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Senora Jete,
DIVISION DE NUEVAS CREACIONES

Superintendencia de Industeia v Comercia

E. 8, D,
.

Referencia : Expediente N° 06.053.41( /

Asunto : Oposician 2 o soliesad de patente de Tnvencién  titulada
“FORMAS DE TDIOSIFICACION MULTIPARTICULADAS
DE  AZITROMICINA  MEJORADAS  OBTENIDAS
MEDIANTE PROCEDIMIENTOS DE COAGULACKIN EN
ESTADQ FUNDIDO

Solicitante : PFIZER PRODUCTS, INC.

Opositera :PROCAPS 8.A.

Pukblicada en la Gaceta de la Propiedad Industrial ’
N 582 del 30 de noviembre de 2007 /
Yo, ELIANA [SAURA MORENCQ BOHORQUFEZ, shogada en gjercicio, identificads
conttr aparcce al pic de su firma, con mgera profesional No.o 83823 del Consejo
Superior de b Judicarura, en mi condicion de apoderada de It sociedad PROCAFPS
S.A, conformada bajo Tas leves de la Republics de Colombia ¢ domicibiada eo la ciodad
de Barranguilla, Colorobna, atentanmente manifiesto que estando dentea del término de
ley v por orden expresa de mi representada, presento oposicidn a la concesion del
registra de la Patente de Tnvencion dolada “FORMAS DE DOSIFICACION
MULTIPARTICULADAS DE AZITROMICINA MEJORADAS OBTENIDAS
MEDIANTE  PROCEDIMIENTOS DE CDAGULACION EN  ESTADO
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FUNDIDC ", cuyo titular es PFIZER PRODUCTS, INC, y pido a Usted declarar

fundada csta oposicion y en consccuencia negar ol registro de la patente solicitada.

1. INTERES PARA ACTUAR

Canforme w lo dispuesto en ol artivolo 471 de Ta Decision 430 de 2000 de la
CAN, estanda deacro del térnmino estipulade por la ley, manifiesto ¢l legitimo interés
de nuestra representada pura oponerse al registro de la patenwe de Ta referencia,
atendtendo a que la soticitud prerendida no cumple con los requisitos dispuescos en la

lev comeo se analizars mas adelante v de ser concedida afectaria dirccramente 13

contercialigdeion de algines productos de mi represenrada, que conrienen, cn

particular aziromicina, Por lo tante, salicito resperuosamente a ese Despacho z0 sinv
tener en cuenta la presenee aposiclan dengre del trinite admindstrativo quie se surte en

esta Superintendencia,

2. FUNDAMENTOS DE HECHOS

2104 soliciud objer de la presente fue prescocads o] 8 de marzo de 2006,
reivindicande priovidad baje las solicicudes TUS200305277440 del 20040204; v {ue
publicada en Colombia, en [a Gacera de la Propicdad Induserial Ne 5821 det 30 de
novicrnbre  de 2007, cuva publicacion  internacional  corresponde a0 L
WO2009075454 Jdel 20031104,

2.2.1a solivitud colombiana 06.53410 objeto de la presente oposicion, se refiere a un
procedimienta para la formacion de multiparttculados que comprende las etapas

de: {8 formmr on un extisor una mezcla en estado fundido que comprende
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whtremicing ¥ oan veliculo farmacéuticrments acepeable; (b)) suministrar dicha
mezela on estado fundide de la ceapa {a) a un medic de atomizacion para forinar
gotas o partir de dicha mezcla; v () coagular dichas goras de la etapa (0} para formar
diches  qudeiparvicnlados; donde ol procedimicnto para la formacion  de
multipardiculados gue comprende L ctapas de: (2} formar una mezcla en estado
fundido gue comprende azitromicing y un vehiculo farmacéuticamente aceptable;
{13} swministrar dicha mecla on oseade fendide de 1o ermpa (2 a2 un medio de
acnizacidn para forar gotas a pareir de dicha meecia; v {e) congular dichas gotas
de 1a ctapa (b)) para formar dichos multipareiculados, en el que [a concenracion de
ésteres de azicomicinag en dichos mulriparticalados es menor de aprosimadamente
an b % on pesoy donde dicha movzcha en esrado fundido se forma en ur extrusor: en
el gque dicha mezxla en estade fundido se forma o una temperatura de
procesamienre que cs Al menos [0°C superior al pono de fusion de diche
vehicrio; en el que dichs mezela e eatado fondido comprende una suspension de
azisromicina dibideio cristaling en dicho vehicile; en ¢ que dicha mezcla en
estado Jundido esed a una temperacura de al menos aproximadamenre 70°C y
menar de aproximadamente 130°%C; en el que dicla mezlz en csado fondide e
en csedo  fundide detaete ol menes 5 segundos ¥y durante menos  de

