung Europsan Patent No. 0 148 197 B1 dated March 21 1900) have described formuiations of drugs with
various [-cyclodexirin derivalives mainly hydroxypropyl p-cyclodextrin  The eolublizing and stablizing ef-
focts of hydroxypropyl fi-cyclodexirin on drugs have been reviewad by T Loftsson M E Browster H Derendorf
and N Bodor 2-Hydraxypropyl-p-cyclodextrin Properties and usage in pharmaceutical formulations. Pherm

Zig Wias. 41138 5-10 (1991)

Methoda of preparing drug-cyclodextrin complexes have bean deacribad by Hirayama and Usksma [F Hr
ayamaend K tekama Methoda of investigating and prapanng indlusian compounds in D Ducihiine (aditor)
Cyclodextrine and their industrial uses Editions de Santé Paris, 1987 pp 133-172] In soluton the drug-
cycdladextrin complaxes are prepared by tha ample method described abova and the complexation evaluated
by detsrmination of atabilty constants by a solublity method a kinehc method a spectroscopic method or
some othar analytical method On a Isboratory scale solid drug-cyclodextrin complexes are ususlly lormed
by lyophizabon of drug-cyclodextrin complex aclubon but on an industrial scale other methods are alao used
such as the kneading melhod spray-drying coprecipitation neutralization and grinding methods In none of
these methods are water-soluble pharmaceutical polymers or other polymers In general used for enhancing
the drug-cyciodextyin comptaxation

There are fow samples of formation of drug-cyclodextnn complexes by heating Thus Hassan of al. Int
J Pharm 5 19-24 (1990) prepared a famotidine-fi-cyclodextnn camglax by adding the drug lo aqueous p-
cydodextrin solution heating the mture under reflux for 1 hour and than strring it at room temperature for &
days The solution which jormed was concanirated by svaporeton under vacuum and the precipltats which
formed was fiisred and dried under vacuum at S0°C. In a periss of arbcies, Nakal of af describe how they
make cyclodextrin inclusion complexes by heatmg ground mixdures of physical mixtures to 80 to 130°C m sealed
containers Bee Naksi of &/ Chem Pharm Buil 35{11) 4609-4815 (1987) Nakai of af Chem Fharm Bufl
37(4) 1055-1058 (1080) Nakalefa! Chem Pharm Bufl 38(3) 728-732 (1990) Nakalof o/ Chem Pharm
8ull 38(5) 1345-1348 (1890) and Nekmi ol &/ Chem Pharm. Bull. 38(6), 1532 1535 (1991) Finally, Schmidt
and Mailer [E Schmidt and HG Maer Thermostablle Bindung von Aromasloffen an Starke Teft 2 Bindung
von Menthol durch Auloidavieren, StarclvSilrke 38{8) 203-207 (1987)] describe formation of thermostable
binding of menthal to various types of siarches Including f-cyclodextrin by sutodlaving In none of tha above
mentionad articies are starches or other polymers used to enhance complexation of drugs by cyclodextrine

Due to the negative enthalpy of cyclodexinn complexahon the solublity enhancemesnt of druge by aqu-
sous cyciodexirin salutions |s generally larger at low tempemture than at high temperature [T Loftason and
N Bodor Effects of 2 hydraxypropyt p-cydodextnn on the aqueous solubliity of drugs and transdermel deiv-
ery of 17fi-aatradiol Acta Pharm Nord 1(4) 185-193(1988)] Also addibves such as sodnmn chioride buffer
salts surfactants and organic solvents (e g ethanol) usually reduce the solubilizing effecta of cyclodextrins

Summary and Objects of the Invention

One object of the presant Inventon la to provide & method for snhancing the complexation of cyclodextrine
with ipophiic and/or water lablle drugs, food additives, coamelic additives and agrochemicals.

Anoiher object of the invenbon I to provide a method for ncreasing the solubfizing and siablizing sffects
of cyclodexirina on drugs which are Insoluble or aparingly scluble or unstable In water and on food additives
cosmetic additives and agrochemicals which are insoluble or aparingly ecluble or unstable in water

Another object of the invention la to provide novel co-complexes of drugs cyclodextrins and selectad poly
mers and of food additives, coasmetic additives and agrochemicals with cyclodextrins and selected polymers

Yet anather chject of the inventan 1s to provide pharmaceutical compositions comprising nove! drug com-
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plexes as well a5 analogous food cosmetic and egnoutasral compositona.
St another object of the Invention Is to provide a novef complexing agent for use in solubilizing and/or
stabliizing & lipophllic and/or water lable drug food additive cosmetc addllive or agrochemical
In accord with these and other objacts the present Invention provides the following
{1) A method for enhancing the complexabon of a cyclodexinn with a lipophliec and/or water labie drug
comprising combining from about 0 1 ko about 70% (weightAvolume) of cyclodexirm and from about O 001
to about 5% (waeightivolume) prafarably from about 0 01 to about 0.5% (weght/volume) of a pharmacaut-
Ically acceplable pharmacologlcally inactve water-soluble polymer with a hpophilic and/or water labile
drug »n an aquecus madium to form a drug complax the palymer and cycodextrin beng dissolved in the
aqueous medmum before the drug Is added and thas aqueous medium balng mantained at from about 30
to about 150°C for a period of from about 0 1 to about 100 hours before during end/or after the drug =
added optionally followed by remaval of water
{2) A methad for salubliizing and/or atabllizing a fipophlic and/or water lablls drug n an aqueous medium
camprising compleung the drug in an agueous medium with from about 0 1 to about 70% (waight/volumes)
of cyclodaxirin and from about 0 001 to about 5% (weight/volume) preferably fram about 0 01 to about
0 5% (welght/volume) of a pharmaceutically acceptable pharmacologically inactive water-scluble paly-
mer Ltha polymer and cyclodextrin baing dissolved m the aqueocus medium before the drug ws added and
the aqueous medum being maintained at from about 30 to about 150°C for a period of from about 01 o
about 100 hours before, during andior after tha drug o added
(3) A co-complex of a lipophih and/or water lablle drug with a cyciodexirin and a pharmeceutically aceapt-
able pharmacologically inactive water-soluble polymer the ratio by waight of eyclodexirin to polymer be-
ing from about 4 1 to about 50 000 1 preferably from about 100 1 to about 10 000-1
{4) A pharmaceutical compoaiion compnsing
(a) a drug complex prepared by complexing In an aqueous medium alipaphilic and/or water-labfle drug
with from about 0 1 to about 70% {(welight/volume) of cyciodextrin in the presence of rom about 0.004
to about 5% (weight/volume), preferably from about 0 01 to about 0 5% weight/volume of a pharma-
cautrcally acceptable pharmacologically inactive water-soluble palymer, the polymer and cyclodextnn
being disscived In the aqueous medlium befora the drug Is added and the aqueous medium being main-
tained at from about 30 to about 150°C for a period of from about 0 1 to aboul 100 hours before, during
and/or after the drug s added optionally folowed by removal of water and
{b) & non-toxic, pharmaceutically accaptable carrise therefor
{5) A pharmaceutical compositon comprising
(a} a co-compiex af s lipophlic and/or waterdabie drug with a cyciodextrin and a pharmeacsutically ac
cepinble pharmacoiogicsily mactive water-asctuble polymer the ratlo by walght of cyclodextnn to poly-
mer being from about 4 1 to about 50 000 1 praferably from about 100 1 to about 10 000 1 and
{b) a non-taxic, pharmaceutically accepiable carrier tharefor and
{8} A complexing sgent for use n sclubllizing andior stabiitnng 8 Yipophilic and/or water-lablla drug com-
prising a cyclodexirin and a pharmsceutically aceaptable pharmacologically inaclive water soluble poly-
mer, the ratio by weight of cyclodextrin to polymer being from about 4 1 to ebout 50 000 1 preferably from
about 100 1 to about 10 000 1 eaxd complexing agent being formed by heating the cydodextrin and poly-
mer In an aqueous medium at from about 30 to about 150°C for a period of from about 0 1 o about 100
hours.
The present invention further providea methods snd compositions anatogous o those fisted above In
which the lipophilic and/or weter-solubls drug ks replaced by a ipophilic and/or water-soluble food additive cos-
metic adddive or agrochemical

Brisf Description of the Drawings

Other objects and advantages of tha preaent Inventon will be apparent from the following delaled descrip-
ton and accompanying drawings in which

Fig 18 apiot of the sctubizaton of hydrocortisona m mg/mi In agueous 10% HPACD (2 hydroxypropyl-

f-cyclodexirin) MS 0.8 solution contaming varying amounts of PVP (polyvinylpyrrolidone)

Fig 2is & saries of plots deplictng the dissolution profile of hydrocortisone from tabists containing hydro-

cortisane-HPBCD complex A, 0% (wiv) CMC ¢ 0 1% {wiv) CMC o 0.25% (wiv) CMC and

Fig 3 m a pairof plota Justrating the effect of 1% (w/v) acetazolamide sys drop solution on the Intreocular

pressure (IOP) of normotensive conacious, albino rabblts whaereln the right eys recelved the drug (O) and

the left eye was the control (1)
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Detallad Dsscription of the lnvention and Preferred Embodiments

Hers and throughout this description the following definitions are applicable

The term "lipaphilic™ ls used hersin to deacribe drugs (or food additives or cosmetic additives or agrochem-
cals) which are lipid-soluble and hydrophobic, 18 which ars insoiuble or sparingly soluble In water

Tha term "water lablle” ia used herain to doscsibe drugs (or food additives ar cosmetic additves or agro-
chamicais) which are unatable in water

Cyclodexinns for uss in tha present nvention include tha natural cyclodexirms and ther dervatives In-

cluding the alkyisted and hydroxyalkylated derivaives and the branched cyclodexirine, Cyclodextring and their
denvatives winch have been previously descnbed as useful for complexation with druga are of particular in-
terest heren In addition to «- p- and y-cyclodextrine the ether and mixed sther derivativas and thoss dernv
atives bearing suger residues ere of special Interest Especaily useld herein are the hydroxyethyl hydroxy-
propyl (Including 2 and 3-hydroxypropyl) and dihydraxypropyl sthers ther corresponding mined ethers and
further mixad ethera with methyl or sthyl groups, such as methylhydroxyethyl ethyl-hydroxyethyl and ethyl-
hydroxypropyl ethers of «- - and y-cyclodextrin and the maliosyl glucosyl and melictriosyl denvalives of «
p~ and y-cyclodextrin which may contain ane or more sugar residues e g. glucosyl or diglucosyl mattosyl or
dmeilosyl as well as various mixtures thereof e g & mbxture of maltosyl and dimaltosyl derivatives Specific
cyclodextrm dervetives for usa herein include hydroxyprapyl f-~cydodexinn hydroxyethyl-f-cyclodextrin hy-
droxypropyl-y-cycdadextrin  hydroxyethyl-y-cyclodextrin - dihydroxypropyl ~cycdodextnn  glucosyl-a cyclo-
dexirin glucoayl f-cyclodexirin digiucosyl-p-cyciodexirin maliosyl-a-cyclodextrin  mallosyl-B-cyciodaxirin
maltoayl-y-cyclodexinn maltoiriosyl-f-cyclodexisin maltolriosyl-y-cyclodexirin and dmeltoayl-p-cycdodextrin
and mixiures thareof such as maltosyl-p-cyclodextrin/dimalinsyl-p-cyciodexinn as well as methyl-p-cyclodex-
iin Procadures for preparing such cyciodexirin derivatives are well-known for example from Bodor Uniled
States Patent No 5,024 988 dated June 18 1991 and references cited therein Particularly preferred cyclo-
dexlring for use in the present Invention are hydroxypropyl hydroxyethyl, dihydroxypropyl glucosyl and mal-
toayl derivatives of a , i~ and y-cyciodextrin and ther mixtures especially those having a molar dagree of sub-
stitution of from about 0.05 to about 10. The expression “molar degree of substitution® la used Inthe same sense
as emplayed In Brauna and Milller European Patent No 0146187 B1

Suitable polymers for use herein are those which are soluble in water are acceptable for use In pharma-
ceuticals and are pharmacologicaly inactive Such polymers are wall-known excipients commonly used In the
fleld of pharmaceuhcal formulations [See for sxample Remingion’s Pharmaceutical Spiences 18ih edition
Alfonso R Gennaro (editor) Mack Publishing Company Easton PA, 1930 pp 291 294 Alfred Martin James
Swarbrick and Arthur Commarata Physical Pharmacy Phyaicel Chemical Principles in Phermaceutical Scr-
ences, 3nd edition Lea & Febinger Phladelphin PA, 1883 pp 582-838 A.T Flarence and D Altwood Phys-
icochamical Pnncipias of Pharmacy 2nd editon MacMilan Prees. London 1888 pp 281-334 | Sultable poly-
mers Include water-soluble naturel polymers water-sclubla sami-synthetic polymers (such as the water-solu-
ble derivativea of calluose) and water-scluble synthetx polymers The natur! palymers indude polysacchar-
et such as inulin peclins, algin derivatives (e g sodium aiginate) and agar and polypeptides such as casein
and gelatin The semi-synthetic polymers Include cellulose derivatives such as mathylceliulose hydroxysthyl
cellulosa hydroxypropyl cellulose ther mixad sthers such & hydroxypropyl methyiceliulosa and other mixed
others such as hydroxysthyl ethylceliulose and hydroxypropyl sthylcellulose hydroxypropyl methyiceliuiose
phthalate and carboxymethylceflulose and ite salts especially sodium carboxymethyiceliulose The synthetic
polymers include polyoxyathylens derivatives (polysthytens glycols) and palyvinyl derivatives (polyvinyl alco-
hal poiyvinylpyrrolidone and polystyrena sulfonats) and various copolymers of acrylic acld (a g carbomer)
Othernatural semi-aynthetic and synthetic pofymers not named here which meet the criteria of water solubiity
pharmacautical accepiablity and pharmecological inacivity are [kewisa conaerad (o ba within the ambit of
the present invention Pearticulerly preferred polymers for use herein sve sodium carbaxymethyicsllulose hy-
droxypropyl methylcallulose and palyvinylpyrrolidone

Water-soluble polymar for use with druga hevein as pointed out above need to ba pharmaceutically ac-
ceptable end pharmacologcally nachive Generally apesking such welsr-soluble polymers will also be accept
able for use with food additives cosmetic addibves and agrochemicals (agncultural chemicals). since the mast
stringent requirements are usually placed on pharmaceuticals, particularly for parenteral use Conversely
hawever a polymer which la not pharmeceytically acceplable could for example nevertheless be egriculturaily
sccaptable particularly for non-crop epplicetions such a polymer ls intended for use harein in campositions
with those non-drug materiale & g agrochemicals which do nat raquire pharmaceutical acceptabiity Simi-
larly the water scluble polymers for use with food and cosmetic additives need only be sccaptable for use In
fonds and coametics

Aa lipophilic and/or water labile food addibves which ars contemplated for use in the methods and com-
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positions of the prasent mventon there can be mentioned by way of sxample flavanng agents, preservailves
antoxidants swestening agents and coloring agents llustrative of such additives are flavors such as vaniln
aromatic flavoring olis such as lemon ol cnnamon oil of of anlee oll of bitter almond or benzaldehyda of of
cove oll of arange oll of peppermint, gariic od omon oli and manthol swesleners such as aspartame and
saccharin colors such s methyl yellow a8 well as natural colors preservaives such as methylpareben pro-
pylparaben chicibutol benzolc acld and salicylic acd snd antioxidanta such as butylated hydroxyanmoi

In tha case of coamatic additives contamplatad for use in the methoda and compoaltiona of the invention
many of the same classes of ingredienia (including soma of the sams spacific ingredients) noted above as
food additves are Intended [Husirative classes of coametic addiives include preservalives anhoudants aro-
malic olis (fragrances) coloring agents and vitammns {also noted as drugs herein) Speciflc additves of nisrest
for cosmetics include fragrant eromatic olls such as lavender ol pine ofl of of geranium. ol of roga, oll of awest
bay oll of lemon, off of lemon grass presarvatives such as camphor and vitamins such as vitamin D, (chole-
caiciferol) vitamin D, vitamm A and vitemin £

With regerd to agrochemicels those contemplated for use in the methods and composiuons of Lhes invan-
Uon inchude pesticidas (induding for sxempie insechcides and nematocides) fungicides herbicxdes and plant
growth regulators lliuairative of such agrochemicals are pesticides such aa pentachiorophenol, mevinphos
piperonyl butoxide hydroprene methoprene and kinoprens® fungicides asuch as 4-chloro-3-
methytberzothiazolone and pyrroinitrin and herbicxdes such as penimchiorophenol and 2 6-dichlorobenzonl
tnle

It Is well-known that a number of food and coametic additrves, particularly flavors fragrances and colom,
a8 well a8 sgrochamicals (pesticides hertides Insecticides and funglicides) can be complexed with cyclo-
dextrin Such materials axhibk significantly increased complexation and weter solubiity however when used
In the methods and compositions of the present invention

Among ths lipophilc and/or water-jable drugs which are contempiated for use in the methods and com-
positions of the present invention there can ba mentionad antineoplastics (anticancer/ankitumor agents) sad-
atives ant-inflanmatory stercids (glucocorticalds) trenquilers anticonvulsants, antivirala anllhistammice.
vitamms/nuintional factors emetics anbeoagulants cardictonica (incuding cardiac glycoaxdes) diurebcs non-
steroldal ansigesic and/or ant-inflammatory agents (NSAID s) androgens estrogens anabollc agents veso-
diletors antidepressanis antipsychotica hypnotics, antifungals progestine antiprotozoals artheimintics,
anasthetics vasoconstriciors hypoglycemics antibacteriale/antblotica and anti-Infectives platsiet inhibitors
muacle relaxants antiemetcs, radiodiegnostes antispasmodics antiarrythmecs, carbonic anhydrase Inhibl-
tors gastrointestinal agenta (maluding Hr-antagoniels and other entl-ulcer agents} antihypertansives semto-
nn antagonists, narcohe antagonista, narcobe agonists, mied narcobe agoniais-antagonets pharmacologr
cally active proisina such as peptide hormonsa enzymes anbbodies and other biclogically produced subatanc-
et ant-Parlinsonsm/dopamineric agenis and drugs for tresting Alzhsimer’s diseasa

itis now well known that lipaphilic and/or water-labile drugs which complex with cyclodextrin hava the re-
quired shape and sze to fit at least parually into the cavity of the hydmted cycladextrin molecule see for ax-
ample, Brauns and Miller European Patent No 0149187 B1 Drugs whose water solublity can be improved
by complexation with cyclodexirine axhibit significantly increased complexaticn and water solubiiity when treat-
ed In accord with the prasent invention

Spedific druga comamplated for usa in the methods and compoaltions of the present livention include

sntinecplastics such as chiorambucl lomustine malphalan methotrexaie hexamethyimelaming teniposide
eloposide semustine (methyl CCNU) fazarabine (Ara-AC) marcaplopurine tubulazole cermolur carmus-
tne amsacrine doxorubicin bruceantin dixzguone dideminin B schinomyan and PCNU ant-Inflammatory
steroxis such as betamathasone, fludrocortisons, dexamethasone cortisone hydrocortisone triamcinolone
riamcinolane acetonide prednisone and prednisolone estrogena such as 17/ estradiol 17 a-athynyleatradiol
(sthinylestradiol) ethynylestradiol 3-methy! sther astrons mestranal and eairial progestine such aa dimathis-
terons norethindrone norethindrone acetate, norgestret norethynodrel sthisterons, medraxyprogesterons
acetmts gnd progeaterons anticonvulesnts such as phenytoin (diphenylhydantoin) and carbamazapine bar-
biturates such as pantobarbital phencbarbitel and secobarblte! varkousty useful as hypnotics, antcanvulsants
and sedatives antiviraia such as vidarabine and virazole (also known ae ribaviin) vitamimnutitional factors
such as retinol (vitemin A) vitamin A-acelate, cholecalcifercl and retinal as well as other fal-soluble vitamins
such as the E D and K vitamins B-blockers such as timolol and atenolol, propranciol and nadolol emehes
such as apomorphine; diuretice such as chiorthalldone furossmide and other sulfonamide-type diuretics and
spironolactons &n akdostsrone antagonist type diuretic anticoagulants such as dicumara cardlotonios such
as digoxin and digltoxin nen-steroldal enaigesica and/or anti-inflammatory agenis such as aspirin Ibuprofen
indomsthacin piroxicam sulindac and flurbiprofen androgens such as 17-methyltestosterone and testoster
one- mineral corticokds such as desoxycorticosterone; ateroldal hypnatica/anesthetcs such oe alfaxalone ang-
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bolic agents such as fluoxymesterone and methanstenolona antidepressanis such as sulpiride antiblotics
such as ampicliin and peniclin G anti-Infectives such as bemzalkonlum chioride cetylpyridinium chloride and
chiorhexidina coronary vasodilators such as niroglycerin flunarizine lidoflazine and miofiezine hypnotics
such as etomidate carbonic anhydrase inhibltors such as acetazolamide chlorzolamde elhoxzalamme me-
tharolamede L 671 152 and MK-927 antifungals such as imdazole-type antfungals e.g econezale cotri-
mazols oxiconezcle bionazoie mstonidazole (metronidazole benzoate) fenticonazole miconazole sulco-
nezole toconazola isoconazcle butoconazole ketoconazole doconazole parconazole orconazola valco-
nazole and lombazole and trizole-type antifungals. e g terconarcle and itraconazola antiprotozoals such a3
midazois type anfiprotozoals, 8.9 metrondazole arnidazols carnidarcle ipronkiazoie tnkiazole and nimor-
azole and benzimidazole-type antifungals e g flubsndazole Hy-antagonists Inciuding those ofthe Imidaxole-
typs o.g burimanwde metlamide cimetdine and oxmetidine' mudaxzois-type antineapiastica such as tubula-
zole, a mcrotubute inhibitor anthelminlic agents Including those of the benzimidazole-type, for example thie-
bendazole oxibandazole cambendazole fenbendazole flubendazale eibendazole and oxfendazaie, antihis-
taminics, mcluding benzimidezoles such as sstemizole piperidines such ea levocabastine and piperazines
such as flunarizine oxatomide and cinnarizine antipsychoties including thosas of the piperidine-type such as
fluspiriens prmozide and panfluridole gastrointestinal agents Induding piperidine derivatives such aa loper
amide and cisapnde serotonin antagonists for example thoss of the plperidine type such ae ketanserin A~
tansenn and altanserin and thoae of the piperazine-typa such as mianserin {(also an antihistamimc) anesthet
lcs such es idocaine- hypogiycemics such as acstohexamide ant-smetics such as dmeanhydrinate: anbbac-
teriala such as co-rimoxazole: dopaminargic agenta such as L-DOPA, anti-Alzhemer’s agenta such as THA
femotidine an anti-ulcer agent/H-antegonist; benzodmzepines for axample chiordiezepoxtde diazepam
madazepam, axarspam lorazspam flunirazepam estazolam, flurazepem loprazolam lormetazepsm nitra-
zapam quarepam temazepam and triazolam, variously useful as sedativas hypnotics antconvuisants, tran-
quiizers and muade rslaxents, and prostagiandine for sxample PGE s such as PGE, (siprostadi) a vasodi-
lator and PG, (prostacydlin or spoprostencl) a platelat inhibitor

In one particulerly preferred aspect of the present invention the drug contemplatad for use herein Is &
carbonic anhydrase Inhibllor especlally acetazolamide

In another prefarred aspect of the invention the drug conlamplated for use herem s a sterold particularly
an anti-inflammatory stsrold {glucocorticold) or a steroldal estrogen progestin anabolle agent, androgen
anesthetichypnotic or duretic/aldosterone antagonist

In another preferred aspect of the nvantion the drug contemplated for use herein Is a banzodlezepine
sedative or an ant-infective agent.

In yet ancther preferred aspact of the nvention the drug conlampisted for vss herain is the reduced dl
hydropyridine form of & dihydropyridine == pyridinium salt redox system for bram-targetend drug delivery

With reapect to the redox system for brain-targeted drug delivary the following definitions ars applicable

The term Tipoidal® Is intended to desgnats a redox malaty which s ipld-salubte or lipophillc.

The terms "redox carner system” and “redox analog system® are Intanded to designate two different ap-
proaches o targeting drugs to the brain using a dihydropyridine == pyridinium salt systam; compounds repre-
senting sither of these approaches are cantemnplated for uee in the present Invention.

The redax carrier systam proveies for brain-targeted drug delivery by meana of carner-druga which in
thelr reduced form which {a the form intanded for adminwtration can ba reprasanted by the farmuls

[D-DHC)
wherein [D] ia a centrally acting drug species and [DHC] is the reduced blooxidizable, blood-brain barder pene-
trating lipoidal form of a dihydropyridine = pyridmium salt redox carrier In thelr oxdized form which 18 the
form "locked" in the brain from which the actve drug s ultimately released the carrer drugs can be repre-
sented by the formula
[D-ac}* X

wherein X~ m the anion of a non-toxic pharmaceutically acceptable acld [D] s a centrally actng drug speclea
and {QC]" i the hydrophiie, lonic pyndintum salt form of a dilydropyndine - pyridinium salt redox carrier The
vanous redox approaches are now wel-known havmg been described in many patents and Itenatura articlas
the originator of the redax technology Nichclas S Bodor has miso described the use of cyclodextrin dervaiives
in conpunction with the reduced dikydropyridme forma of the redox systama e g In Bodor United Siates Pa-
tents No 4 983,588 5,002 935 5,017 588 and 5,024 998. While tha edox systems for use herem can be any
af those defined in the Bodor patents, those In which the centrally acting drug species and redox cerrlers are
mdicated In the Bodor patents as being preferrad are Hkewise preferred for use hersin Thua preferred redox
carrier compounda of the formula { DHC] are those In which [D] the centrally acting drug specles & a do-
paminergic agent, an androganic agent, an anticomvulaant, an anxlolytic agent a neurotransmitter an antiblatic
or antibacterial agent, an antidepressant, an antivinal agent, an anticancer or antitumor agant en ant-
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inflammatory agent, an estrogen or a progestin particularly whan the centrally acting drug speces ls dopa-
mine testosterons phenytoin GABA, valproic acid tyroaine methicilin oxacilin benzylpenicélin doxachlin
dicloxacliin desipramine acyciovir tifluarothymidine zidovudine tydroxy-CCNU chlorambucll tryptamine
dexamethasona hydrocortisone ethinyl estradiol norethindrone, estradiol ethlsterone norgestrel estrone
eatradiol 3-methyt ether estradiol banzosts narathynodrel mestranal indomethacin naproxen FENU HENU
or 5-FU Eapecully preferred radoa carner compounds of the formula [D-DHC) are

1 methyl-3-{{N-{p-[3 4-bis(pivalylaxy)phenyljethyljcarbamoyi}] 1.4 dihydropyridine 1 mathyl 3-[N
IP-[3,4 bis{ieobutyryloxy)phenyl}-ethylljcarbamoyl 1 4-dihydropyridine and N-{B |3 4-bwa(pwalyloxy)-phenyl}
ethyl}aminocarbonyloxymethyl 1.4-dihydro-1-methyl 3-pyridinecarboxylats which are dopamine derivatives,

17p(1.4-dihydro-1 methyl-3-pyridinylcarbonyl)oxylandrosi-4-en-3-one and 17 p-{I{3"-carhamayl 1 4
dihydropyridinylJacetylloxy}androst-4-en-3-one which are tegtosterone derivatives

5 S-diphenyl-3-{(1-methyl 1 4 <dihydropyridin-3 yt)carbonyloxymethyl]-2,4-imidazohdinedione 3-(3-
carbamoyl 1 4 -dhydropyridin-1 -yljacetylaxymethyl]-5 5-diphenyl-2 4-midazoldinodione and 3-{3 (3'-car-
bamayi-1" 4"-dihydropyridin-t  yl)proplonyloxymethy]-5 5-diphenyl 2,4-imidezolximedione which are phe-
nytoin derivativas

1 methyl-3-N [3-(benzyloxycarbonyl)propyljcarbamoyl-1,4-diydropyridine and 1 methyl 34N [(3 cy-
clohexylcarbonyl)propyl]}-carbamoyl 1 4-dihydropyridine which are GABA darivatives

1-methyl-3{2' (2" propyl)penianoyloxylethylcarbamoyl-1 4-dlhydropyridine 1 methyl 3-{2'(2" pro-
pyl)pentancyloxylethoxycarbonyl-1  4-dihydropyrikline and 1-J2-(2 propyl)pentanoyloxylethyl 3-carboxe-
mids-1,4-chhrydropyridine, which are valproic acid derivatives,

1-meathyl-3-{N-{1 -ethcxycarbanyl)-2 -{4"-pival oylaxyphenyl)ethyf]}-carbamoyl-1 4-dihydropyridine and 1-
maethyl 3-{N-[(1 -athoxycarbanyl) Z' (4 -lsabutyryloxyphenyl)ethyiJcarbamoyl 1.4-dihydropyridine which
are tyrosina derivativas

TI{1 4-dihydro-1-methyl-3-pyridinyl)carbonyljoxyimethyt [28-(2«. S 88)}-3 3-dimethyl-7-oxo-8-J(2 -
demethoxy)banzamdal-4-thie-1-azabicyclofd 2 Ofheplene-2 carboxylate [[(1 4 dihydro-1 methyl 3 pyri
dinyfcarbonyljoxylmethyl [28-{2c,5a.6p)}-3,3dimetyl-8-(5-met hyl-3-phanyl-4-soxazolecarbxmido-7-0cwo-4-Lhia-

1 azabwoyclo[3 2 OJheptans 2-carboxylate [[{1.4~dlhydro-1-methyl 3-pyridinyl)carbonyijoxylmethyl [28-(2u
Sa 68)}-3 dimethyl-7-axo-8-[{phenylacetyllaminc]-4-thia-1 ezabicyclo-]3 2.0Jheptane-2-carboxylate, [[(1 4-dihy-
dro-1 methyl 3-pyridinyi)carbonyi]-oxylmethyl [2S (2a,5a.8p)}-8-[3-(2-chlorophenyl)-5-methyl 4-lsoxazole-
carboxamido}-3 3-dimethyl-7 oxo-4-thin-1-azablcycio[3 2 Ojheptane-2-carboxyiate and [K1 4-dihydro-1-me-
thyl-3-pyridinyl)carbonyljoxylmethyl [28-(20,5a,8p)]-6-{3- (2 6-dichioraphenyl)-5-methyl-4-iscowezolecarboxa-
mido]-3 3-dimethyl-7 oxo-4-thla 1 ezabicycia[3.2 Olheptene-2 cerboxylala which are derivatives of methick-
lin oxadilin banzylpaniciliin cloxaciiin and dicioxacliin reapectively

EN [3-(10 11-dihydro-8H-dibenz(b flazepin-5-yi)ipropyl-N methylaminojcarbonylocy)metiyl 1 4-dihy-
dro-1-methyl-3 pyndnecarboxylate and [1-{N-[3-{10 11-dihydro-5H-dibenz{b,flazepin-5-yi)lpropyl N-methy-
aminojcarbonyloxyjethyl 1 4-dihydro-1-metini-3-pyridinecarbaxyiate which are derivatrves of desipramine

1-mathy! 3-12-(9-guanyimethoxy)ethoxy]carbonyl}-1 4-dihydropyridine, which Is a derivatve of acy-
clovir

3 {1 4-dihydro-1-methyl 3-pyridinyicarbonyl}-5' pivaloyltrifiuero-thymidine which = a derivative of in-
fluorolhymudine

3 azido-3 deaxy-5' (1 methyl-1,4-dihydm-3-pyridinyl)-carbonyljthymidine which s a dervetive of zI-
dovudine (AZT)

N-{2 chiorosthyl)-N -[4-(1,4-dIhydro-1-methyl-3-pyridinecarbonyloxy)-cyciohaxyl] N-nlyosourea N-(2-
fluoroathyl) N'-[2-(1.4-dIhydro-1 methyl 3 pyridinecarbonylaxy)ethyfl-N-nitrosourea and N2 chloroethyt)
N [2 (1 4-dilsydro-1 methyl-3-pyndinecarbomyloxy)ethyll-N-nlirosourea which are derivatives of hydroxy-
CCNU FENU and HENU respectively

1-methy-3-(N-{2-{4-({4-Pis(2-chloroethyl)|amino)}phenyl)-butanoyioxyjethyl})carbemoyl}-1,4-dihydro-
pyridine 1 mathyl 3-(N-{4-§4-(4-{Ibis(2-chloroethyl)Jamino}phenyljbutanoyloxylcyciohexylicarbemayl)-1,4-dr
hydropyridme 1 methyl 3-[(N-{2 [4 ({4 bia(2 chiorosthyl)laminc) phenyl)butancylaxylpropyl}jcarbamoyl}
1.4-dihydropyridine 1 methyl-3-[(N-{2 phenyi-2-{{4 [bm(2-chloroathyl)jamino}phenyl)butanoylaxyfjethyl)-
carbamoyl}-1,4-dihydropyridne and 1-methyl-3-IN-({1 4{4-{IDis{2-chicroathyl)jamino}phenyijbutanoyloxy)cy-
clohexyi}methyl)earbamoyi}-1,4-dihydropyridine which are derivalives of chlorambucll

1-methyl-3-N [2-(3-Indolyl)sthyljcarbamoyl 1 4-dihydropyridine which m a derivalive of tryptamine

8-fluoro-118,17-dihydroxy-18a-methyl-21-{[{1-methyl-1 4-dihydropyndin 3 yl)carbonyljaxy)pregna 1
4-diang-3,20-diona and 11p 17 dihydroxy-21-{(1-methyl 1 4-dihydropyridin-3-yl)carbonylloxy}pregn-4-ene-
3 20-dione which ara derivatives of dexamsthasone and hydrocortisone reapectively

3-hydrmxy- 17,5-[(1 methy! 1,4dihydropyridin-d-yl)carbonytioxyestra 1 3,5(10) triena which i an es-
tradiol derivative
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3-hydroxy-17-{1-methyl-1 4-dihydropyridn-3-yijcarbomlaxy}-18-nar 17¢-pregne-1 3,5(10)-trien-20-yne,
3-[(1 mathyl 1,4-dihydro-3-pyrdinyl)carbonyloxylestra-1 3,5(10)-trien-17-one  17p-[(1-methyl-1 4 dihydro-3-
pyndinyl)carbonyloxylestra-1 3,5(10)-rlen-3-of 3-methyl ather 3 17p-bis-{{1-methyl 1.4-dihydropyndin 3-
yi)carbonyljoxy)estre-1 3.5(10)-idene  3-(phenylcarbonylaxy)-17p-{J(1 methyl 1.4-dilydropyridin 3-yl)carbo-
nylloxy}ssira-1 3 5(10)4riene and 3-methoxy 17p{[1-methyl 1 4- dihydropyridin-3-yl)carbonyfjoxy) 19-nor
17a pregna-1 3,5(10)-trien-20-yne which are derivativea of ethinyli satradiol esirone estradiol 3-methyt sther
setradiol, estradial banzoate and mastrancl mapechvely
17f-{J{1-methyl-1 4 dihydropyridin 3-yi)carbonyljoxy)-18-norpregn 4-an 20-yn-3-one 17p-{[(1 me-
thyl 1 4-dihydropyridin-3-yljcarbonyljoxy}pregn-4-en 20-yn-3-one 13-ethyl 17p-{I(1 methyh1 4-dihydropyn-
din-3-yl)carbonyljoxy}-18 18-dinorpregn-4-en-20-yn-3-one and 17p {[(1-methyl 1 4-dihydropyridin-3-yl)carbo-
nylloxy}-19-norpregn-5(10)-an-20-yn-3-ons which are denvatives of norethindrone ethmterone norgestrel
and norethynodrel respactively
1 methyl-3-{N-(2{1 (p-chlorcberzoyl)}-5-methaxy-2 methyl-3-indolyljacetoxylethyl)carbamoyl}-1,4-dihy
dropyridine and 1-methyl-3-{N-[2 (8-melhoxy-a-methyl 2 naphthalenylacetoxy)ethyljcarbamoyl-1 4-dihydro-
pyridine, which are derivatives of Indomethacin and naproxen respectively” and
3-(1 4-dihydro- 1-methyl-3 pyridinylcarbonyloxymaethyl)-5-fiuorourecl and 1 (1,4-dthydro-1 methyl 3-
pyndinecarbonylaxymethyl)-5-fluorouracll which are derivatives of 5-FU (S-fluorourach)
in the discussion that follows the particulars of the praeant imvention ate discusssd with respect to drugs
it = to be underatoad however Lhat axcept where the diacussion focuses on matters which are obwviously
uniqua o druga (such as bloavallablity) the particulars ara tha same when a food additve cosmstic additve
or agrochamical 18 used iratead of a drug harein
Quite aurpriaingly & has now besn found that i posaibls to increass the effects of cyclodextrin complex
ation by addng small amounts of water-soluble pharmeceubcally acceptable pharmacologically mactive poly-
mars 10 aqueous cyclodextrin/drug sclutions and then haating the salutions for some ttme Typically the poly-
mer Is dissolved in an aqueous solution of the cyclodexinn or both polymer and cyclodexdrin are dissolved mn
water and then the drug s added The cyclodextrin concentrabion can range from about 0 1 to 70% wiv and
the polymer concentration from about 0 001 to aboul 5% wiv praferably from about 0.01 to about 0 5% wiv
In the original solution The polymer cyciodextrin weight ratio can range from about 1 4 to about 1 50,000 but
is usually from about 1 100 to about 1 10 000 that is 1 part of polymer to 100 lo 10 000 parts of cyclodextrin
@nd le even more preferably from about 1 500-5 000 | e 1 part of polymer o from 500 ta 5 000 parts of cyclo-
dextrin Since maximum complexation = ardinarly desirad the drug 15 usually added in excess The drug may
be dmsolved In the cyclodextrin/polymer solution before during and/or after the cyclodexirin solutvon has been
kept at from about 30 to aboul 150°C for a perlod of from about O 1 fo about 100 houra. Optionally the polymer
and cydadextrin can be combined in aqueous solution with heating at the tamperaturse and for the tima Indl-
cated In the preceding sentence and dried {preferably lyophized) ta give a cyclodaxtrin/polymer combination
complexing agent That complexing agent can subsequantly be combined In aqueous solution with the drug
with or withaut hesting for the teme and st the temperature indicatad above Whatever the manner of prepanng
Lhe drug/cyclodexdirin/polyrner agueous soluton sald solution can optionafly be diied 1n accord with methods
which are known per se Depending on the drug employed acld or base may be added to the cyclodextrin/poly-
mer/drug solubon during preparation
As will be apparent from the Exampiea hereinaftes one can readily determine Lhe concentration at which
a given water-goluble polymer axeris a maxsmum solubllizing/stablizing/complexing effect on a given drug and
@ given cyclodexirin In aqueous medium Itis generally disadvantageous to use a significant amount of polymer
In axcess of that nesded to achleve the maximum sffect. Excess polymer can actually decrease the desred
solubiizing/stabfilzing/complaxing effect, and can tand to Increase the viscosity of the aqueous medum in
which complexation occura. The amount of polymer used should be sufficlent to anhance stabization/solubl-
kzation/complexabkon but insufficiant to cause a significant increass In viscosity upon heatng Increass in vis-
coslty to a gelike or near gel-like stage should be avaided when carrying out the stabiilzation/solubiiza-
tion/complaxation processes of the Invenhon Obviously, ance the process hes been completed the resultant
muxture can be made more viscous i desired in the pharmaceutical or other compositions provided by the pres-
ent invention
Aquecus solutions of cyclodexirins andt polymers prepared in accord with Lthe presant mvenbon have a8
grenter solubilang and atabilzing effect on lipophlicc andior water lebile drugs than cyclodeaidn solutns
made by simply dissclving cyciodextrins In watsr or equecus buffer solutions The weter soluble pharmeceut-
cal palymers increase the solublilzing effect of the cyclodextring and thus make it posslble to reduce the
amount of cyciodexirin which will be presant In the pharmacestticsl compoaltion uitimatsly administered Aqu-
sous cyclodaxirin drug formuiations containing water acluble pharmaceutical polymers are characterized by
fast and efficlant drug relsasa which can result in 8 more rapld onaat of the dealred therapeutic response and
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better tolal bloavadaebiity of the druge Salid pharmaceutical preparetions, made, for axampiea by removal of
water from the above-mentioned agueous cyclodextrin-polymer-drug solutiona for example by lyophilization
are characterized by faster and mors efficlent diseclutlon of drugs compared to the dissolution of drugs from
solld cydodextrin preparationa without polymers This can lsad to hagtening the onast of the therapeutic re-
sponss and can also increass the tolal bioavadabiity of drugs from solid pharmaceutical preparations