aproximadamente 20 minutos antes de b fornmcion de diclas gotas en la ceapa (b

2.3 Ahwra bien, con base en ol ardeula 14 de la Decision 486 de la CAN consagra lo

signienre: "Los paives miembrus atorgurdn patentes pore {os wenciongs, sein de productu o
procedimienit, en todes los campos de la teenologla, siempre gue sean nuevds, tengan nieel
inventien y sean susceptibles de aplicacion induseial”™. Asi Jas coses, las invenciones
abjero de patente deben ser nuevas v tener nivel inventiva, Bien, pues antes de la
fechs de prioridad de esm solicitud se onouentran los sigptentes documentos que

afecra b parentabilidad de ta presenre solicind:
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s DD WO 3833 publicada 1 7 de aposto de 2000,
« D2 UNIB24342 puicada ef 20 de ocrubre de 1998,
o [33: US40R6346 publicada ol 25 de abril de 1978,

e 24 USAI39872 publicads ¢! 31 de oerubre de 2000

2.4 Ahora bicn, ¢l documenco 1Y, particilarmente en b descripeion, pactioulacments

en ln piging 13, lincas 23 o paging 14 lines 5 pampa 22, dineas & 4 2% v,
veivinadicaciones 3 v 14, revela un procoso para preparar nuilti-particulas de un
tarmace que tiene alta v baja solubilicdad, con una concenrracion de un polimero
tal como un poloxamero v un material ormador de wicrofase Wpofilicn wl como
un derivado glhicénido ol cual comprende los pasos de forimar upa mezcla fundida
que comprende un Brnaco inestable y un portador (ver pagina 21, lineas 36 g
pdgina 22 lincas 33% encregando dicha mezela fundida 2 medios de stomizaciom tal
comer e diseo vortive fver phging 23 linen 14 par conformar gotas de dicha
mezcla fundida; v, fimalmente enilriar dichas gotas para conformar micro-particulas,
Dhicho dacumenco D, revela a partir de [a pdgina 38, linea 8, la aziomicing coms
activo de uso on Jainvencidn, De dgual {otma, este dovumento 0, ensefia que el
orden para reductr In degradacion, los excipientes convenienies asi como disefios
especialis do exension, particularmente on las paginas 21, Uneas 36 a2 pagina 22
linea 2 v paging 22 lineas 29 2 33, asi como pdaing 27 lineas 10 4 12, Asi, Yas cosas,
Ly presene solicinud no es novedosa pues 1o revelade ya se enconiraba en el cstado

de 1 téenica, particudarmente en el documenro 13,

2.5.El documienta [32, revela en [o descripeidn, particularmente en o columna 8,

alineas 8 2 10, cobmnna 47 Winen 62 a columna 19 linea 40, multi-pacticulas gue
conslsten en una suspenston solida de un sustrato salido ne grase que comprende
un ingrediente aceivo asociado con el nisme, donde ] susmate no geasa v el active

estin dispersos na unilormemente on an portador sdlido no graso ¢l cual puede ser
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un derivadao glicérido, dende [a mezela fue extruida vor columna 18, lineas 15 a
423 donde la mezcly exeruida desparés fue procesada a través de un atomizador para
ohtener multi-particulas de grasa selidificada a winperatura ambiente, Por su parte,
12, define gue dichos procesos son particularmente admisibles para sustangias
sensibles al calor, donde ¢f tiempo de residencia a altas temperaturas es reductdo,
tal ¢ conu se ovideneia on s columna 3, Tineas 22 a2 33 de dicho documento 22,
Como ral, diche documento 132, define que para cvitar largas exposiciones s
excesiva temperatura, da velocidud del proceso eelocidad del procese referida al
travsporte del material @l como un tornillo sinfin) podrd incrementarse en el
orden necesario para acclerar el ingreso a b erapa de extrusion y consecuentemente
reducir ¢l ticmpe de residencia a alwas temperacuras, conforme se revels en [a
columna 18, lincas 22 o 25, TPor [o ane, en ¢l documento I)2, se anticipa a la
solucion propuesta en la presente solicined objeto de oposicion, de al fornma que la
presente solicttud ne es novedosa pues 1o revelado ya se enconmaba en el estado de

la técnica, particularmente con base en el documenro 12,

2.6.Por su parte ol documenro 133, revela en I deseripeion, particularinente en la