It appears that the water-scluble polymers used In accord with the present invention eiter the hydmton
of tha cyclodaxirin molecules and thua thar three-dimansional structure in aquesus solubona  Hasating accet-
eralea thes process. It siso appaars that the polymer parhispates diractly in the drug complex formation acting
as a co-complaxing agent with the cyclodextrin S H.S Leung J R. Robinson and V H L Les ["Parenteral Prod-
ucts” Chapter 10 in Conirolfed Drug Delivery Fundameniais and Applicalions, second edion J R Robnsan
and VHL Lee adiors Marcet Dekker Inc New York 1887 pp 433-480] in a review of studms from the
1950's and early 1860s, point out that the role of plaama protein and Ussue binding in pralonging drug action
s weall-known snd that the samas result can be achieved by forming a dissociable camplex of & drug with mac-
romolecules such as methylceliuioas carbaxymethylcetiuloss and polyvinyipyrrolidons Table 1 and Table 8
hereinbelow show that aqueous polymer solutiona (8,) solublilza druga to a graater extant than pure water (S;)
Thie can be atiributed to complexation of Lhe drug with the polymer Thus, the polymars and the cyclodextrins
both form ecluble complexes with various drug molecules and can be used to Increase the equecus solublity
of tha drugs However when palymer and cyclodextrin are mixaed iogether in accord with the present mvention
one obtalns greater drug solublity snhancement than whan the polymer and cydodextrin are used sapanately
indsed the combination effect ls more than almply addiive, I s synergistic. This is indicative of the formation
of a new type of complax batwaen the drug and the polymer-cyciadextrin  The cyclodextrin can thus be con-
sidered to ba the complexing agent., the palymer a co-complaxing egent and tha drug complex not simply a
drug/cyclodextnn complax but a drug/cyclodextrin/ polymer co-complex

Pharmaceytical compositions utlieang the drug/cyclodemdrin/palymer products prepared In accord with the
present Invention can be used to treat a veriely of conditions depending upon the pharmacological nstuvre of
the drug selected for admmistration The compositions contain a phermacologreally/ therapsutically effecuve
smount of the selecied drug and ths amounta/ratios of selected cyclodextrin and sslactad polymer noled here-
mabove togsther with a non-toxic, pharmaceuticelly-accaptabie carrier For example If the selected drug ls
an anil-inflammatory egent, a pharmacologically effective amount thereof will be an amount sufficient to elicit
an anirinflammatory responsa  Salection of the cyciodaxirin and the potymer In the compositions will depend
upon the nature of the drug and the contemplated route of administrabon Virtually any routs of adminlstration
by which a selected drug can be ussd can be employed for the Instant compositions including bul not limhed
to parentsral oral and topical (Including ophthalmic) routea. Polymers and cydodextrina as dafined herem wil
be selectad according to the contemplated routs of administrabon since some may ba acceptabla for certan
voutes of adminlatrabon and not for others. For sxample a hydraxyaikyteted cyciodextrin such as hydroxypro-
pyl p-cyclodexirin rather than an alkylatad cyciodextrin would ba selected for intravenous use because of toxl-
city considerations Smmllarly only some of the polymens diacioasd herein may be sultable for intravenous use
an 18 indeed well-known In the art.

In the case of parentsral formulations Intended for example for intramuscular subgutanecus Intra-ar
bcular or intfravenous administration the pharmaceutical composition of drug/cyclodextrin/polymar will be In
the form of an aquecus solution which I8 aceapiabis for pareniaral administration | @ which is aterfls and pyr
ogen free and has been prepared In accord with accepted pharmacaytical procedures, for exampls as descri-
bed in Remingion's Pharmaceutical Sciences, seventasnth ediion od Alfonso R Gennaro Mack Publishing
Compeny Esston PA(1885) pp 1518-1552. The aqueaous sterlla Injection solutions may further contain ant-
oxidants buffers bacteriostats, lsotonicity edjusters and lke addlitions scceptable for parenteral formulations
Various unit dose and multidose containers a g sasled ampules and vieds, may be usad as Ia well known in
the art The sssantal ingradients of the sterls parentaral formulaton | e the drug(s) water and salacted cy-
clodexirin(s) and polymar(s) may ba prasented In a variaty of ways just sa long as the salution ultimately ad-
ministered o the patiant contains the approprists amounts of the essential ingrsdients Thus for sxample the
drug/cydodaxtrin/polymer’/ water formulation may be presentad In & unit dose or muitidoss container ready
fornjaction As anctherexample a concentrated salution of drug/cyclodexirin/polymer/water may be presenl-
ed in a separate container from & diuting liquid (waler or cyclodexirin/water) desgned so that the contents
can be combined o give a formulaton containing appropriate amounta for Injection As another alternatwe
the drug or e drug/cydodexirin/polymer combination may be provided in a freeze-dried condltion In one con-
tainer whie a sspamts container contalns diluting liquid (water or cyclodextrinfwater depending onths amount
of cyclodaxtrin In the other container) agaln designed so that the contents can bs combined to give a formu-
latlon contalning the appropriate amounta of the easenbal ingrediants As yet another alternative the cydo-
dextrin/polymer may be provided in a freeze-driad condition n one container the drug In another and the di
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luting liqued in yel another container In any event the conisnts of aach container wil be sterile

Fororal administration the pharmaceutical compositions may be In the form of any well-known oral dosage
form e g lablets caplets, capsules pila powders, sofutions gels and the !ke. Orafly accaptable carrier ma-
terials Including exciplents binders and disintegrators are weli-known in the art Moreover the usual buffers,
colormg agenta flavoring agants and sweetening agents can be edded if necesaary or f deared Tablets and
caplets may alao be coated with the usual coatmg materials.

In addition 1 oral doaaga forms which ams intended to be swallowed the present invenhon contemplates
oref doaage forms which am Intended for usege only In the oral cawty typically mouthwashes, and those which
are Inlanded for buccal and/or sublingual administratlon (such ae lozenges)

For rectal or vaginel adminisiration suppositones may be sutable appropriate carriers for wiwch are wall
known Smiarly for topical use well-known topically accepiable cerners/vehicies can be emplayed to form
creams gele ontments and the lke Appropriale carriera for use m nasal dosage forms {solutions, gels omnt-
ments and the like) are simflarly well known

In Lhe caae of ophthalmic compasitions the carnermust be a non-toxlc, aphthalmically acceptable carrier
Suitable ophthaimic carriers wiil be apparent to thosa ekiilsd In the art of ophthaimic formulationa. Obviously
the cholce of sultable carriars will depand on the exact nature of the particular dosage form desired, & g wheth-
er the drug/cytiodaxtrin/polymer complex 1a io be formulated Into an aphthalmic solution or suspension {typ-
lcally for use as eye drops) an ophthalmie aintment or cream or an ophthaimic gel Prefamed dosage forms
are solubone which contain a major amount of water In eddition to the actve ingredient. Minor amounts of other
ngradients such as pH adjusters (s g a basa such as NeOH) emulafiers or dispersing egents buffenng
egents preservatives welting agents and jeling agents may alsa ba presant. Most praferably the aphthaimic
compaslton » a starle Isotonic, buffered aquaocus solution

Especially preferrad pharmacesutcal compasitiona provided by tha present invention include aphthalmic
formulations (e g eyedropa) contalmng a carbonic anitydrase inhibitor such as acetazclamide oral formmila-
Uons such ss mouthwashes or buccal tablets contaning an anti-inflammnatory sterold, & g hydrocorimone, dex-
amethasone or irlamcinolone acetonide oral formulations such as sublingual tablets contalning a benzodia-
zapam such as flunitrazepam for traastment of nsomnia, and sublingual tablets compriaing an estrogen pro-
gestin or androgen (such as 17p-estradiol for treatment of post mencpavesl symptoms In women) or an ant-
infective agent (e g berzalkonium chioride)

Generelly speaking the therapautic dosage ranges for adminktration of drugs In the pharmaceuticel for-
muiations deacribed herein will be the same as or leas than {in some mstences, substantially less than) those
characteristically used for administration of the drug per se {or in the case of the carrier-druge of the parent
drug apecioa par ss). Naturally such therapaube dosage ranges will vary with the sze and apecies of the pa-
bent, ths condition for which the formulation s adminstersd the routs of admemstration employed and the Ike
The quantity of given dosage form needed o deliver the desired dose of active ingredients will of course dapend
upon the concentration of the drug In tha pharmacsuhcal formulation

In & simiiar manner to the pharmaceutical compositiona described above compaositions compnaing the
non-drug/cycodexrinfpolymer products prapared according lo the present mvention will be formulated In ac-
cord with ther nterdied use A non-toxae pharmacautically accepteble carner as usad In the instant pharma-
cauticel compoations wil normally meet or excesd the mquirements for use in coametics agrochemicals and
even in foads Such a carrer is therefore eminently well sulted for coametic, food end agricultural applications
aswell Yetother carriers can be used for these other applicaions, howsver just 8o iong asthey are accaptable
for uss In fooda or coamatics or agrochamicala as the case may ba Thus, for axample an agriculturally ac-
captable carrier will be used with an agrochemical/cyclodextrin/polymsr product, which will tteelf be present in
an effective amount, 19 a herbicidally sHfectiva amount when the agrochemical ia a herbicade a pestcidally
sffeciive amount when the sgrochemical Is a pestcide a funguadally effective amount whan the agrochemical
Is 8 fungicide and so forth Appropriate carrier materials for use with food eddives or coametic edditives or
agrochamicala m addition to non toxic pharmacsubesily acceptable carners will ba apparent to those skilied
In the food coamstic and agrochemical arta.

In order fa further [fusirate the presant Imvantion and the advantages thereof the following specific ex-
smples are givan |t being understood that same are intended only as lilustative and in no way limitative of
Lhe invenbon

Example 1

Solubfiitlas {S) of various drugs in four diffarent sotvents, Le (a) waler (S,) (b) aqueous 0 25% (wiv) sodium
carboxymethylcsiluloss salution {CMC) (53) (c) aqueous solution of 10% (w/v) 2 hydroxypropyl -cyclodextrin
(HPPCD) of molar substtubon (MS) = 0 8 (8) and (d) aqueous solution contaimng both 0.25% (w/v) CMC and

1
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$0% (wiv) HPRCD MS =0 8 (S,) were determined by adding an excess amount of Lhe drug to be feslad to the
soivents and heating the suspensions formed In sealed contalnars to 120°C The suspensions were kept al
this temperahure for 20 minutes and then allowead b equilbrate for 3 days at room temperature {approxumatety
23°C) After equilibration aliquots were fétered Lhrough 0 45 pmn membrane fitters diuted with a mixture of
methanat and water (7 3 viv) and analyzed by an high pressure Iiquid chromatographic (HPLC) method The
results sat forth m Table 1 ahow that the solubilizing sffect of HPBCD was increased by 4 to 57% (5.,/8, =
104 ta 1 57) whan 0 25% CMC was presant in the solution

i

The effect of CMC on the solubilization of vanious drugs in aqueous HPSCD solutioas

29%
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. Tahie 1 ~ continued
Drug 8; (mg/ml) 8, (mg/mh) 5, (mg/ml) 84 (mg/ml) S¢S
Predn:solone 038 053 1360 1530 113
Progesterane 000 0 00 403 611 152
Sulfamethoxazole 036 08 10 01 12 60 126
Termazepam 060 065 301 348 116
Tnamemolone 003 007 209 258 123
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Example 2

The etfect of increasing CMC concentration on the solubllity of three drugs In aqueous 10% (w/v) HPBCD
MS = 0 9 solution was also detarmined under the zcama condiion as in Example 1 The resuite are shown
In Table 2.

{w/¥)
375
1870
188

0.50% CMC

0 25% CMC
{wiv)
321
1578
13

0.10% CMC
{w/v)
360
1597
149

Tahle 2
The effoct of increasing CMC concentration on solubulization

(wiv)
252
12 83
090

0.00% CMC

Drug
Hydrocortisone
Oxazcpam

Example 3

The effect of heating on the sclublization of hydrocortisone in aqueous solution containing 10% {wiv)
14

/4
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HPRCD MS =0 8 and 0.25% (w/v) CMC was investigated as follows An excess amount of hydrocoriisone was
added to the solution and the suspensron which was formed was heated o 120°C In a sealed container The
suspangion was kept at this tsmperature for (2) 20 (b) 40 {c) 60 and (d) 80 minutes At sach tme paint an
aliquot of the suspansion was removed end sllowed to equilibrate for 3 days at mom temperature (approxl-
mately 23°C) Alter equilbrabon each eliquot was filtered through a 0.45 pm membrane fliter, diuted with a
mexture of mathanol and water {7 3 viv) and analyzed by HPLC The resuits in Table 3 ehow thatthe solubilizing
affect of the HPACD-CMC mxture increaass with increasing duration of haating

13
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The effect of heahng on the solubilizanon of hydrocortisone. The solubility of hydrocortisone 1n aqueous 10% (w/v)

Table 3

HPACD - 0 25% (w/v) CMC solution at room iemperature

ol

Duration of Hesting (Minutes)
20 40 60 80
Solabllity (mng/mi) 1702 1702 19 86 2592

29%
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was Investigated by determining the phase-salubfiity dragrams of hydmecortisone in aqueous 2-hydroxypropyl
p-cydodextrin (HPRCD) of molar substitution {MS) 0 8 solutions and calculating the stabilty constant (K} for
the complex from the slope and the solubllity (S,) of hydrecortisone In water {1x10 3 molfiter)

K, = slope x (S,x(1-slope))-!

An axcess amount of the drug wes edded to water cantaining from @ to 0 7% (wiv) PVP and verying
smounts of HPRCD The suspensions which formed were heatsd in sealed conainers 1o 120°C and kept at
that temperature for 22 minutes After equiibration for at leaat three days at room temperature (approsomataly
22°C), ainyuots of the suspansions were removed from the contalners and sach aliquot was Fitared through a
0 45 pm membrane fliter and analyzed by HPLC The solublity of the drug was determined atlaast three times
at each HPPCD and PVP concentration and the slope of the phase-solubilty dlagram was determined by linear
regreasion of the mean solubiity versus HPRCD concentration valuas m male per liter The correlation coed-
flcrant {corr ) was calculated for each linear regression The resutts are shown In Table A below

17
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Corr
0 981
0972
Q994
0977
0999
0999
0999
0 995
0 996
0 998
1 000
0999

Ishke A

The effect of VP on the stability constant of the hydrocortisone-HPFCD MS 0 6 complex at room temperature

(approx 22°C)

§ |8|8(8(%(&(5(3 88353
Qlo|ojo|olo|o|ojolo]lola
M PM .I.s |52

3 HEHEEHEEEHNHEEE

The results In Table A show that it was possibls to abtan over 40% increase (at 0 1% PVP concentration)
In K, by addition of PYP The increase was conceniralron dependent and decreased somewhat upon further
adddion of PVP
PartB
Comparable results ware obtalned when the effect of PVP on the solubfiizaticn of hydrocorbsone by
HPBCD MS 0.6 was investigated The solubllity of hydrocorhsona was datermined in aqueous 10% (wiv)
1
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HPPCD MS 0 8 solutions contaiming from C to 0.4% (w/v) PVP {molecular welght 360,000) An exceas amount
of hydrocortisone was added to the aqueous 10% HPPCD eclutons and the suapensions which formed were
heated in easled containers to 120°C and kept at that temperature for 22 mmutes After equliibration for at least
three days at room temperaturs (approximately 22°C), aliquots of the suspenaans were removed from the con-
tainers and sach aliquot was flitered through a 0.45 pm membranae filter and analyzed by HPLC The solubility
o1 the drug waa determined at least thres timea at each PVP conceniraton and the resuita are shown in Fig
1 (the mean values of three sxpariments + tha atandard error of the mean)

Fig 17 shows that & maximum solublization of hydrocortisons In agueous 10% {(w/v) HPBCD MS 0 8 sol-
ution was obtained when O 1 ta 0 15% (wh) PVP wes prasant In the solution and that the solubiizahon at the
maxmum waa about 32% compared to squecus 10% (w/v) HPRCD MS 0 & salubon contalning no PVP Similar
results were obtained when other water-solubls polymers e g carboxymethylcellulose and hydroxypropyl me-
thylceliviose were added o aqueous cydodaxirin solutions Genarally a maximum solubiiization was obtained
when the polymer concentration was abave 0 003% {w/v) but below 0 1% but thra was dependent an the type
of polymer added to the aqueous cyciadextrin aclution the chain length {or the molacular weight) of the poly-
mer and the cyciodaxtrin concentration in the aqueous solullon

The maximum effect ls obbiined at a very low polymer concentration before the polymer has any real sffact
on the viscosity of the solution For example the viscosity of a solution containing 10% or lsss PVP Is assen-
tially the same a3 thet of water (Handbook of Pharmaceulical Excppwents American Pharmacautical Associa
tion and the Pharmaceulical Society of Great Britan Washington 1888 pp 234 239) Also this increased
solubliization (Le compisxmation} Is a stable condition Tha increased drug solublity frequently observed in vie-
cous aqueous soluttons thatis formetion of supersaturated drug solution Is an unatable condition which usu-
alty mturns to a stable condition (under precipttation of the drug) within 2 few hours from its formation (Uekama
et J ind Phenomena 1 303-312 1984) Thus this mcreased complexation n the presenca of a very amell
amount of 2 water scluble polymer s not direcily related to increased viacoslty of the aqueous solution

Exampls 5

Solublittes (S) of three drugs In four different solvents 1 e (a) watar (S,) (b) aqueous 0.25 % (wiv) sodium
carboxymethylicsilulcse solution (CMC) (S3) (c) aqueous solution of 10% (wiv) hydroxyethyl-p-cyclodextrin
{HESCD) of molar subatitution (MS) =0 8 (S,) and (d) aqueous aclution containing both 0 25% (w/v) CMC end
10% (wiv) HEBCD MS =0 6 (S,) were determined as n Example 1 The results in Table 4 show that the sol-
ubiltzing effect of HEACD was mereased by 32 to §3% (8,/Sy=1 32to 1 53) when 0 25% {wiv) CMC was present
in the soluton

19
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S4/S;
153
132
139

S (mg/mi)
26 81
3
981

s,(lll"llll)
1751
251
707

§, (mg/mD)
110
0 06
06

§; (mg/mb
036
004
036

Miconazole
Sulfamethoxazole

Hydrocortisone

The effect of CMC on the solubilization of drugs 1n aqueous HESCD solutions

Example 8

Sdlubilities (S} of hydrocortisone in four different solvents | e (a) water (S,) (b) aqueous 0 25% (wiv) hy-
droxypropyi methyicellulose solution (HPMC) (52) (c) aqueous solution of 5% (w/v) 2-hydroxypropyl « f-
or y-Cycladextrin (HPuCD HPBCD or HPyCD) of molar substituton (M3) =0 6, 0.9 and 0.6 respectively (S3)
and (d) aquaous solution contaiming both 0 25% (wiv) HPMC and 5% (wiv) HPaCD HPPCD or HP4CD (S,)
were determined as in Example 1 The results In Teble S show that the solubkizng effect of the cydodextrin
derivative was increasad by 10 to 50% (S, /S; = 1 1 io 1 5) when 0 25% HPMC wes present in the sclution



302

0

2

EP 0570 438 A1
]
k‘lv Vi N =
w — -t | -
]

S.(mslml)
36
17
87

§;3 (mg/ml)
24
67
77

14
14
14

04
04
04

S, (mg/mh) | S, (mg/mp

HPaCD MS = 0 6
HPSCDMS =09
HPYCD MS = 0 6

C

The effect of HPMC on the solubilization of hydrocortisone 1n aqueous cyclodextrin solutions

Example 7

Solublilties (S) of three drugs in four different solventa | @ (a) water (S,), (b) aqueous 0.25% (wv) poly-
vinylpyrralidona solution (PVP) (S;) (<) aqueous solution of 10% (wiv) hydroxypropyl-p-cyclodextrin (HPRCD)
of molar substitution (MS) =0 7 (S4) and (d) aqueous solution contalning bath 0.26% (wiv) PV and 10% (wiv)
HPBCDMS =0 7 (8,), was detarmined aa in Exampis1 The results In Table 8 show that the solublllzing effect
of HPRCD was increased by 27 to 128% (85, = 1 27 o 2 28) when 0.25% {w/v) PVP waa present in the sol-
ution
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Example 8

Solubdities (S) of varlous drugs In eight different solvents | @ (a) walar(S,) (b) aqueous 10% (v/v) ethanol
salulon (S,) (c) aqueous 0.25% (w/v) sodium carboxymet hyl-cellulose soluton (CMC) (8a) (d) aqueous sol-
utlon containing bath 10% (v/v) sthanol and 0.25% (wiv) CMC (S,) () equeous solution of 10% (wiv} 2-hy-
droxypropyl fi-cyclodextrin (HPRCD) of motar substiution (MS) = 0 6 (84) (f) aqueous sclution contalning bath
10% (v/v) ethanol and 10% (w/v) HPBCD MS =D 6(Sy) (9) aqueous solubion contalnng both 0 25% (w/v) CMC
and 10% {wiv) HPBCD M& =0 8 (S~} and (h) agueous solution containing 10% (viv) ethanal 0 25% (w/v) CMC
and 10% (wiv) HPRCD MS =0 8 (S,) ware determined 8s in Example 1 The results m Table 7 show that CMC
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ks also gbie to increase the solubicing effect of HPACD in aqueous ethanalic solutone.

Ss
250
1327
12 55

S,
3l
20 64
2 50

8
219
1091
22

3
252
1288
198

LA
075
153

Solubility (mg/mi)

3
084
110
0 06

5y
070
036
004

Drug
Acetazolamde
Hydrocortisone
Miconazole

The effect of ethanol and CMC oa the solubilizing effect of HPACD 1n aqueous solutions
5;
111
083
031

Example 9

The permeability through a semi-permeable membrane was investigated Samipermesble celiophane
membrane was placed In a Franz diffusion celt contalning 10 ml agueous 5% {w/v) HPACD solution a5 the re-
ceptor phass The donor phese consistad of & suspansion of approaximately 3% (w/v) hydrocortisone in () aqu-
#ous 10% (wiv) hydraxypropyl-f-cyciodextrin (HPPCD) solution and (b) equeous solution containing both 10%
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{wiv) HPRCD and 0 25% (w/v) carboxymethyl-celluicse (CMC) prepared as desczibed m Example 1 and 2m!
of the donor phase applied to the membrane surface (area 3 1 em?) The asesmbled diffusion calls ware kept
at room tempaerature {224 1°C) and samplea (30 pl) were remaved from the donor phese every 10 minutes up
to 2 hows and anafyzed immediately by HPLC The resuita shown in Table 8 clearly indicats thet hydrocor
tlaone 1s releasad fester from e suspension contalning CMC than from suspenslon contalning no CMC

F (pg/cor/minute)
kX7
536

The solubihity (S) and the flux (F) of hydrocortisone through & semu-permeable cellophane membrane from
S (mg/ml
14 96
19 23

hydrocortisone suspenuons in HPACD vehicles

Aqueous (10%) (w/v) HPACD solution
10% (w/v) HPSCD and 0 25% (w/v)

Vehicle composition
CMC

Aqueous soluhon contmining
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Example 10

The effect of carboxymethylceliuloss (CMC) on the relaase of hydrocorbisone from tablets contalning hy-
drocortisone-HPACD complex was Investigated

Thea freeze-dried hydrocortisons HPSCD complex was prepared by addmg an excess of hydrocartisone
o aquecus salution contaming 50% (wiw) (about 58 % wiv) HPBCD and D O 1 or 0 25% (w/v) CMC and heabng
lhe hydrocoriisons auspensiona formed for 20 minutes at 120°C After aquilibrabon for 3 daya at room tem-
perature the suspsnsions were filtered through 0 45 jum membrane fikers the filtrates were lyophiizad and
the solid which formed was ground with a morter and pestie The amount of hydrocorhsone incorparated into
Lhe HPPCD complex was determined by HPLC

Indsdual disha of 200 mg hydrocortisone-HPICD complex were compressed in a hydmulic prese under
vacuum and a force of 1x104 kg for 1 5 minutes using & 13 mm (dlemeler) IR patasshem bromwe palist punch
The disks hud & croas-sectional area of 1 33 am? Each disk contalned approximataly 27 mg of hydrocortisone

The dissclution studies were carnad out using a USP XXIi described paddie apparatus fkor dwsalution rate
determination The release rate was determinad at 37:1%C and 100 rpm by adding one tablet to 900 mi of water
Samples were withdrawn at various tme Intervals fiitered through O 45 membrane Fliters and analyzed by
HPLC

The resulta in Fig 2 show that hydrocortisone dmeolves aignificantly faster from lableta containing hydro-
corbsone HPPCD complex prapared in the presence of CMC than from tablats prepared in the absence of
CMC The reauits shown In Fig 2 are the average of four experiments The dwsolubion tests wene slarted at
time zevo Three minutes later 88.3% of the hydrocor tisone had dissolved from tablats contalning hydrocorti
sone-HPBCD complex formed without the addition of CMC, 74 2% of tha hydrocortsone had dmsolved from
tablets containing hydrocortisone-HPPCD complex farmed with the addition of 0 1% (wiv) CMC and 81 0%
of the hydrocortisons had dissoived from tableta contalning hydrocortsona-HPBCD complex formed with the
addition of 0 25% (w/v) CMC

Exaenple 11

Eye drope contelning a carbonic anhydrase Inhibitor acetazolamide were prepared the following way Hy-
droxypropyl methyicelluose (HPMC) 0 25% {(wiv) wae dissoived In distiled water and hydroxyprapyl-B-cyclo-
daxirin MS = 0 6 20% (wiv) banzelkonlum chioride [0 02% {w/v]] and the sodum salt of ethylenediaminets-
traacetic acid [EDTA, O 1% (wiv)] were then diasalved In the aqueous HPMC adution Finally acetazolamide
1% (wiv) was added to tha solubon and disacived by heating m an autodiave (120°C for 20 mm). Tha eys
drap solution which formed was allowed to equiiibrate at room lemparature for one week

Thae topleal activity of the carbonic anhydrase mhibitor aye drop solution was evaluated in conscrous white
New Zealand rabbiis of sither sex (2.5 t0 3 5 kg) The intraoadar prassure was recorded by a pneumatic ton-
ometer without local anasstheaia. The eya drop solution (0 1 ml) was placed on the cornea of the right eye
(the left ays was used as control) and the intraocular pressure was recorded at various time Intervela (Fig 3)

Example 12

Hydrocortisone mouthwash was prepared In the following way HPBCD MS =0 6 (3 5% (wiv)} peppsrmint
ofl (0 05% (w)), ethanol (12% (v/v}) CMC (0 5% (w/v)), benzalkonlum chioride (0 02% (wiv)) and the sodium
salt of sthylenediaminetetraacetic acld (D 1% (w/v)) were dissolved in water and the solution was heated in a
saealad contaner in an autoclave (120°C for 20 mnutes) After equlibration 1o room temperature hydrocort-
sone {0.3% (w/v)) was dissolved in the cyciedexinn solutian

The taplcal activity of the hydrocartisone mouthwash aclution was svrluated as follows Patients were se-
lactad on the baals of severe ulcgrabon, causing considerable pain discomfort iInconvenisnce with work and
thelikke Normalily the patents had unsuccessfully ined numeraus other remedies such s gentian violet, chlor
hexidine silver nirata hydrocortisone amnd triamcinclone from a variety of sources Each patient washed
his/her mouth with 5-10 mi of the hydrocortiaone mouthwash three to four times a day and the resulls wers
evaluatsd sflar treatment for two weeks The resulis ere shown In Table &
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No Change Improved Relapsed®
14
6
6

Number of patients

Worse
|
0
1]

Total
17
6
8
*Relapse, of those which showed improvement, within 6 months after end of treatment

Chinical results of treatment of patients with hydrocortusone mouthwash

Miscetlaneous autoimmune

Recurrent oral ulceration
disease

Diseage
Lichen Planus

Quantitative analysis

The quantitative determinatons of the ndividusl drugs were perforined on a raversaed-phase high
performance liquid chromatographic (HPLC) component system consisting of a Milton Roy ConstaMetric 3200
solvent dellvery system, a Rheodyne 7125 Injector a Spactro Monitor 3200 uv/ivis variable wavelength detector
and & LIChrasorb®RP-18 5y (125 x 4mm) column For other conditions see Table 10. The quanttative deter-
mination of econaznle was done spactropholometrically {Perkin-Eimer 5505E uvivie spactropholometer) at we-
velength 225nm Solvent ratios Indicated refer to parts by volume
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Tahle 10

Conditions of quantitative drug determunation by HPLC

-]

o

Flow Wave | Reteution
Drug Mabile phase rate length time
(ul/min) (um) (mim)

Acetarolamde Acetonitnile, acetic acsd, water (10 2 88) 15 263 40

contuning 0.015% 1-octanesulfonate
Alprazolam Methanol, water (70 30) 15 254 28
Butylaed hydroxyamisole | Methanol, water (70-30) 15 285 36
Camphor Methanol, water (70 30) 15 200 32
Chiorbutol Acctonitnle, water (60 40) 15 205 20
Dexamethasone Acetontnile, teirahydrofuran, water (30 5 65) 15 254 40
Diazepam Methanol, water (75 25) 15 226 40
Ethoxyrolamude Acetonitnie, waler (35 65) contaiming 0 1 % 10 254 32

1-hexanesulfonate
Hydrocarhisone Acetonitnle, tetrahydrofuran, water (30 1 69) 15 254 26
Methylparaben Acctonitnle, water (36 64) is 260 44
Methylyellow Acelonitrile, water (78 22) 15 205 52
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Flow Wave | Retention
Drug Moblle phase rate length time
(mU/min) (nm) (min)

Miconazole Methanol, 0 01M aqueous potasuum 15 mn 26

phosphate solunon (pH=4 5) (90°10)
Oxazepam Methanol, tetrahydrofuran, water (55 2 43) 15 226 28
Pentachlorophenol Acetomitnle, tetrahydrofuran, water (78 3 19) 15 248 24
Predmsolone Acetonitrile, aceuc acid, water (1705 82 35) 15 242 40
Propylparaben Acetomimle, water (40 60) 15 260 52
Salicylic acid Methanol, acetic acid, water (35 | 64) 15 300 48
Sulfamethoxazole Acetonutnle, acetic acid, water (30 1 69) 15 253 24
Temazepam Methanol, water (70 30) 15 275 28
Tnamcinolone acetonide Acetonitnle, water (42 58) 15 254 28
Trimetopnm Methanol, acetic acid, water (39 1 60) 15 287 24

contasng O 005M

1-pentasulfonate
Vanmilin Methanol, water (70 30) 15 275 24
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{wiv) HPBCD and 0 12% (wiv) PVP 0.12% (wiv) or CMC 0 12% (wiv) HPMC The solubilities (S) of three druge
in thesa solutions and In an equeous solution containing 10% {wiv) HPRCD without added polymer wers then
determined as follows

An excess amount of sach drug waa added o each of the four cyclodextrin salutiona and tha aclutions
were sonicaied in an yltrasone beth for 3 hours then allowed to equiibrata for 80 hours at room temperature
{23"C) After squiibration aliquots were filtared through 0 45mm mambrans fliters dilutad with a mixturs of
methanol end watsr and enalyzed by an HPLC meathod The results are sat forth in Table 11 below where S,
ls the solubility in aqueous solution contalning 10% (w/v) HPRCD S; s the solubdity In aqueous solution con-
tainmng 9 88% (wiv) HPRCD and 0 12% (wiv) PVP,; S, is the solubiily in aqueous solution containing 9.88%
(wiv) HPPCD and 0 12% (wiv) CMC and S, Ia the golubllity in aquacus solubion containing 9 88% (wiv) HPRCD
and 0 12%, (wiv) HPMC The results show that a solid polymer/cyciodextrin product can ba prapared which has
enhanced complexing abllities and that the drug liself need nol be healed tn achievs enhancement. Never
thelass i ls expected Lhat a grealer increasa in apjublity would be observed at higher polymer cancentrabons
fe g 025% (wiv)] and/or I the solullons ware heated after eddibon of the drug However by separaie prep-
aration of the cycodextrin/polymer complexing agent aa ilustrated here one can readily avoid heating drugs
which are unaiable at slevated tsmperature

30
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aquecus solution of 10% (w/v) 2-hydroxypropyl p-cyclodextrin (HPRCD) of moler substitution (MS) = 0 8 (Sy)
f} agueous solutions containing both 0.25% (w/v) CMC and 10% (wiv) HPRCD MS =08 (8,) g) agueous so}-
utlons containing both 0 25% (wiv) PV and 10% (w/v) HPRCD MS = 0 8 (S;) and h) aqusoue solutions con-
taining bath 0 25% (w/v) HPMC and 10% (wi} HPRCD MS = 0 8 (Sy) An axcess amount of the campound to
be lested was added to each scivent and Lthe suspensions which formed wera heatad in eealed contalners to
120°C. The solubity of salicylic acd wae determined in acidic {HC1) solubon The suspensions were kapt at
this temperature for 20 minutes and then allowed to aquibrate for 3 daya st room temperature (approximataly
23"C) Alter squillbmbon aliquots were fitered through 0.45 pm membrane fiters dliuted with & mixiure of
methanol and water (7 3} and analyzed by a high presaure liquid chromatographic {HPLC) method The resulls
in Table 12 show that the solubilizing effect of HPPCD was increased by 2 b 134% (solubliity mbo of 1 02 o
2 34) when 0 25% polymer (CMC PVP or HPMC) was present in the sclution

M
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The effect of polymers on the solubihization of vanous compounds in aqueous HPSCD solutons The solubility ratios
(the solubility 1n HPACD solution containung the polymer divided by the solubility in HPSCD solution contaning no polymer)

are shown mn parentheses
5y 5, Sy Sy Sg S¢ 5, Sy
Compound (mg/mD) | (mg/mD | (mg/ml) | (mg/mD | (mg/ml) | (mg/wh | (mg/ml) | (mg/mD
Butylated 040 040 124 028 139 143 158 155
hydroxyanisole (103) (1 14) (112
Camphor 184 201 220 192 127 138 137 133
(109) {1 08) {1 05)
Chlorbutol B 11 841 8 41 815 286 29) - 299
(102) (105)
Cholecalciferol NO NO NO NO 0 61 072 076 06
(1 18) (125) | (114)
Methylparaben 316 316 340 316 8 46 - 105 114
(124) (135)
Methylyellow 64x10% | 85x10* | 85x104 | 75x104 | o023 024 024 025
(1 04) (1 04) {109)
Pentachlorophenol 00 006 (1Y ix] 003 06l 099 143 .
(1 62) (2 34)

EIre

ISty 8.8 043
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I3 R

Sg
(1 06)

s,

(mg/m) | (mg/mb
00
09)
407
(1 10)

Q
(

mafa | tmgiad | og'aD
828
3T
250

890
a4
423
(1 14)
273
(1 09)

S
029
171

g

Not tested

S,
(mg/mi)
033
137
NO No solubility could be observed, the solubility was below the detection lumits

Salicylie acid
Vamllin

Example 18

The effect of polyvnylpyrrolidone (FVP) on transdermal delivery of hydrocortieone from aqueous 2 hy-
droxypropyl B-cyclodextrin of molar subetitution 0 8 (HPRCD MS 0 8) was Invesbgated in vitro Female halrless
mice were sacrificed by cervicsl disiocation The whole dorsal skin was removed and placed carefully ina Franz
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diffusion cell contalning 10 mi equeocus 5% (wiv) HPECD MS 0 8 as the mceptor phase The donor phase con-
sisted of a salurated hydrocortisone solution In (8) aqueous 8% (wiv) HPACD MS C 6 solution and (b) aqueous
solubor contalning both 6% (wiv) HPBCD MS 0 6 and 0 25% (wiv} PVP prepered as described In Example 1
[The amounts of cyclodextrin and polymer were selectad such thet solutions {(a) and {b) achleved equivalent
solubizing of the drug ] 2 Mi of the donor phass was appliad o the skin evrface {area 3.1 cm?) The diffualon
calis warn kept at constant temperature arculating 37°C water from a constant temperature water bath and
samples {500 um) wera removed at vanous time Intervals up to three days from Lhe donor phase and analyzed
by HPLC The resulis in Table 13 clearly ahow that tranadermal delivery of hydrocortinons was over two tmes
faster from the PVP-cantaning sample

Iable 13

The concentration of a saturated solotion (C) and the flux (F) of
hydrocortisone through harless mouse slan from HPSCS MS 0 6 contanung
vehicles Each expenment was repeated 4 hmes and the results are the
mean + standard dewviahon

| Vehicle composition F (amVem?/h)

007540023
| Aqueous 8% (w/v) HPACD MS
0 6 solution

Aqueous solubon contumng both
| 6% (w/v) HPSCD MS 0 6 and 0 15840 035
025% (w/v) PVP

Example 16

Solubilitiea (8) of hydrocortisone In agueous solutiana containing four different cyclodextnns (CDe) 1€
hydroxysthyl-R-cyclodextrn (HECD) with molar substiution (MS) D & msthyl p-cyciodextrin (MBCD) with de-
gree of subatitution 1 8 monasubstituted glucosyl-u cycadaxtrin (Glucosyl «CD) monosubstituted glucosyl
f-zycdodexirin (Glucosyl-fCD) monosubstituled maltosyl-« cyclodextrin (Maltosyl-«CD) or monosubatituted
maltoayl-§- cyclodextrin (Maltosyl-pCD) with and without 0 25% (wiv) polymer 1 & sodium carboxymathyicet
kilose (CMC) polyvinylyrrolidone (PYP) or hydroxypropyl methylceliulose (HMC). were deterrmned as in Ex-
ample 1 The results in Table 14 show that the polymers increesed the solubilizing effect of the CD dervatives
by 8 la 100% (S/Sx = 1 06 1o 2.00)} when 0 25% polymer was present in the solution

2/
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/ Tabje 14
The effect of polymers on the solubihization of hydracortisone in aqueous CD solutions
[ b ¢
Cyclodextrin Polymer (:&,,mn (:!erm 8cp/Seo
HESCD CMC 175 26 8 153
MACD CMC 186 20 1 108
MACD PVP 186 202 109
MSCD HMC 186 218 117
Glucosyl-aCD CMC 27 54 200
Glucosyl-«CD PVP 27 36 133
Glucosyl-aCD HMC 27 54 200
Glucosyl-8CD cMC 170 202 119
Glucosyl-8CD PVP 170 22 131
Maltosyl-oCD cMC 41 61 149
Maltosyl-8CD CMC 104 183 176
Maltosyl-8CD PVP 10 4 195 188
Maltosyl-8CD HMC 104 179 1 72

& = Solubility 1n aqueous 10% (w/v) CD solution

b Solubility 1n aqueous solution contaiming both 0 25% (w/v) of the given polymer and 10% (w/v) CD

€ = The solubshity ratio

LAY
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An excess amaunt of the drug was added to water containing 0 01 025 or 0 5% (w/v) PVP and various
amounts of HPRCD or HPuCD The suspensions which formad were healed In agalad contalners tp 120°C and
kept st that tamperature for 22 munutes After equilibration for at least asven days at 6 20 30 40 and 50°C
alquots of the suspensions were removed from the contaners and sach allquot was flitered through a 0 45
pm membrane fbsr and analyzed by HPLC K, was calculated at sach temperature and AH and AS were cal
culated aa described In A. Martin J Swarbnckand A Cammerata Physical Pharmacy The Physical Chomice!
Principles in the Pharmaceutical Scrences, Third Edibon Lea & Febiger Philadelphia 1983, Chapter 13, pp

314-348

EP 0 579 435 A1

The results sre shown In Tables 15-18 balow

Table 15

The effect of PVP on AH and AS for the stability constant (K,) of the
acetazolamide-HPACD MS O 6 complex