columna 4 linee 20 4 columna 3 Unea 29, un méedo de manufaciues de ooyl
particulas rermicamente sensibics, que comprenden fenaceting, donde dicho
procesa comprende fundir la fenaceting usando un exiruzor de rornille; aromizar
dicha mezcia exeruids; soliditicar las micro-particitlas tusando un gas o un liquido.
Por su parte, ¢l documenre D4, revels en la descripeion, particularmente en la
columma 8 linea 4 a columna 9 linea 67, cjemplo 6 y reivindicaciones, un proceso
de xtrusion para conformar microparticulas que comprende formar una mescla
extruida, atomizarla con una hoquilla de rocio para obtener particulas; vy, ¢nfriat
dichas particulas con un lguido tal como nitrdgeno. Por lo anle, a pardr de estos
docomenros 113 v I en combinacion con la materia definida en Los documentos

My D2, cuadquicr persona versada en la materia puede egar de mancra obvia 2
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conformar un  procedimiento para la formacién de mulripardealados  que
comprende las etapas de: (a) formar en un extrusor una mezcla en estado fundide
que eomprende un activo v oun vehicole farmaccuticamente  aceprabie; {b)
simmiristrar dicha mezcly en csrado fundido de b emapa (a) 2 un medio de

atomizacion pars formar gotas a partiv de dicha mezcla; ¥ () coagular dichas gotas

de la erapn (b)Y para formar dichos mulbipariodados. Por lo wnto, a s ojos de

cams docuwnengos D3y 1M, en combinacion con la materia definida ¢n los
dacumentas 11 v TZ, da presente soliciond carcce evidentemente de alwura

inventiva,

7.Por la tanto, cste documentio obicw de oposician 2 Ta lue del decvmeno 10 y T2

careee de NOVEDAL 4 a parrir de los docimmentos 03 v D4, en combinacion con
la materia definida en los documentos DT y 12, la presenre solicitud carece de

ALTURA INVENTIVA.

2.8.En conscouencia v de acuerdn g o deserite anteviormentr, so Jeriva qui 1a solcitud

colombiana 06053410 no pucde preender un monopolio por patente tada vez
gue o gue pretende no cumple con dos de los tres requisitos necesarios para su

prodeccion.

2.9.0ue por consiguicnee, respecto 4 la solicingd pretendida se dene que:

2.91. CARECE DE NOVEDALD: Segiin la decision 486 de la Comunidad Awdina de

Waciones, Articule 16~ “Ung inpencidn se conndevard nueva owando no estd
carmfrendide en el estodle de lo wenica, El estade de e téonica comprendend todo to que
fuit sido accesible al priblico por une descripcidn esovita w oval, wutilizacidn,
comercializacidn o chulguier oo medio anes do e fecha de presentacion de la solicitud
e pettemte o, en su case, de b priovidad vecomocida.”. A la techa de priovidad, 4 Jde
dicicmliee de 2003 ya ova comocideo, pues come so detnostrd, era parte del are

anterior con base en el documente D1 v 132, un procedimiento para la
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{formacion de multipariculados que conmprende las etapas de: (2} formar ¢noun
extrusor una mezcla en estado fundido que comprende un azicromicing y un
vehiculo farmacéuricamente aceptable; (b} swministear dicha mezcla en estado
fundida de b eeapa () o wn mnedio de atomizcton para forimat gotas o partie de
dicha mezcla; v {0} coagular dichas goras de la erapa (b) pata formar dichos
multiparticuladoes. For o tanto, a los ojos de estos docwmentas D1y D2, In
prosente solicitud carece evidentemente de nowedad, sobre el cual busca
proteccion en ol capitulo relvindicatorio,

202, CARENCIA D) L INVENTIVA. Scgan ia Decision 486 de Ia
Comunidad Andina de Naciones, Arcicudo 18- “Se considerard gue una tnvencién
tene nivel inwentive, s para una persong del oficie normalmenic versada en le materia
ticnica comespondiente, esa invencidn no hubiese resultady obwia i sz hubiese devvads
de muners evidente del csrado de la séenica.”. A o fecha de priorvidsd, 4 de
diciembre de 2003, 2 partiv de los dooumentos 103 ¥ I en combinacion con
oy T2, s posihle deducir in conformacion de un provedimiento para la
formacion de multiparticuludos que comprende s ctapas de: (a} formar en un
extritsor una mezcla on estadeo fundida que comprende v active y un vehiculo
farraeceuticnmente aceprabic; (0 suminiserar dichs mescta on estade fundido
de da etapa () 2 un medio Je atomizacion para formar gotas a partir de dicha
mezeln, vy () coaguiar dichas zotas de la cmpa (B) para formar dichos
nmutitipacticulados, Por lo tanto, o los ojos de eseos dactimentos 123 ¥ 134, ¢en
conthinaciom con la materis definida on los docmnentos 101y [, la prescare
solivitud carece evidentenenie de alturs  invenriva, sobre el cusl Tusca
prareceisn en of capitalo refvindicatorio.