4 §J morlKchy

-26 0

-49 6

-46 2

49 8

The effect of PVP on AH and AS for the stabihty constant (K,) of the
hydrocortisone-HPoCD MS 0 6 complex

AS (J mol iKY
702
010 93 94 §
025 484 1242
050 357 819

3l
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Table 17

The effect of PVP on AH and AS for the stabihty constant (K.) of the
hydrocorusone-HPSCD MS 0 6 complex

025 -36 § -56 4
050 388 649
Table 18

Theeﬂu:tofl'VPmAHandASforthestlbuhtycmﬂmt(KJofthe

178-estradiol-HPACD MS 0 6 complex

It haa been shown that AH and AB generally become more nagahve as the atabliity constant for molecular
compiexation increasss (A Martin J Swarbrickand A Cammarala Physical Pharmacy” The Physical Cham-
lcal Principiles in the Pharmaceutical Sclences Thed Edition Lea & Febwger Philadselphla, 1983 Chapter 13
pp 314-348) Aathe binding batwesn the drug and the cyclodaxirin bacomes stronger AH would be expected
to have & larger negative value Apparently PVP increases the struciural restramt of the complex in the aqu-
sous solution leading to a larger negative AS value These thermodynamic changes indicate thal ihe water
soluble PVP polymer participates dwectly In the complex farmaton

While the invention has been described In lerms of various preferred embodiments the skHed arbsan wil
appreciate that various modifications substitutions ommsslons and changes may be made without departing
from the spwit thereof Accordingly K ls intended that the scope of the prassnt invention ba limitad salely by
the scope of the following claims Including equivalents thereof

7
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Clalma

1

A mathod for enhancing the compiexation of cyciodextrin with a lipophllic and/or water labile drug sald
masthod comprising combining from aboul D § to about 70% (weight/volume) of eyclodaxtrin and from about
0 001 to about 5% (weight/volume) of a pharmaceutically acceptable pharmacologically Inactive water-
aoluble polymer in 8n equeoua medium the polymer and cyclodextnn being dissolved In the aqueous me-
dum before the drug la added the aqueous medium which compnses the palymer and cydadaxtnn baing
maintained at from about 30 to about 150°C for a psnod of from about 0 1 to about 100 hours before during
and/or afier the drug Is added optionally followed by removal of water

A method for enhancing the complexabon of cyclodextnn with a lipophiic and/or watsr labde coametic
additive food edditive or agrochemical sald method comprising combining from about 0 1 to about 70%
{waight/volume) of cyciodentrin and fram about 0 001 to about 5% {(weight/volume) of a water-soluble poly-
maer acceptable for use In cosmatics, foods ar agricultural compositions 1n an aqueous medium. the poly-
mer and cyclodentrin being dissclved in the aqueous medium before the cosmetxc additive food additive
or sgrochemical s added the aqueous medium whrch comprises the polymer and cyclodextrin beng
maintained at fram about 30 to sbout 150°C for a periad of from about 0 1 to about 100 hours befors during
and/or after the cosmatic additive food additve or agrochemical is added optionally followed by remaval
of water

A mathod for solubliizing and/or stabliizing a lipophlic and/or water lablle drug in an aqueous medwin

said method comprising compleong sald drug In an aquaous medium comprising from about D 1 to about
T0% (weight/volume) of cyclodextrin and from about 0 001 to about 5% (welghtvolume) of a pharmaceut

ically acceptable pharmacologically Inactive watar-acluble polymer the polymer and cyclodextrin bsing
disalved n the aqueous medium before the drug ls added the agueous medum which comprisas the
polymsr and cyciodextrin being mamtained at from about 30 to aboul 150°C for a period of from about 0 1
to about 100 hours before during and/or after the drug Is added

A method for solubliizing and/or slebilzing a lipophilic and/or waler{abie cosmetic additve food additve
or agrochamical In an aqueous medium saxd method comprising complexing sald coamelic additive food
additive or agrochemscal in an aqueous medium compriaing from about 0 1 10 about 70% (welight/volume)
of cyclodextrin and from about 0.001 to0 about 5% (weight/valume) of a water-soluble polymer acceptable
for uee in coametics foods or agricultural composiiana the polymer and cyclodextrin being dssalved In
the equaous madium before the coametic addittive food additive or agrochemical s added the equeous
madwm which comprisea the polymer and cydodextrin being maintaned at from about 30 to about 150°C
far a partod of from about 0 1 ko about 100 hours before during and/or after the drug bs added

Aco-compiax of a lipophilic and/or water Iabile drug cosmetic addive food additive or agrochermcal with
a cyclodaxirin and a pharmaceutically accapiabls, pharmacclogically inective water soluble polymer the
rabo by welght of cyclodexirin to polymsr being from about 4 1 io about 50 000 1 preferably fram about
100r1 to about 10 0001

A pharmacautical composition comprising

{a) a drug complex prepared by complexing a lipophiic and/or water-iablie drug with cyclodextrin in an
agueous medium comprming from about 0 1 to about 70% (weight/volume) of cyclodextrin and from
about 0 001 to about 5% (welght/volume) of a pharmaceutically accepiable pharmacologically inactive
waisr-soluble polymer, the polymer and cyclodextrin being dissclved in the aqueous medium before
the drug = added, the aqueocus medum which comprises the polymer and cycladextrin being main-
tained at from about 30 to about 150°C for a perlod of fromn about 0 1 to about 100 houre bafore during
and/or after the drug |s added optionally folewed by removal of water; and

(b) a non-toxic, pharmaceutically acceptable carrier therefor

A food or cosmstic composition comprising
{(a) a complex of a food addiive or cosmetic addiliva prepared by complexing & lipophilic and/or water
labvle cosmetic additive or food additive with cydadexirin in an squeaus medum comprising from about
0 1 to ebout 70% (werght/volume) of cyclodexirin and from about 0.001 to aboul §% (welght/volume)
of a watar-aoluble polymer accaptable for use in coamelice or loods the polymer and cyciodexinn bemg
disacived in the aqueous madium befora the coameh additive or food additive le added the aqusous
medium which comprises the polymer and cyclodexirin being maintained at from about 30 Lo sbout
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150°C for a periad of from about 0 1 to about 100 hours bafore dunng and/or after the cosmetic addibve
or food addilive ks added optionally followed by removal of water and
(b) a non-toxic carrier acceptabls for use in cosmetics or foods

An agricultural composition comprising

{a) an agrochemical complex preparad by complexing a hpophiic and/or water-Jabies agrochemscal wikth
cyclodexirin In an aqueous medium comprising from about 0 1 to aboul 70% (weight/volume) of cyclo-
dexirin and from about 0 001 {0 5% (welght/voluma) of an agriculturally acceptable water solubls poly-
mer, the polymer and cyclodextrin baing diesclved n the aqueous medium before the agrochamical Is
added the aqueous medium which comprises the polymer and cyclodexinn being mamianed at from
aboul 30 o about 150*C for a perlod of from about 0 1 to about 100 hours before during and/or after
the agrochemicdl is added optionally followed by removal of water and

{b) a non-toxdc agriculturally acceptable carrier therefor

A composition comprising
{a) a co~-complex of a lipophilic and/or water-labile drug cosmetic additive food additive or agrochem-
wcal with a cydodexirin and a pharmeceutically accapiable, pharmacologically mactive water soluble
polymer the ratlo by welght of cyclodexinn to palymar being from about 4 1 to about 50,000 1 prefer
ably from about 100 1 to 10 000.1 and
{b) a non-Hoxlc, pharmaceutically acceptable carner therafor

A complaxing agent for usa In aclublizing and/or stabBlzing a lipophllic and/or water-leblie drug coametic
additve food addiiive or agrochemical sald compisxang agent compnsing a cydodextnin and & pharma-
caulically accepiable pharmacologically inactive water saluble polymer the ratio by weight of cyclodex
trin to polymer bemg from about 4 1 to about 50,000 1 preferably from about 100 1 to 10 000 1 saw com-
plexing agent being formed by healing the cyclodexdrin and polymer In an aquecus medium at from about
30 to about 150°C for e period of from about @ 1 to about 100 houra

A method according to any one of Clams 1 to 4 or a composstion according o any one of Clams 8 to 9
wherein the amount of water-soluble polymer 1s from about D 01 Lo about 0 5% (weight/valuma)

Amethod co-complex, composition or complexing agent according to any one of the preceding claims
wherain the cyclodextrin comprises at least one mamber salactad from the group consmsting of hydroxy-
propyl hydroxysthyl dihydroxypropyl, glucosyl end maltoeyl derivatives ofu,f-and »-cyciodexirin espe-
clally when ths cyclodexirin has a molar degree of substituton of from about 0 05 to about 10

A method co-complex composition or complexing sgent according to any one of the preceding claums,
wherewn the water soluble polymer ks a cellulose darivativa a netural polysaccharide or polypeptide, or a
synthetic polymar which ia a polyvinyl polymer or a copolymer of acrylic acld

Amethod co-complex, composition or complaxng agent according to Claim 13, wherein the collulosd der
vative 1s methylcellulose hydroxyethyl celluloss, hydroxypropyl celluoss, hydroxypropyl methylcelu-
lose hydroxysthyl methyicelluose hydroxypropyl sthylcsllulosa hydroxyethyl sthyt cellulose ar sodrum
carboxymethylceliulose wherein the palysaccharide i inulin pectin sodium, alginats or agar whereln
the polypeptide Is casem or gelatin wherein the polyviny! palymer Is polyvinyl aicohol polyvinylpyrroll-
done or palyatyrens aulfonate or wherein the copolymer of acrylic acid Is carbomer

Amethod co-complex composition or complexing agent according to Clamm 13 whermn ihe water aoluble
polymer m hydroxypropyl methyicelluiose sodwm carboxymethylceliulass or polyvinylpyrrolidone

A method according to Clamn 1 or 3, a co-complex sccording to Claim 5 or a composttion acconding to
Claym 8 or 8 wherein the drug w a carbonic anhydmae [nhiblior f-adrenergic blocking agent, sterowd sed

ative tranquillzer anticonvulsant, antidepressant, antipsychatic, hypnotic, muscle relaxant, antiapasmad-
le, anticoagulant, cardiotonle, vasodiator vasoconatrictor plataletinhibltor anb-arrhythmic, antihypertan-
sive antifungal antipratozoal antbacterial antivobc, anb-infectve antiviral anthelmintic antineoplastic

vitamin emetic, antemetic dhwetic, non-steroldel analgesle or ant-inflammatory agent, anesthetic, hy-
poglycemic, radiodiagnostic, antihistaminic, serotonin antmgonist, H2 antegonist, narcotic antsgonist, ner

colic agonist, mixed narcotic agonmt-antegomet, pharmacologically acuve prolein  dopaminergic/ant-
Parkinsonism agent or agent for reating Alzhswner's dissass
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Amethod co-complex or compasition according to Clasm 18 wherein the steroid 18 anandrogen estrogen
propestin diurstic anabolic agenl, ansathetic or glucocorticold

A method, co-complex or composibon according to Clawn 16 whereln the drug 18 scetazolamide chior-
zolamde ethoxzolamide methazolamide timolol atsnclol carbamazepine phenytoln ketoconeznle
Iraconazole metronidazole benzoats flubendezole co-trimoxazole miconazole carmustne chioram-
bucd doxorublcn lommstine melphalan methotrexats dicumaral nitroglycerin flunarizine, elprostadd
prostacyclin dighoxin digman asplrin apomorphine famotidine furosemede flubiprafen Ibuprofen In
domethacin piroxicam, idocalne, sulindac, penlobarbital phenobarbital secobarbilal chlordiazepoxde
dlazepam medezepam oxazepam lorazepsm flunirazepam astazolam, flurazepam loprazolem lor-
nielazepam nirazepam gquazepam, temazepam or triazolam

Amathod co-complex or compositon according in Claim 17 wherein the drug ts hydrocorbaone dexa-
methasone predniscions 17f-eatradiol 17a-sthinylestradiol ethinyleatradiol 3-methyl sther estnol
norethindrons norethindrone acatate norgestrel ethisterone methaxyprogesterone acetale progester-

one 17-methyltesiosterone tHamcinolone trismcinolone acetonkle testosterons spwronolactone or ek
faxelone

A method according to Claim 1 or 3, a co-complex according to Claim 5 or @ compoaltion according to
Claim 8 or 8, wherein the drug ® the reduced bicoxdizable biood-brain barrier penetrating lipoidal d-
hydropyridine form of a dihydropyridine = pyridinlum aalt redox system for brain-targetsd drug delvery
prefarably wherein the dihydrapyndine form Is a compound of the formula

[D-DHC]
whereln [D] ia a centrally acting drug species and [DHC] » the reducad bwoxidizable, biood-brain barrier
penetrating lipoidal form of a dihydropyridine .= pyndinium salt redox carrler especlally when the centrally
aching drug specses |a dopamine testostarone phenyloln GABA, valprorc acid tyrosine methicilin ox
acilin benzylpenidim doxaclilin, dicloxaclim desipramine acycloww trilluorothymidine zdovirdine hy-
droxy-CCNU, chiorambucil tryptamine daxamethasone hydrocoriisone, sthinyl estradiol norethin-
drone esiradial ethislercne norgestrel estrone estradial 3-methyl ether estradiol benzoate norethy-
nodrel mestrancl indomsthacin naproxen FENU HENU or 5-FU

Amethod co-complex or composition according ta any one of Claime 16-20, wheren the cyclodextrin w
as defined in Claim 12 and the polymer is as defined n any one of Claims 13 to 15, espacially when the
cydodexirin ks hydroxypropyl-fi-cycodextnn or hydroxypropyl-y-cyclodextrin tha polymer is hydroxypro-

pyl methyicelluose sodium carbaxymethyiceliulose or polyvinylpyrrolidone and the drug w a carbanic
anhydrase inhibitor or a steroid

A composition according to Claim 6, 8 or 11 wherein all Ingradiants are ophthalmically accepiable and
wherein the drug Is & carbonic anhydrase Inhibltor or & steroid 1hs polymer s hydroxypropyl methyical-
lulose sodium carboxymethyiceliulose or polyvinylpyrrolidona and the cyclodaxtrin Is hydroxypropyl p-
cyclodextrin ar hydroxypropyl-y-cyclodextnn

Acomposition according to Claim 8 8or11 wherein all ngredients are acceptable for use In a mouthwash
and whereln the drug Is a stercld the polymer Is hydroxypropyl methyicaliuloss sodium carboxymethyl-
cellulase or polyvinylpyrralidone and the cycloteutrin is hydroxypropyl p-cycodextrin or hydroxypropyl-
y-Cyclodextrin

A method according to Claim 2 or 4 a co-complex according to Claim 5 ar 8 compoaltion acconding to
Clam 7 8 or 8 whereln the food or cosmehc additive Is a flavoring agent or fragrence preservatve an-
ticcodant, sweetaning agent, coloring agent or vikamm or wheveln the agrochemical le a funglede herb-
clde or plant growth regulator or an Insectic’de nematocide or other pesticade.
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PCT WELTORGANISATION FUR GEISTIGES EIGENTUM
Inemahionalcs Biro

INTERNATIONALE ANMELDUNG VEROFTENTLICHT NACH DEM VERTRAG UBER DIE
INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES PATENTWESENS (PCT)

(51) Intorustionals Patentkiasifikation 7 (11) Internationnle Verdffentlichmgmummer WO 00/21570
AGLK 471/48, 31/57 Al &5} Tnternationsles

Verdffenilichungsdatum 20 Apn! 2000 (20.04.00)

(21) Internatiomales Akienxcichen PCI/EPOATTIL | (RY) Bestimmungastasten AE, AL, AM AT AU AZ, BA BB

BG, BR BY CA, CH,CN CU CZ DK EE, ES ¥, GH

(22) Internatiunales Anmeldedatom 13 Oktober 1999 (13 1090 GD GE, GH GM HR HU, ID IL IN 1S JP KE KG

KP KR KZ LC LK,LR LS LT LU LV MD MO MK

LS
MN MW MX NO, NZ. PL, PT, RO RU S0, SE, 5G SI
(M0} Priorltiitednten SK SL,TUT™ MR TT UA UG US UZ VN YU ZA
198 48 303 14 Oktober 1998 (14.10 98) DE ZW curssnches Patent (AM AZ, IY KO KZ, MD RU
TF TM) europiuches Patent (AT BE, CH CY, DE, Dh
F1 Pt GB OR IE, IT LU MC, NL, PT SF)

(71) Anmwlder (fir alle Bestmmungsitoaten ausser USy SCHER
ING AXTIENGESELLSCHAFT |DIYDE] Mullcrstruse

178 D-13342 Rerlin (DE). Verdffeatlichi
MIt internauonalem Recherchenbericht
(72) Erfinder, und Vor Ablawf der fir Andenmgen der Anspriiche wgelassenen
(75) ¥rinder/Anmelder (nwr fiir US) HOFERT Peter [DEDHE] Frint  Veriffentlichung wird wiederhols falls Anderungen
Ordersmestorsirasse 49A D-~12099 Berin (DE) BACK elnireffen
ENSHELD Thomas (DE/DE) Eddostrarse 39A D-13127
Beriin (DE)

(54) THlke COMBINATION OR GESTAGENS AND SUGARS
{54) Bezelchnong XOMBINATION AUS NORPREGNAN DERIVATEN UND CYCLODEXTRIN
(ST) Absiract

‘The invention relstes 1o 2 combination of et lcan onc gestagen and a f—cycindentrin or an y-cyclodexmn or the derlvetives of mud
cycladextring obtamed by etherification or eatenfication of the free alcohol functns of cyclodextrm whereln the gesugen s a bridged
4,17-Ca-sterowd  The gestagen 8 preferably (215)-21-hydroxy-21-methyl-14 | 7-cthano~19-norpregna-4,9 | 5-tnene~3.20-dion). The ~
cyclodextrin ls prefermbly S-cyclodexirin  Sald combination 19 used as medicament In the treatinent of chmacteric complamts and fesulity
cantrol

{57 Zumomenissung

Dre Frfindung betrift elne Kombustion sus mindesichs emem Gestagen und einem f-Cyclodextrin ader 4—Cyelodoxinn
oder Derivaten dieser Cyclodextrine, dle durch Veretherung oder Veresterung freier alkoholischer Fumkhonen der Cy
cloinxinme cthalten werden wobe: dass Gestagen ein 14 17-Cp-Oberbriickies Sterosd st Bevorzugl st day Gestagen
(218)-21-Hydmxy-21-methy\-14,) 7-ethano—19-narpregne—4.9 15-triens-3 20--dlon) Bevorzugt mt cin  f-Cyclodextnn De
Kombination wird gls Arzneimittel zur Behundlung von klimakienschen Beschwerden und zur Fertilititskontrolle cingesetrt
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KOMBINATION AUS NORPREGNAN DERIVATEN UND CYCLODEXTRIN

Die Erfindung betinfit eine Kombination aus mindestens emem Gestagen und einem
Zucker Der Zucker stabilisiert das Gestagen dahingehend daf die Acylonumiagenung
i der Sedenkette an den Atomen Cyx und C,, sowie oxidative Zersetzung verhindert
wird Weitertun umfaft die Erfindung auch die Verwendung der Kombinatlon als
Arzneimittel und Verfahren zur Herstellung von Kombinationen

Stand der Technik

Aus der WO 96 / 02277 (Anmeldetag 10 Jul 1996) sind Komplexe aus sterodalen
Sexualhormonan und Cyclodextnn bekannt Allein der Komplex aus 17a-
Ethinylestradiol und [3-Cyclodextnn wird konkret beschrieben

in der Publkation WO 96/20209 mit Anmeldetag vom 4 Jull 1996 werden aligemein
Gestagene beschrieben Dabei wird insbesondere auch emn (21S)-21-Hydroxy-21-
methyl-14,17-ethano-19-norpregna-4 9 15-tnene-3 20-dion  erwdhnt Gestagene
werden zur Behandiung von kimaktenschen Beschwerden emgesetzi Auch 148t sich
die Ferblitdt mit diesen Gestagenen kontrollieren

Gestagene mit einer a-Hydroxyketonstruktur in der Seitenketie unterhegen bei
Lagerung einer Acylotnumlagerung Dabei treten sterische Vananten aul Diese
Umlagerung wird durch wiele phamazeutische Hilfsstoffe (2B Lactose
Magnesiumstearat) beschleurigt

Darllber hinaus traten Oxidationsreaktionen in verschiedenen MolekGlpositionen auf

Aufgabe und Losunp

Es stellt sich somit die Aufgabe Gestagene, insbesondere (21S)-21-Hydroxy-21-
mathyl-14 17-ethano-19-norpregna-4 ® 15-tnene-3 20-dion gegen Zersetzung durch
Acyloinumiagerung oder Oxidation zu schiitzen, ohne die pharmakologische
Vertraglichkeit und pharmazeutische Bearbeitung negativ zu beeintrichtigen

Die Aufgabe wird geldst durch emme Kombination aus mindestens einem Gestagen und
einem B —~ Cyclodextnin oder y - Cyclodexinn oder Denvaten dieser Cyclodextrine die



10

15

20

3T
WO 0021570 PCT/EPSONTTI
2

durch Veretherung oder Veresterung freser alkoholischer Funktionen der Cyclodextnne
erhalten werden,
wobei die Gestagene 14 17-Co - Uberbruckta Steroide sind die zur Gruppe der Formel

| zAhlen

)

R3  fur en Sauerstoffatom die Hydroxyiminogruppe oder zwel Wassersloffatoma

R6  fur en Wassersioff- Fluor- Chior- oder Bromatom oder fur emnen o- oder i
standigen C{-C4-Alkyirest, wobei dann R® und R7 Wasserstoffatome
darstellen oder aber

R6"  fur en Wasserstoff- Fluor-, Chior- oder Bromatom oder fir einen Cq-Cy-
Alkylrest wobel dann R® und R7 ene geameinsame zusitziche Bindung
darstellen

R7  fur einen a- oder B-standigen C4-Cs-Alkylrest wober dann R® und R6
Wassarstoffatome darstelien oder aber

R8 und R7 gemainsam fir ene a- oder B-stindige Methylengruppe und RE' fur en
Wasserstoffatom oder al
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R6 und RE gememnsam for ene Ethylen- oder Methylengruppe und R7 fur ein
Wassarstoffatom

R und R10 jeweils fir ein Wassersioffatom oder ene gemelinsame Bindung,
R11 und R12 jawaeils for ein Wasserstoffalom oder eme gemeinsame Bindung
R13  firemne Methyl oder Ethylgruppe

R15  far ein Wasserstoffatom oder einen C{-Ca-Alkylrest,

R16 und R16" unabhiéngig voneinander fur en Wasserstoffatom emnen C4-Cz-
Alkylresl oder emen Cp-C4-Akenylrest oder gemeinsam fir eme Cq-Cy-
Alkyhdengruppe

R15 und R16 for eine gemeinsame Bindung sowie R16 fur ein Wasserstoffatom oder
einen C4-Ca-Alkyirest oder

R15 und R16 gemeinsam fur enen Ring der Teilformel

__—(GHn
N\

wonn n = 1 und 2 und X eine Methylengruppe oder ein Sauerstoffatom bedeuten sowe
R16' for ein Wasserstoffatom

R171 far ein Wasserstoffatom oder einen C4-Cz-Alkylrest
R172for en Wasserstoffatom einen C1-C3-Alkyirest oder emnen Co-C4-Alkenylrest

R17Y ungd R172 jeweils {r en Wasserstoffatom oder {r eine gemeinsame Bindung
R21 fir ein Wasserstoffatom oder einen Cq Cg-Alkylrest,

R21' fir en Wasserstoffatom emnen C4-C3-Alkylrest oder emne Hydroxygruppe
stehen

Die Schiangeniinien MWV in den aligemetnen Formeln der vorliegenden Erfindung
bedeuten da der betreffende Substtuent sich in der o- oder p-Position an dem
entsprechenden Kohlenstoffalom befinden kann
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Bet den vorstehend als mdglhche Substituenien genannten C4-C3-Alkylgruppen kann
es sich um eine Methyl- Ethyl n-Propyl- oder -Propyl- und bei den C4-Cs-
Alkylgruppen zusatzlich um eine n-Butyl- +Bulyl- oder tert -Butylgruppe handein Eine
Methyl- oder Ethyigruppe st in allen Failen bevorzugt

Im Falle des C2-C4-Alkenylrestes fur R16 R16" und/oder R172 handelt es sich um
ainen Vinyl- Allyl- oder But 3-enylrest der Vinylrest ist bevorzugt.

Spezielle Gestagene

Bevorzugt gemad vorlegender Erfindung sind Kombinationen sus mindestens emnem
Gestagen und emem [ — Cyclodextnn oder ¥ - Cyclodexinn oder Derivaten dieser
Cyclodextnne die durch Veretherung oder Veresterung freier alkoholischer Funktionen
der Cyclodextnine erhalten werden

wobei die Gestagene zur Gruppe der Formel | zahlen

in der

R3  for eln Sauerstoffatom oder zwer Wasserstoffatome, und/oder
RE fir em Wasserstoffatom oder fur enen o- oder P-stindigen C{-Cg-
Alkyirest
wenn R® und R7 Wasserstoffatome darstsllen, oder aber
RE" far en Wasserstoff- Chior- oder Bromatom oder fur emen C1-C4-Alkyirest,

wenn RE' und R7 emne gememnsame zusdizhche Bindung darstellen
und/oder

R16 und R16' jeweils for ein Wasserstoffatom jewanls fur eine Methyigruppe oder
der eine dieser betden Substituenten fur eine C4-C4-Alkyl oder eme Vinyigruppe
und der andere dieser beiden Substituenten fir em Wasserstoffatom stehen,
oder

bede gemeinsam emne C1-C3-Alkenylgruppe bilden
und/oder

R171 und R172 unabhangrg vonemnander for ain Wasserstoffatom oder eine

Methylgruppe
und/oder

R171" und R17Z jeweils fGr ein Wasserstoffatom oder ems gemelnsame Bindung T
und/oder
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R21 for ein Wasserstoffatom oder emen C¢-Cg-Alkyirest sowme R21' far ein

Wasserstoffatom oder eine Hydroxygruppe
stehen
sowie dle anderen Substtuenien alle die in Fomel (1) angegebenen
Bedeutungen haben kdnnen

Mehr bevorzugt sind Kombinationen aus mindestens einem Gestagen und ewnem B —
Cydodextnn oder y - Cyclodexirn oder Denvaten dieser Cyclodextnne die durch
Veretherung oder Veresterung freler alkohohscher Funktionen der Cyclodextnne
erhalten werden,

wobe! das Gestagen zur Gruppe der folgenden Substanzen zahlen

14 17-Ethano-18-norpregna-4 8 den-3 20-dion

14 17-Ethano-19-norpregna-4 6-dien-3,20-dion,

14 17-Ethano-19-norpregna-4,15-dien-3 20-dion

14 17-Ethano-19-norpregna-4 8 15-tnen-3 20-dion

14 17-Ethano-18-norpregna-4 9 15-tnen-3,20-don
21-Methyl-14,17-ethano-18-norpregn-4-en-3 20-dion
21-Methyl-14,17-ethano-18-norpregna-4,9-dien-3 20-dion

21-Methyl-14 17-ethano-18-norpragna-4 6-dien-3,20-dion
21-Methyl-14,17-ethano-18-norpregna-4, 15-dien-3,20-dion
21-Methyl-14,17-athano-18-norpregna-4 9 15-tnen-3 20-don
14,17-Etheno-18-norpregn-4-en-3 20-dion

14 17-Etheno-18-norpregna-4 6-cien-3 20-dion,

14,17-Etheno-18-norpregna-4 8-den-3 20-dion

21-Methyl-14 17-etheno-19-horpregn 4-en-3 20-dion

21-Methyl-14 17-etheno-19-norpregna-4 6-dien-3,20-dion
21-Methyl-14,17-aetheno-18-norpregna-4 8-dien-3 20-dion,
21-Methyl-14,17-etheno-19-norpregna-4 9 11-tnen-3,20-dion

21-Hydroxy-14 17-etheno-19-norpregn-4-en-3 20-dion
21-Hydroxy-14,17-etheno-19-norpregna-4 9-dien-3 20-dion

171-Methyl-14 17-ethenc-19-norpregn-4-en-3,20-dion
171-Methyl-14,17-atheno-19-norpregna-4 6-dien-3 20-dion

172-Methyl-14 17-athenc-19-norpregn-4-en-3,20-dion

17%Methyl-14,17-athenc-19-norpragna-4,9-dien 3 20-dion
1501, 168a-Dimethyi-14 17-etheno-19-nomregn-4-en-3,20-dion s i >
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6
6-Methyi-14,17-ethano-19-norpregna-4 6-dien-3 20-dion
6-Chlor -14,17-ethano-19-norpregna-4 6-dien-3 20-dion,
Ba-Methyl-14 17-ethano-18-norpregn-4-en-3 20 dion
6 21-Dimethyl-14 17-athano-18-norpregna-4 8-dien-3,20-dion
158,16a-Dimethyl-14,17-ethano-19-norpregn 4-en-3 20-dion
6-Chior-21-methyl-14 17-ethano-19-norpregna-4 8-dien 3,20-dion,
160-Methyl-14 17-ethano 19-norpregn-4-en-3 20-dion,
16a-Methyi-14 17-ethano-19-norpregna-4,8-dien-3,20-dion,
16a-Methyi-14 17-sthano-18-norpregna-4,8-dien-3 20-dion
16a,21-Dimethyi-14,17-ethano-19-norpregna-4 9-dien-3 20-dion
21-Hydroxy-18a-methyl-14 17-ethano-18-norpregn-4-en-3 20-dion
16a-Ethyl-14 17-ethano-19-norpregn-4-en-3,20-dion
16a-Ethenyt-14,17-sthano-19-norpregn-4-en 3,20<ion,
16-Methyl-14 17-ethano-19-norpregna~4 15-dien-3,20-dion
(171R)-171-Methyl-14, 17-ethano-19-norpregn-4-en 3,20-dion
(1718)-1 71-Mathyl-1 4,17-sthano-19-norpregn-4-en-3 20-dion
(171R)-171-Methyt-14,17-ethano-19-norpregna-4 S-cien-3 20-dion
(1718)-171-Methyl-14,17-ethano-18-norpregna-4,9-dien-3 20-dion
(172R)-172-Methyt-14, 17-sthano-18-norpregn-4-en-3 20-dion
{172R)-172-Methy}-14 17-ethano-18-norpregna-4 6-dien-3 20~dion
(172R)1 72-Methyl-14,17-ethano-1 9-norpregna-4,9-dien-3,20-dion
(172R)}-172,21-Dimethyl-14 17-ethano-19-norpregna-4,6-dien-3 20-dion
(172R)-172,21-Dimethyt-14,17-ethana-19-norpregna-4,9-dien-3 20-dion
{172R)-172,21-Dimethyl-14 17-ethano-19-norpregna-4 9 11-inen-3,20-dion
168-Methylen-14,17-sthano-19-norpregn-4-en-3 20-dion
16-Methylen-14,17-sthano-19-norpregna-4 6-den-3 20-dion
16-Methylen-14 17-ethano-18-norpregna-4 9-dien-3,20-dion
21-Hydroxy-14 17-ethano-19-norpregn-4-en-3 20-dion
21-Hydroxy-14 17-athano-19-nompregna-4 6-dien-3 20-dion
21-Hydroxy-14,17-sthano-19-nomragna-4 8-dien-3 20-dion,
21-Hydroxy-14,17-sthano-18-norpregna-4 9,15-tnen-3 20-dion
(21R)-21-Hydroxy-21-methyl-14 17-ethano-19-norpregn-4-en 3 20-don
(218)-21-Hydroxy-21-methyl 14 17-ethano-19-norpregn-4-en-3,20-dion,
(21R)-21-Hydroxy-21-methyl-14 17-athano-19-norpregna—4,9-dien-3,20-dion,

2ol



10

15

25

30

WO 0021570 PCT/EP99N07711

7

{21S)-21-Hydroxy-21 methyl-14 17-ethano-19-nofpragna-4 9-dien-3 20-dion
{21R)-21-Hydroxy-21-methyl-14 17-athano-19-norpregna-4,6-dien- 3 20-dion,
(218)-21-Hydroxy-21-methyl-14 17-ethano-19-norpregna-4 8-dien- 3 20-dion,
(21R)-21-Hydroxy-21-methyl-14 17-ethano-19-norpregna-4 9 15-tnen-3 20-dion
(218)-21-Hydroxy-21-methyl-14 17-ethano-18-norpregna-4 9 15-tnen-3 20-dion

14 17-Ethano-18a-homo-19-norpregn-4-en-3 20-dion

14 17-Ethano-18a-homo-18-norpregna-4 6-dien-3 20-dion

14 17-Ethano-18a-homo-19-norpregna-4 9-dien-3 20-dion

14 17-Ethano-18a-homo-18-norpregna—4 15-dien-3,20-dion

21-Methyt-14 17-ethano-18a-homo-19-norpregn-4-en-3 20 dion

21-Methyl-14 17-ethano-18a-homo-19-norpregna-4 6-dien-3 20-dion

21-Methyi-14 17-ethano-18a-homo-19-norpregna-4 9-dien-3,20-dion
(21R)-21-Hydroxy-21-methyl-14 17-ethano-18a-homo-19-norpregn-4-en-3 20-dion
(21S)-21-Hydroxy-21-methyl-14 17-ethano-18a-homo-19-norpregn-4-en-3 20-dion
(21R)-21-Hydroxy-21-methyl-14,17-ethano- 18a-homo-19-norpregna-4,8-en-3 20-dion
(215)-21-Hydroxy-21-methyl-14,17 ethano-18a-homo-19-norpregna-4,9-en-3 20-dion
(21R)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregna-4 6-en-3 20-dion
(218)-21-Hydroxy-21-methyl- 14 17-ethano-18a-homo-18-norpregna-4 6-en-3 20-dion

Wirksamkeit der Kombination

Nach oraler Gabe blldet sich am gastrontestinalen Resorptions - Ot aus dem
Komplex aus Gestagen und Zuckerdenvat ein Gleichgewicht zwischen dem nicht -
dissomerten Komplex und den Emnzelkomponenten Dabel wird durch Verdréngung
des Gestagens aus dem kompiexerenden Zuckerdenvat der fraie Wirkstoff schnell
freigesetzt und gelangt zur Resorption Das Zuckerdenvat hingegen wird mcht
resorbiert und unverandert Gber den Darm ausgeschieden Die pharmakologische
Wirkung des Gestagens Ist In WO096/20209 beschrieben

im Gestagenrezeptor - Bindungstest auf gestagene Wirkung unter Verwendung von

Cytosol aus Kaninchenuterushomogenat und von 3H-Progesteron als Bezugssubstanz
zeigen das Gestagen eine sehr slarke Affinitit zum Gestagenrezepior Im
Schwangerschaftserhaltungstest an der Ratte zeigen die Gestagene der allgememen
Formel (1} eine sehr hohe gestagene Wirksamkert.
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Zusatzich zur sehr hohen gestagene Wirksamkertt im Schwangerschaftserhaltungstest
zeigen die Gestagene der allgememnen Formel { im Gegensatz zur bereits bekannten
Verbindung 14,17-Ethano-18-norpregn+4 en 3,20-dion aber gréBteniells auch nach
oraler Gabe emne gute gestagene Wirkung

Aufgrund ihrer hohen geslagenen Wirksamkeit kdnnen die Geslagene der allgemeinen
Formel (I) beispieiswaise allein oder in Kombination mit Estrogenen in Pritparaten zur
Kontrazeption verwendet werden Aber auch alle anderen heutzutage fur Gestagene
bekannten Verwendungsmdghchkeiten stehen dem neuen Komplex offen

Die Dosierung der erfindungsgeméiien Kamplexen in Kontrazeptonspriparaten soll
vorzugsweise 0,01 bis 2 mg berechnet als freles Gestagen pro Tag betragen
Geeignete Dosierungen kdnnen routinemifig bestmmt werden zum Beispiel durch
Bestimmung der Biolquivalenz gegenilber einem bekannten Gestagen fir eine
bestmmie Verwendung, beispielswelse ene Menge die biodquivalent zu 0,030 bis
0 150 mg Levonorgestrel fur die Kontrazepton ist Diese Eichung git auch fir die
weiteren Angaben der Dosierungen zu den Gestagenen

Die gestagenen und estrogenen  Wwksioffkomponentsn werden In
Kontrazeptionspriparaten vorzugsweise zusammen oral applziert Die tigliche Dosis
wird vorzugsweise emnmally verabfoigt Neben der oralen st zB auch emne
transdermale Verabraichung mbglich

Als Estrogene kommen vorzugsweise synthetische Estrogene wie Ethinylestradiol
14¢,17a-Ethano-1,3 5(10)-estratnen-3 17p-diol (WO 88/01275) oder
140 17a-Ethano-1,3 5(10)-estratrien-3 16a 17p-tnol (WO 91/08218) in Betracht

Das Estrogen wird in emer Menge verabfolgt, die der von 001 bls 005 mg
Ethinylestradiol entspricht

Die neuen Kombinatlon aus mindestens einem Gestagen der Formel | und aus einem 8
—~ Cyclodextnn oder y - Cyclodextrin, oder Denvaten dieser Cyclodextrine kdnnen auch
in Préparaten 2ur Behandlung gyndkologischer Strungen und zur
Substtutionstherapie singesetzt werden Wagen ihres glnstgen Wirkungsprofils sind
die erfindungsgemaBen Kombinahonen besonders gut geeignet zur Behandlung
pramenstrueller Beschwerden wie Kopfschmerzen depressive Verstimmung
Wassermretention und Mastodynie Die Tagesdasis bei der Behandiung pramenstrueller
Beschwerden liegt bei etwa 1 bis 20 mg berechnet als freles Gestagen
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Schilethch kénnen die neuen Kombinatonen auch als gestagene Komponente in den
neuerdings bekannt gewordenen Zusammensetzungen fur die wabliche
Fertlititskontrolle die sich durch die zusitziche Verwendung emnes kompettiven
Progesieronantagonisien auszeichnen zum Einsatz kommen (H B Croxatto und AM
Salvatierra in Female Contraception and Male Fertiity Regulation ed by Runnebaum
Rabe & Kiesel - Vol 2 Advances in Gynecological and Obsteinc Research Senes,
Parthenon Publishing Group - 1891, Seite 245)

Die Dosierung hegt im bereits angegebenen Berelch die Formulierung kann wie bei
konventionellen OC-Priparaten erfolgen Die Applkabon des zusatzichen

kompetitivan Progesteronantagonisten kann dabei auch sequentiell vorgenommen
werden

Die Formmuherung der pharmazeubischen Praparale auf Basis der neuen
Kombinationen erfolgt In an sich bekannter Weise indem man den Wirkstoff,
gegebenenfalls in Kombination mit emem Estrogen mit den in der Galenk
gebrauchlichen Tragersubstanzen VerdGnnungsmitiein gegebenenfalls
Geschmackskorrigentien usw verarbeitet und in die gewilnschte Applikationsform
Oberfthrt

Fur die bevorzugte orale Applkaton kommen insbesondere Tabietten Dragees
Kapseln Pillen Suspensionen qoder Lésungen in Frage

Far die transdermaleApplikation sind Insbasondere Matnx- oder Membranpfiaster
geeignet

Die Kombinationen mi Verbindungen der aligememen Formel (1) kdnnen auch
kontinumerhich durch ein intrautennes Freiselzungssysiem (IUD) applaert werden, die
Freisetzungsrate der akliven Verbindung({en) wird dabel so gewdhit, dal die taghch
freigesetzte Dosis mnerhalb der bereits angegebenan Dosierungsbereiche hiegt

Die Herstellung der Gestagene st in der WO 96/20209 (Publikationsdatum 4 Juh
1996) ausfbhriich beschneben

Bevorzugt 1st eine Kombinaton mit dem Gestagen (21S)-21-Hydroxy-21-methyt
14,17-ethano-19-norpregna-4,9,15-triene-3 20-dion

Cyclodextrine

 — Cyclodextnn y - Cyclodextrin und Defnvate dieser Cyclodexttine die durch
Veretherung oder Veresterung freler alkoholischer Funktionen der Cyclodextinne

339
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erhalten werden sind beschneben in J Pharm Sa 74 (1985) S 987-980 oder Int J
Pharm 28 (1988) S 73-82

Mehr bevarzugt i1st eme Kombination aus emnem Gestagen und einem Cyclodextrin
wobei das Cyclodexinn ein B-Cyclodexinn ist

Am mersten bevorzugt ist die Kombmation aus dem Gestagen (21S)-21-Hydroxy-21
methyl-14,17-ethano-19-norpregna-4 9 15-tnene-3,20-dion und dem B-Cyclodextnn

Vortelle

Werden Gestagene, Insbesondere (21S)-21-Hydroxy-21-methyl-14 17-ethano-19-
norpregna-4,9,15-triene-3,20-dion mit Hilfssloffen wie Lactose Maisstarke Mannitol
mikrokistaline Cellulose Polywidon Hydroxypropylmethylcellulose Dicalcrumphosphat
und Maltodextnn vermengt, so ist ein beschleunigier Abbau festzustellen Hierbei
handelt es sich um emne Acyloinumiagerung Dabel enisteht eine Mischung aus zwer
Paaren von Diastereomeran mit jewells getauschten Positionen der Ketogruppe und
der Hydroxylgruppe am Cx und C; Atom Von den wvier mdghchen Strukturen
entspncht ledighch eine der zuvor genannten Substanz (21S5)-21-Hydroxy-21-methyl-
14,17-ethano-19-norpregna-4 8 15-triene-3,20-dion

So vemingert sich bel einer Lagerung ben 25 °C (60% rel Feuchte) Gber 3 Monate der
Gehalt an nicht komplexiertem (21S)-21-Hydroxy-21-methyl-14 17-ethano-19- .
norpregna-4,9,15-tnene-3 20-dion auf unter 80% des Stariwertes, wenn die Substanz
() entwader mit den Hilfsstoffen Lactose, Malsstirke modifinerte Marsstirke,
Polyvidon 25 000 und Magnesiumslearat (1) oder mit den Hilfsstoffen mit Mannitol,
Hydroxypropyimethyicellulose und Magnesiumstearat tablethert wird Auch die
Formuherungen mit den Hilfsstofien (m) direkitableitierbares Mannitol oder (iv)
mikroknstalline Cellulose und Magnesiumstearat oder (v) Glyceryltnbehenat zeigen
emnen vergleichbaren Abbau der Substanz (21S)-21-Hydroxy-21-methyi-14,17-ethano-
19-norpregna-4 9 15-tnene-3 20-dion

Durch die erfindungsgemafe Kombination (Komplexierung des Gestagens mit §-
Cyclodextnn) lassen sich Tabletten erhalten, die trotz Lagerung bes den kntrschen
Temperaturen elnen Wirkstoffgehalt aufweisen welcher nach 6-monatiger Lagerung
bel 40°C 75% relativer Feuchte im offenen Standglas noch Uber 90% des Stariwertes

bleibt Bq\r
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Weltere Ausfihrungsformen zu Cyclodextrinen
Vorteilhaft 1st eine erfindungsgemafie Kombination bet der das Cyclodextnn und das
Geslagen
beim B - Cyclodextnn in einem Komplex 1 n (Gestagen Cyclodextnn n = 1)
vorilegt bevorzugt ist ein Verhéltnis von 1 2 (Gestagen Cyclodextnn), und
beim ; - Cyclodextrin ebenfalls in einem Komplex 1 n (n > 1) (Gestagen
Cyclodextnn) vorllegt bevorzugt i1sl ein Verhaltnis von 1 2 (Gestagen
Cyclodextrin)
Neben der Stabilitatserhbhung (a1 sich die Stdchiomeine der Komplexblldung
ermittein Dabei i1st offensichiiich, dal} die Komplexbildung bei den Komplexen (218}
21-Hydroxy-21-methyl-14 17-ethano-18-norpregna~4 9 15-tnene-3 20-dion und ~ -
Cyclodextrin im Verhaltnis 1 1 bis 1 2 (Gestagen Cyclodextnin) staitfindet Vorteithafl
ist ein Kompiexaerungsverhaltnis von 1 2 (Gestagen Cyclodextnn)
Ber dem Komplex aus (218)-21-Hydroxy-21-methyl-14 17-ethano-19-norpregna-
4 5,15-tnene-3 20-dion und B — Cyciodextnn llegt en Verhaditnis von 1 2 (Gestagen
Cyclodextnn) vor
Derartige Komplexe weisen eln zum Tell niedrigeres Laslichkeitsprodukt als das Sterold
allen auf Somit kénnen die Komplexe durch eme Féllungsreaktion (zB
Copranpitation) dargestellt werden

Woeltere Ausfilhrungsformen als Arzneimittel

Bevorzugt ist die erfindungsgemae Kombination als Arzneimittel Die Wirkung der
Substanzen Ist 2uvor baschneben (vgi W096/20209)

Mehr bevorzugt 15t ein Arzneimitiel oder ein pharmazeubisches Praparat, enthaltend
einen erfindungsgemale Kombination enschilefiich pharmazeutischer Tragerstoffe
und Hilfsstoffe

Noch mehr bevorzugt i1st en Armeimittel oder pharmazeutisches Préparat enthaltend
eme erfindungsgemile Kombnahon zur peroralen oralen parenteralen
transdermalen pulmonalen nasalen rektalen vaginalen oder ntrauteninen
Anwendung



10

15

20

5

30

35

WO 00721570 PCT/EPIINTTLI

[2

Dwe Erfindung betnf? weiterhin die Verwendung von erfindungsgemalien
Kombinationen zusammen mit pharmakologischen Hilfs- und Trégerstoffen die
physiologisch vertraghch sind zur Herstellung eines Medikaments zur Behandlung von
kkmaktenschen Beschwerden Soiche Hilfs- und Trégerstoffe sind in Remington's

Phamaceutical Science 150 ed Mack Publishing Company Easton Pennsyvanid
(1980) beschneben

Die erfindungsgemaien Kombinationen zeigen die Wikung 1n den zuvor genannten
Test bet Konzentrationen von 0 1 bis 1000 ng/mi des Gestagens

Fur die therapeutische Wirkung st die geeignele Dosis unterschledich und hangt
beispiaiswetse von der verwendeten Kombinationen mit Gestagenen der aligememnen
Formel | dem Wirt, der Art der Verabreichung und der Art und der Schwere der zu
behandeinden Zustiande ab im aligemenen sind jedoch ber Tieren zufriedenstellende
Resultate zu erwarten ber tdghchen Dosen an Gestagen von 1 bis 3000 pg/kg
Tierkbrpergewacht Bal grdBeren Saugetieren, beispieisweise Menschen, betragt ene
empfohlene iaghche Dosis an Gestagen 0 1 bis 200 mg Bevorzugt sind Werte von 03
bis 60mg pro Tag mehr bevorzugt 1 bis 20 mg pro Tag und am meisten bevorzugt 2
bis 10 mg pro Tag

Die Erfindung liefert weiterhin

(i) de Verwendung eines der erfindungsgemaken Kombmation zur Herstellung eines
Medikaments zur Behandiung von kiimakiensche Beschwerden,

(i) en Verfahren zur Behandiung von kiimaktensche Beschwerden welches Verfahren
eine Verabreichung emer Kombinationsmenge gemaR der Erfindung umfafit,
wobei die Menge die Krankheit unterdriickl und wobet die Kombinatonsmenge
einem Patienten gegeben wird, der ein solches Medikameni bendtigt

{m) elne pharmazsutische Zusammensetzung zur Behandiung von klimaktensche
Beschwerden, welche Behandiung emne der erfindungsgeméien Kombinationen
und wenigstens einen pharmazeutischen Hilfs- und/oder Tragerstofl umfafit

Die Erfindung llefert weiterhin

{1) die Verwendung emes der erfindungsgeméfien Kombmation zur Herstellung eines
Medkaments zur Behandlung pramenstrueller Beschwerden wie
Kopfschmerzen depressive Vershmmung Wassemelention und Mastodynie

357
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() exn Verfahren zur Behandiung pramenstrueller Beschwerden wie Kopfschmerzen
depressive Verstmmung Wasserratention und Mastodynie welches Verfahren
eine Verabrewchung einer Kombinationsmenge gemdl der Erfindung umfafit
wobei die Menge die Krankheit unterdriickt und wober die Kombinationsmenge
emnem Patienten gegeben wird der ein soiches Medikament bendligt,

(n) ene pharmazeutsche Zusammensetzung zur Behandlung pramenstrueller
Beschwerden wie Kopfschmerzen depressive Verstmmung, Wassermetention
und Mastodynie, welche Behandlung eine der erfindungsgemafien
Kombinationen und wenigstens emnen pharmazeulischen Hilfs- und/oder
Tragerstoff umfalit

Die Tagesdosis bey der Behandlung pramenstrueller Beschwerden liegt ber stwa 1 bis

20 mg, berechnet als freies Gestagen

Weltere Ausfihrungsformen als orales Xontrazeptivum

Die Erfindung umfalt eine erfindungsgemafte Kombination fir die
Fertilitatskontrolle

Aufgrund ihrer hohen gestagenen Wirksamkeit kdnnen die neuen Komblinationen mit
Gestagenen der aligemsinen Formel (1) beispielsweise allein oder in Kombination mut
Estrogenen in Pri3paraten zur Kontrazeplion verwendet werden Aber auch alle
anderen heutzutage fur Gestagene bekannten Verwendungsmdglichkeiten stehen den
neusan Verbindungen offen

Die Dosierung der erfindungsgemafen Kombination in Kontrazeptonspraparaten soll
vorzugsweise 0,01 bis 2 mg pro Tag berechnet als freies Gestagen betragen

Die gesiagenen und estrogenen  Wirkstoffkomponenten werden In
Kontrazeptionsprééparaten vorzugsweise zusammen oral appliziert Die tagliche Dosis
wird vorzugsweise einmalig verabfoigt

Als Esirogens kommen vorzugsweise synthellsche Estrogene wie Ethinylestradiol
14c,17a-Ethano-1 3 5(10)-estratnen-3 17p-diol (WO 8B/01275) oder 14a,17a-Ethano-
1 3 5(10)-estratrien-3 16a 17-trlot (WO 91/08219) in Betracht
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Das Estrogen wird in einer Menge verabfoigt, die der von 001 bis 005 mg
Ethinylestradiol entspncht

SchiieBhch kbnnen die neuen Kombmnationen auch als gestagene Komponante n den
neusrdings bekannt gewordenen Zusammensetzungen fur die webliche
Fertiitatskantrolle die sich durch die zusitziche Verwendung emes kompefriven
Progesteronantagonisien auszeichnen, zum Einsatz kommen (H B Croxatio und AM
Salvatierra n Female Contraception and Male Fertility Regulation ed by Runnebaum
Rabe & Kiesel - Vol 2 Advances in Gynecological and Obstetric Research Senes
Parthenon Publishing Group - 1991 Seile 245)

Die Doserung lhegt im bereits angegebenen Bereich, die Formulierung kann wie bet
konventonellen OC-Praparaten erfolgen Die Applkaton des zusatzichen

kompetitiven Progesieronantagonisten kann daber auch sequentsll vorgenommen
werden

Weltere Ausfiihrungsformen als Stabllisierungsverfahren

Vorteihaft ist ein Verfahren zur Stabilisierung enes Gestagens nach der Formel | unter
Verwendung von einem B — Cyclodextnn oder y - Cyclodextnn oder Dernivaten dieser
Cyclodextnne die durch Veretherung oder Veresterung freier alkoholischer Funktionen
der Cyclodextrme erhaiten werden Der bevorzugte Komplex aus Gestagen und
Cyclodextnn ist der Komplex aus (21S)-21-Hydroxy-21-methyl-14 17-ethanc-19-
norpregna-4,8, 15-tnene-3 20-dion und R - Cyclodexinn

Bevorzugt ist ein Verfahren zum Komplexieren von einem Gestagen und von emnem 3 —
Cyclodextnn oder y - Cyclodextnn unter Vemeben als Trockenmischung

Rantgenspektren des Pulvers welches als Trockenmischung hergestelit wurde zeigen

daB die Komplexerung partelt bereits vorliegt jedoch noch nicht volistandig volizogen
worden ist. Diese Komplexierung bereiis als Trockenmischung ist Oberraschend

Mehr bevorzugt 1st die Darstellung der Komplexe durch Fallungsreaktion, zB
Coprazipitation, mdem zu einer wissngen Cyclodextnnibsung eme ethanolische
Ldsung des Gestagens zugetropft wird Die durch Fallung hergesieiiten Komplexe aus
Gestagenen und Cyclodextnn kbnnen vor der Formulierung zum Arznemmittel durch
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geegnete Vermahlungstechniken 2B die der Luftstrahivermahlung auf de
gewlinschte ParitkeigrbRenverieiiung gebrachl werden

Bevorzugt zur Herstellung der Formullerung Ist eine Verkapselung oder Granulierung
und anschiiefende Tabletherung

Mehr bevorzugt tst en Verfahren der Direkitabletberung des Koimplexes aus einem
Gestagen mit B — Cyclodextnn oder y - Cyclodextnin unter Zugabe von pharmazeutisch
vertraghchen Hilfsstoffen Daber wird auf Granulierungsschnite verachtet Ein
Granuherungsschntt beinhaltet die Gefahr dall der Cyclodextnn - Komplex zerstdrt
wurde, indem das Steroid aus dem Cyclodextnn - Wirt durch Hilfsstoffmolekuile als
Gast verdréingt wiirde

Es wurde daher emne Direkttablethierung unter Zugabe der Hiifsstoffe mikroknstalline
Cellulose Lactose Croscarmellose-Na  hochdisperses  Slhcumdioxd  und
Magnesiumstearat durchgefthrt
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De Komplexe aus (21S)21 Hydroxy-21-methyl 14 17 ethano-19-norpregna-4,9,15-
triene-3 20-dion und aus B - und y - Cyclodextnn wurden in folgender Weise hergestellt

19 mmol des Cyclodexinns wurden n 610 ml 45°C wammem Wasser geldst und
innarhalb von 30 min 7.6 mmol ZK 187226 geldst in 10 ml Ethanol zugetropft Mt
weiteren 5 ml Ethanol wurde nachgespilt auf Raumiemperatur abkihlen lassen 24h
bei RT gerlhrt 2h im Eisbad (2 °C) gerOhrt und der Niederschiag uber aine G2-Fritte
abgesaugt Der erhaltene Komplex wurde anschliefend noch 2 mal mit je 50 mi
Eiswasser und einmal mit eiskaltem Aceton gewaschen Nach Trocknung im Exsikator
Uber Phosphorpentoxid wurde der Komplex durch Karl-Fischer-Wasserbestimmung
HPLC DSC und Réntgenpulverdiffraktometne charaktensierl

Dwe Tatsache dalR selbst nach der vergleichend durchgeflhrten bloRen Verreibung
eine deuthche VerBnderung sowohl im Ritgenpuiverspekirum als auch in der DSC
beobachtet wird, deutet darauf hin daR eme parbelle aber nicht volistandige
Komplexierung bereits ber der Verreibung von (21S)-21-Hydroxy-21-methyl-14,17
ethano-19-norpregna-4 9 15-tnene-3 20-dion mit [} - oder y - Cyciodexinn stattfindst

Aus den hergestellten Cyclodextrinkomplexer: von (21S)-21-Hydroxy-21-methyl 14 17-
ethano-19-norpragna-4 9 15-tnene-3 20-don wurden nun nach Vermahlung der
Komplexe Tabletten hergestellt Fir die Tabletterung sl von Bedautung, dal sie als
Direkitablettierung durchgefthrt wird ohne emen Granulierschntt Ewn  solcher
Granulierprozess wirde namlich die Gefahr bainhalten, da@ die Cyclodextnnkomplexe
zerstdrt werden, indem (21S)-21-Hydroxy-21-methyl-14 17-ethano-19-norpregna-
4 9 15-tnene-3,20-don aus dem Cyclodextnn Wirt durch Hilfsstoffmoleklle als Gast
verdrangt wurde

Es wurde daher emne Direkitabletierung unler Zugabe der Hilfsstoffe mikroknstalline

Cellulose, Lactose Croscammellose-Na  hochdisperses Sdioumdioxld  und
Magnesiumstaarat durchgefuhrt

Dre hergestsliten Tabletien sowie ene aus nicht komplexertem Wirkstoff hergestelite
Formulierung und die Komplexe aus (215)-21-Hydroxy-21-methyl-14,17-ethano-19-
norpregna-4 9 15-triene-320-dion und p- und y-Cydodextnn wurden aur
Stabilitdtsprifung eingelagert und der Gehalt an (21S)-21-Hydroxy-21-methyl-14 17-
ethano-19-norpregna-4,9,15-tnene 3 20-dion (bet den Tabletten bezogen auf den
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Soligehalt von 0,1mg Wirkstoli pro Tablette ber den Komplexen als Massenprozent)
nach 1,5 und 3-monatiger Lagerung bestimmt Die Ergebnisse sind in den Tabellen 1

bis 5 dargestelit

Die aus den P - Cyclodextnn- und y - Cyclodextnn - Clathraten zeigen im Vergleich zu
den mit unkomplexiertem Wirksloff hengestalitean Tabletten eine deutich verbessarte
Stabilitat Das p- Cyclodextnn - Clathrat zeigt die beste Stabihisierung st in guter
Quahtat herstellbar und auch dkonomisch gegeniber y - Cyclodextnn zu bevorzugen
Aufgrund der Ergebnisse der 3 Monats-Ausiagerung ergibt sich fGr die mit dem
Komplex aus (218)-21-Hydroxy-21-methyi-14,17-ethano-19-norpregna-4 9 15-tnene-
3 20-cdion und B-Cyclodextrin hergesteliten Tabletien emne flr eine Markiformulierung

ausreichende Stabilitat

PCT/EP9INTII

Tabelle 1 B - Cyclodextrin - Clathrat Tabletten

Monate | -18°C +25°C +25°C +40°C | +a0°C +80°C | +680°C
80% r F 75% r F 75% r F
0 97 0% - -
(1 0%)
15 | 974% 97 0% 9%67% | 955% | 035% | 929% | B97%
{0 8%) (0 8%) ©07%) | (18%) | (09%) | (07%) | (08%)
3 97 0% 87 1% 986% | O52% | 918% | 926% | 890%
(0 8%) (1 0%) (07%) | (05%) | (10%) | (12%) | (17%)

2z
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Tabelle 2 y-CD-Clathrat Tabletien

Monatae -18°C +25°C +25°C +40°C +40°C +60°C +80°C
60% r F 75%TrF 75%rF

0 93 0% - - -
(8 3%)

15 97 8% 99 4% 98 8% 88 &'% 85 1% 890 0% 85 1%
(2 6%) (2 5%) (2 7%) (3 6%) (T 3%) (4 7%) (5 1%)

3 99 8% 9B 5% 99 b% 8/ 9% 88 7% 77 1% 791%
(4 2%) (3 9%} (57%) (3 4%) (3 0%) (4 T%) (1 6%)

Tabelle 3 (21S)-21-Hydroxy-21-methyl-14 17-ethano-19-nompregna-4,9,15-tnene-
3,20-dion Tabletten

Monate | -18°C +25°C +25°C +40°C +40°C +80°C +60*C

0% rF 75%rF 75% ¢ F
0 100 1% - - - -
{0 8%)
15 nicht 80 6% 80 3% 20 8% 27 9% 0 3% 01%

untersucht | (05%) | (03%) | 8% | (11%) | (17%) | (143%)

3 101 2% 80 1% 83 9% 8 5% 14 1% 03% 01%
(0 5%) {0 8%) {10%) (52%) (4 1%) (880%) | (656%)

1t
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Tabelle 4  (21S)-21-Hydroxy-21-methyl-14 17-ethano-19-norpregna-4 9 15-triene-
3 20-dion - f-Cyclodextnn-Komplex Gehalt in %

Monate | -18°C +25°C +25°C +40°C +40°C +50°C +60°C

B80%rF 75%rF 75% rF
0 12 5% - - -
(0 3%)
15 125% nicht 12 5% nicht 12 4% nicht 12 3%

(07%) |untersucht| (04%) |untersucht| (09%) |untersucht| (08%)

3 12 5% nicht 12 5% nicht 12 6% nicht 129%
(05%) [untersucht| (03%) {untersucht| (03%) juntorsucht| (05%)

Tabelle5 (21S)-21-Hydroxy-21-methyl-14 17-ethano-18-norpregna-<4 9 15-tnene-
3,20-dion - y-Cyclodextnn-Komplex Gehailt In %

Monate | -18°C +25"C +25°C +40°C +0°C +60°C +50°C

60%rF 75%TrF 75%rF
0 136% - - - -
(28%)
15 13 8% nicht 13 7% mchi 13 3% micht 120%

(12%} Juntersucht| (08%) |uniersucht| (05%) |untersucht] (13%)

3 138% nicht 135% nicht 13 0% nicht 100%
(25%) Juntersucht| (13%) |untersucht| (05%) |untersucht| {1 1%)

rF = relative Luitfeuchte eingestellt in der Kimakammer
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Patentanspriche
1 Kombination aus mindestens einem Gestagen und einem [ ~ Cyclodextnn oder

v - Cyclodextnn oder Denvaten dieser Cyclodextrine, de durch Veretherung oder
Verestarung freier alkoholscher Funktionen der Cyclodextnne erhalten werden
wober das Gestagen ein 14 17-C2 - Gberbrcktes Sterowd st

2 Kombination nach Anspruch 1 wobei die Gestagene zur Gruppe der Formel |
z&hlen

L)

R3 fur ein Sauerstoflfatom de Hydroxyiminogruppe oder zwe) Wasserstoffatome

R  for ein Wasserstofi- Fluor- Chlor- oder Bromatom oder fur enen «- oder B
slandigen Cq-Ca-Alkylrest, wober dann RE' und R7 Wasserstoffatome
darstellen, oder aber

rA Vg

-
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RE' fr en Wasserstoff- Fluor- Chior oder Bromatom oder fur einen Cq-Cg-

Alkyirest wober dann R und R7 ene gemensame zusitziche Bindung
darstellen

R’  for enen o- oder p-stindigen C4-Cg4-Alkylrest wober dann R6 und RO
Wasserstoffatome darstellen oder aber

R6 und R7 gemeinsam fir eme a- oder B standige Methylengruppe und RB for en
Wasserstoffatom oder

R6 und RE' gememnsam fur eme Ethylen- oder Methylengruppe und R7 fur en
Wasserstoffatom

R9 und R10 jeweils fur ein Wasserstoffatom oder eine gememnsame Bidung

R11 und R12 jewelis (Or ein Wasserstoffatom oder eine gemeinsame Bindung

R13  fur eine Methyi- oder Ethyigruppe

R15  for en Wasserstoffatom oder einen C4-C3-Alkylrest

R'6 und R'6' unabhangig vonemnander fir en Wasserstoffalom emen C4-Ca-

Alkylrest
oder einen C2-C4-Alkenylrest oder gemeinsam fiir aine C4-C3-Alkyhdangruppe

R15 und R16 fiir eine gememnsame Bindung sowie R18 fior ein Wasserstoffatom oder
einen C4-Ca-Alkylrest oder

R15 und R16 gemeinsam fir enen Ring der Teliformel

_—(CHyn
Cig \x

wormn n = 1 und 2 und X emne Methylengruppe ader ein Sauerstoffatom bedeuten sowe
R16 for ein Wasserstoffatom,

R171 for en Wasserstoffatom oder einen C4-Ca-Alkylrest
R172gr ein Wasserstoffatom einen C1-Ca-Alkyirest oder einen Cp-C4-Alkenylrest

R17V ynd R172 Jeweils fir ein Wasserstoffalom oder fur eine gemeinsame Bindung
R21 f(r ein Wasserstoffatom oder einen C4-Cg-Alkylrest,
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R21" fir e Wasserstoffatom emen Cq-Cy-Alkylrest oder eine Hydroxygruppe
siehen

3 Kombination nach Anspruch 2 wobei das Gestagen ein (21S)-21-Hydroxy-21-
methyl-14 17-ethano-19-norpregna-4 8 15-tnene-3 20-dion st

4 Kombination nach eixnem der vorhengen Anspriche, wobei das Cyclodextnn en
B-Cyclodextnn ist

5 Kombination nach emem der vorherigen Anspriiche wobei das Cyclodextnin und
das Gestagen

beim B - Cyclodextnn in emem Komplex 1 n (Gestagen Cyclodextrin n > 1)
vorilegt und

baim y - Cyclodextnin in enem Komplex 1 n (n 2 1) {Gestagen Cyclodexinn)
vorliegt

6 Kombination nach einem der vorhengen Anspriiche als Arznenmttel
7 Kombmnation nach Anspruch 6 als stabile orale Formulierung

8 Kombination nach Anspruch 6 oder 7 zur Herstellung eines Arzneimittels zur
Behandiung von kimakternischen Beschwerden

9 Komblnaton nach einem der vorherigen Anspriche 1 tis S fur die
Fertiitatskontrolle

10 Arznewmnittel oder pharmazeuhsches Praparat enthaltend ene Kombmation nach
einem der vorhengen Anspriche mit pharmazeutisch vertriigichen Hillsstoffen und
Tragerstoffen

11 Aronesmittel oder phamnazeuhsches Praparat enthaltend ene Kombmation nach
elnem der vorherigen Anspriche zur peroralen oralen parenteralen transdermalen
puimonalen nasalen, rekialen vaginalen oder mtrauterinen Anwendung

3¢
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12 Verwendung einer Kombination nach emem der vorherigen Anspruche 1 bis 9

zur Herstellung eines Medikaments zur Behandiung pramenstrueller Beschwerden wie
Kopfschmerzen depressive Versimmung Wasserretention und Mastodyrie

13 Verfahren zur Fertihitidtskontrolle unter Verabreichung einer Kombination nach
einem der Anspriche 1 bis 9

14 Varfahren zur Stabiisierung enes Gestagens nach der Formel | gemaR
Anspruch 2 unter Verwendung von emem [ — Cyclodexinn eder y - Cyclodexinn oder
Derivaten dieser Cyciodexinne die durch Veretherung oder Veresterung freser
alkoholischer Funkhionen der Cyclodextnne erhalten werden

1% Verfahren zum Komplexieren von einem Gestagen nach emem der Anspriche 1
und 2 und von enem B - Cyclodextnn oder y - Cyclodextnn unter Verratben als
Trockenmischung oder durch Fallungsreaktion vorzugsweise Coprézipitation

16 Verfahren der Direkitabletbierung von emem Gestagenkomplex nach emem der

Anspriiche 1 und 2 mit einem & — Cyclodexinin oder 1 - Cyclodextin unter Zugabe von
pharmazeutisch veririiglichen Hilfsstoffen

=14
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1
SOLUID DOSAGE FORMS THAT CONTAIN
CLATHRATES OF 17a-ETHINY]
ESTRADIOL

The 1zvention relates to solid dosage forms that contain
steroudal sex hormones

As 15 geoerally kwown natural amd especially synthets
cally derived sex hormmoones are gencrally highly effccdve
active ngredicnts of pharmaceutical agents (opsequently
In most cases solid dosage forms contmn these active
ingredients at very low dosages these are usually 0.01 pg ta
500 pg and especially 0.1 pg to 200 pg per sngle-dosed
dosage form. Thus means that both the preparation and the
starage and use of these dosage forms are oftea problers-
atical i pature.

In the preparation of such low-dosed dossge forms.
strong fluctuations of the actve Ingrediest conceatrations 1o
the dosage units occur almost upavoudsbly (inadequare
contemt umformity). which manifest themselves moare
strongly the smaller the amount of the active ngredieat,

In the storage of such low-dosed preparations. moreover
a roduction a the active Ingredient conceatrauon w ofien
additonally cbeerved as a result of 1n most cases. oxudative
degradanion reactions of the acuve mgredient

In addition, at such low dosage the tucavailabllity of the
active Ingredient is subject to a pronounced first-pess effect
and exhibats great wnter and intra-individual fluctustions.

B has now bocn found that the drawbacks that are
obecrved especiaily In the preparation apd storage of dosage
foons which contain Jow-dosed sterosdal sex hormones can
be avoided, at least to a large extent, if dosage forms are
prepared that contaln powdery cyclodextrin clathrates of
these active ingreduests

Steraldal sex hormones that are suilable for the produc-
ton of dosage forms accorduing to the invesion are
estrogenically gestagenically androgen anabollcally
antiestrogemcally antigestagenically snd antiamirogenl-
cally active compounds as well as mixiures of these sub-
StERCES.

For ciample estrone estradiol estnol 17a-
cthinylestradiol. mestranol. 1401.170-cthanoestra-1.3,5(10)-
mene-3 17, (WO088/01275). ida.17a cthanoestra-13
3(10)-treene-3 16c.17P-triol (WO and thelr esters such as
estradsol-dproplonate, estradiol-dihexanoate and estradiol-
dudecancate (EP-A 163 596) can be mentioned as examples
of suitahle estrogens.

Swutshle gestagens are for example
levonorgestrel
3}

Suitable androgen-ansholically acuve corapounds are.
LA iestosteroac. mesterolone methepolone. and esters of
these substances such as testosterone propeonat: testosier-
onc snunthate, testosterone nicotinate, and testosicrone phe-
oylacetate,

Suitshie anhestrogens age, La  1-methyl-androsts-1 4-
dicne-3 17-diont (stamestanc) and 7a [9-1(4.4.5 5.5
pentafiuoropeatyl)-sulfinyl |-nonyl|estre-13.5 10)-triene 3
17p-aol (ICT 132780).

As suitable antigestagens 115-[4 (dimethylamino)
pheayl)-178-hydroxy-17a-( 1)-1%a-estra-4.
O-dien-1-one (onmpristonc) aad 11P-|4-dimethylamede-
pbenyl}-17p-hydroxy- I'Ia.-( 1-propynyl)cstm-4.9-dien 3
ons (mifepristone) can be

Antiandrogenucally active compounds that are suitahle
for the production of dosage forms acconding Io the inven-
tion are for example 17a-acetoxy G-chloro-pregna-4.65-
diene-3.20-dlone (chloromadinone aceiste) 17-acetoxy-6-

norethisterone.
gestodene desorgesirel and

43
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chloro-1P 2 -dlhydro IH-vycloprops|1.2) pregoa 1.4 6-
nene-} ne { ¢ acclaie) (lopterone) and 170~
hydroxy la methyl 17a propyl androstan 3 oae
(propylmesterolonc)

I was aready mentioned that the dosage forms accond
Ing to the mvention coatatn powdery cyclodextnn clathrates
of these active ingredients

Cyclodextrins that are suitahie for the productsan of thexe
clathrales are for example those of general fommla

LH-OR, CHOR,
[4] 0
OH OH
[} [¢]
OR; ROy
0
In which

R, means a hydrogeo atom a methyl growp =&
2-hydroxyethy! group. or a 2-hiydroxypropyl group
R; means a hydrogen stom or if R, repxesents a methyl
group, also a methyl group and

o means 2 sumber from 4 1o 7

Such cyclodexirins are preferably o cyclodexiria
y-cyclodextris dumethyl-f-cyclodextria 2-lydroxyethyl B-
cyelodulnn 2-hydroxypropyl-f-cyclodextnin and

cally f-cyclodextrin (Drug Dev and Ind. Pharm. 17 1991

1503—1549 J Incl Phenom. 1 1983 135-150 and WO
93/13138). For the producton of clathrates the stroud
hormones can be very [ntimately muxed with the
cycodeatna. vphooally with the addulon of other pharma
ceyhcal adyuvants (for example by string. kneading) or the
solvent can be remwved from s solution of the compopents
mn waler and/or 2 surtable solveat (such at fwmmple.n
C1-C4 alcobol such as methanol, ethanol o
ac,-c,kebuudiumcnnﬁylelhylume)hy
for example. vacuum distitlation. freent-drying or spxay
drying. By conirast it s also posuible bowever to feed the
stezoid hormone that 13 dissolved in & sistable solvent (such
as for example, onc of the above-meniioned akobols ar
ketone) (nto an aqueous cyclodextna sohrtion, and to fAlter
off and dry the precipriated clatheaie

Just like the active ingredicpts themselves, the clathrates
cnn then also optionally be processed into the deswed dosege
forma such as tablets powder granulstes eic after the
addition of the commonly used additives such as for
cxample lactiose, starch. polyvinylpymolidone magnesium
stearate and preservatives

1t 13 chvious to one skilled w the art thal several common
prelimipary teats are vequired 10 deterrmne what cyclodex-
tnn 15 optumally smted for inclusion of the desured stexoudal
steroid hormone. In the case of very small steraid molecules
the use of a-cyclodexinn rmay he whule 1n the case.
of welunon of quie barge steroid molecules, it may be
Becoisary to Use y- or evan 5-cyclodextmo as a host mwl
ecule Narmally the ratlo of cyclodextrin to steroud hormone
15 sclected such that 1 1 mol'mol complexes are fexmned
which does ot rule out the possibility however that o
mdividual cases it may be more advaniageous to select the
molar ratdo such that for example. 2.1 71 12 or 12
complexes are farmed

The embodiments below arc used for & more detasled
explanation of the invention

ENAMPLE 1

20.96 g of 17a-cthunylestadiol is dissolved 1a 20 mi of
cthsned 2838 g of fcyclodextrin (relatve 10 aphydrous

235/
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B-cycindexina) is dissolved m 900 ml of water while being
surcd &t 45° C The cthanohic cthinylestradiol solution 15
added 10 drops (0 aquecus cyclodeximn solution within 40
nanutes while being stirred 5o that & sbghtly cloudy solution
develops. Within 2 howrs the solulion 15 cooled 10 25° C It
15 stored for apother 20 hours o 25° ¢ The preciprated
solld 1s suctioned off and washed twice with 50 mf of water
cach. The crystallizale is suspeaded twice with 40 ml of
acetone each and suctioned off Then 1t ax rewashed with 50
ml of water The wet crystallizate 15 dned 1p a vacuum with
phosphcrous pentaxide

The conteat of 17a-cthinylestradsol in the inclusion bond
15 deteymined by means of high pressure hiquid chromatog-
raphy and ks 10 2%

EXAMPLF 2

237gd 15 dissolved 1o 200 ml of water
113.6 mg of 17a-ethunylestradhol 13 welghed mnto the aque-
ous cyclodextrin solution The suspenmon 15 stured for 48
bours The solid is socthoned off and washed twnce with 25
mi of water each The crystallizate 15 suspended twice with
20 ml of aceione each and sictioned off Then it is rewasbed
with 20 ml of water The wet crystalizate 15 dried In »
vacuum with phospherous pentoxide

The comtent of ctinnylestradiol in the snclusion bond 15
deterpaned by means of high-pressure hquad chromatogra-
phy and ks 10.4%.

EXAMPLE 3

inclusion complex (prnduced according
hm 1) is ground and triturated w portions with
Iactose. Comn starch and modified starch are mmed w The
powder is processed Into a gramulate m a fudized-bed
ganulator with an aqueous polyvinylpymolidone 25000
solution After magnesium stearate 15 mixed in the press
dust that 15 obtained {5 pressed into tablets with a weight of

55 mg and s diameter of $ mm.

CQomposition of a Thblet:

Biinysiradiolp-cyciode rin 0009 g

melweon comrgrowsd & 10 3g of 17a-chinyl-

amyealiod

lncrone MWDl wmg

ousn resh 9900 mg

modiled siarch 6800 mg

polyremyipyrsohdons 25000 1750 mg

ARl Scokhls 0330 mp
TI400 mg

EXAMPLE 4
A pcyclodextrin Inclusion complex sccording

to Example 2) 15 ground 9615 g of the complex
(comresponding to 1 g of ethunylestradiol) 18 homogencousty
added t;n & powder mixture thel consists of 2360.388 g of
Iactose 1300 g of microarystalline cellvlose. and 310 mg of
corn starch  After 20 g of magpesium stearate 13 wdded. the

13

4

powder press dust that »s abtaiacd 15 pressed wath a tablet
press indo lablels with a 6 mm dumeter and a tablel waght
of 80 mg They come with an active ingredicat content of 20
pg of clhunylcstradiol per tablet

We lum

| A pharmaceutical composition comprising an cffective
amount of 17ci-ethinylesiradiol and an amount of a
P-eyclodeatnin which is elfective in reducing the oxdatve
degradation of the 17a-ethunylestradiol, wheresn the com
positioa 1% & clathrage

2 A composiion of claam 1 whercin the composition
compnses about 10% wiw of 17c-ethunylestradiol to
Bcydodexmn

3 A compouibon of clum )] wherem the amouat of
17g-cthmylestradiol {3 0.01 pug-200 pg.

4 A composinoa of claim 1| whereln the amoumt of
1 7o-cthinylestradiol s 0.1 pg-200 ug

S A of clum 1 wherein the smount of
| Ta-ethinylestradiol 15 10 pg-20 pg-

& A compontion of claim 1 whereln the L7a
ctunylestradicl 15 an wclumon m the fcyciodextnn

T A method of reducing oxdative degradation of 17
-ctinnylestradiol comprising combining an snount of 17
a-cthunylestradiol and an amount of B-cyclodextran which s
effecuve in reducing the oxsdative degmdation of sad
estradsol.

8 The method of claim 7 wherein the 17
a-cibinylestradinl and the f-cyclodextrin are in a 11
mole mole mtio.

$ The method of clavn 7 wherein the amount of 17
a-cthanylestradiol Is 0.01 pg-200 pg
19. The method of claim 7 whercin the amount of 17

15 0.1 pg-200 pg.
11 A method of makng a pharmaceutical composihion
campnsing an effectrve amount of 170-cthimylestradiol and
an amount of a Pp-cyclodextrin whach 15 effectuve tn reducing
the axsdative degradation of the 17a-ethinylestrudiol
wheren the compositon 1 in a solid dosage form

comprising combining an amount of 1/

a-cthunylestradiol and an amount of P-cyclodestnin
which 12 efficcicve in reducing the cxudative degradation
of savd estradiol.

12 The method of clalm 11 fwther comprising dlssolviop
the 17 a-ethinylestradiol 1n & suntable solvers dissalving the
pcydodextrin m an aguenus solution comtuning smd solu-
tions of 17 ctlumylestradiol and J-cyclodextrin and 180~
inting the resultsng d clathrate

1 The method of claim 11 further comprising dussolving
the R-cyclodextnn 10 an aqueous solution adding solid 17
a-cthinylestradiol to smd sgueous solutson. and isolating the
rcsulting clathrate.

14 A method of achieving an estrogenic eficct
comquising., admimustering a pharmaceutical L]
compyising an effective amount of | 7a-cthinylesradiol and
an amount of P-cyclodextnn which 15 effective m reducing
the oxidative degradation of the 17g-ethunylestradiot
wherein the composition Is in a snlkd dossge form.

i}

a8L



383
Industria y Comercio

SUPERINTENDENCIA

2020
Bogota, DC,
Doctor Oficio N° 19168
Gustavo Hollmann Restrepo d00 U
Apoderado
ASUNTO Radicaadén PCTN°  03-59764

Tramite 011

Evento 379

Actuacion 440

Folos 009

Con fundamento en lo previsto por el articulo 43 de la Decision 486 de la Comision de la
Comunidad Andina, se le comunica que la oposiaidn presentada por el doctor Luis
Femando Rincén Cuellar, en su calidad de apoderado de Gynopharm SA |, reune los
requisitos formales exigidos por la ley al momento de su presentacién

En cumplimiento de lo dispuesto en la citada norma, se le concede el término de sesenta
(60) dias habiles siguientes a la fecha de notificacién del presente oficio, para que haga
valer sus argumentaciones y presente pruebas

Notifiquese el presente cficio conforme a lo dispuesto en el numeral 5 2, literal e), del
capitulo quinto del titulo pnmero de la Circular Unica N° 10 de 2001

ALIX CARMENZA CESPEDES DE VERGEL
Jefe dela D saér; de Nuevas Creaciones

18 FEB 2005

El anteror requenmiento fue notificado por fijacion en lista de fecha,

Sede Centro Carrera 13 No. 27-00 Plsos 2 5§ 7y 10
Sede CAN Tr 40A No 38-50 Conmutador 3820840
Fax 382 28 85. Linea 8800-910 185




)
M\ﬁ 1&5

penne catA> “AABATO

Jones Wb Leamt

/—