210, Dado o amterior, ¢ posible deduor que 1a solicitud v io relvindicado po es

aele de patentabilidad pucs es conerario a lo que dicts la Decision 480 de |a

Comunidad Andina de Naciones, Artenlo 4. “Los Paises Miembras otorgarin

oarreia 13 8= 11995, Ofiena 104, Tel (571021312 1% = P (37114 12 1970
Ll voepratieefoprinmm-co com « wiswogd inneco. com
Pogoni Calembin



pttenites bord L33 glenciones, sean d2 producto o de procedimisnie, en todes los campos de Lo
recnolugle, slempre gue sean atevds, tengan nivel inventive v sean suscelwibles de aplicactim
induserial.”. La solicitad prewndida no cumple con dos de los tres requisitos de

patentabiiidad.

2,11, TPorrodo o anterior, atenconente saliciee o wseed aue se siva declarar fundada

L presente opesicion v onegar ol registro Patente de invencidn denominada
‘FTORMAS DE DOSIFICACION MULTIPARTICULADAS DE
AZITROMICINA METORADAS OBTENIDAS MEDIANTE
PROCEDIMIENTOS DE COAGULACION EN ESTADO FUNDIDO” cuyu
titular ¢s PRIZER PRODUCTS, INC,, solicieud Colombiana gue aparecis
publicads ot by Gacers de by Propicdad Industeial W® 582,

3 PRUEBAS

De conformidad con jo dispuesto por las tornas vigentes, solicito a wsted wner

comer prucha en esge asuno Jos stgulentes:

o DL WORIE3IREI publicada el 7 de sposto de 2003
o 172 U55824342 publicada ¢l 20 de octubre de 1998,
o [03: US4086346 publicada el 25 de abril de 1978,

v D UIS6139372 publicada el 31 de octubre de 2000,

4. FUINTMMENTO DE DERECHO

rundamento esra observacion en las noninas legales siguientes:

Chpreea [3MWe 11095 Cficina 104, Tel 05T LT 1213 - Ve 3TUIG L2 42 79
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41, Numeral Tdel articulo 586 del Codigo de Comercio.

4.2, Articulo 42 de [a Decision 486 de I Comisién del Acuerdo de Cartagena,

4.3 En s demas normas concordanees.

5, ANEXOS

Parn los efectos correspondientes anexo al presente escrito los sfauientes documnernios:

I, Poder para actuar cn ef presente.

2. Docameraw gue acredita 2l representante legal de PROCAPS S.A.
3. Recibo de caja del respectivo paga de raza.
4 Coptas de bos documenoos:

v D WOD3063833 publicada el 7 de agosto de 2003,
1D2: 1155824342 publiceda el 20 de oerubre de 1998,
e 123: US4086346 publicada el 25 de abril de 19758

o D3 15A139372 publicada b 3t de ocubre de 2000,

Cotrers, U3 11095 CWieing 104 Tel 3702 12 1213 - B (37104 J2 190 7
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6. NOTTFICACTIONES

Para cfectos de notificaciones gue por disposicion del articulo 30 del Decreto
01 de 1984 debe hacer su Despacho, informo que wi representada v la suscrica
recibirernos otficaciones en I Secretaria de su Despacho o en mis olicinas situadas

en Ja Careera 13 Ne LIGQ5 O 104 de esta chudad de Bogoa.

Sefior Superintendente,

ELTANA ISAURA MOREND BOHORQUEZ
C.C. 51'975.664 de Bogota
TIPA BRI del Ch dela]
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‘ PODER FSPECIAL M

PROCAPS

Yo, WALTER TANAKA TATEKAWA, mayor de edad y vecine de 1a ciudad de
Barranquilla (Colopibia), identificado como aparece al pie de mi firma, guien en el
presente documghta actia en calidad de Representante Legal de la sociedad
PROCAPS 8.A. sociedad legalmente constituida y dgfniciliada en Ia ciudad de
Barrangnilla {Colombia}, por 2l presente dow&g otorgo a la doctora
ELIANA [SAURA MORENO BOHORQ , abogada en ejercicio,
identifivada como aparece al pie de su firma, con tarjeta profesional No. 83823
del C.8. de la J., poder especial, amplio y suficiente, para forpfular oposiciones u
ghservaciones 2 la solicitud de patente No. 06.053.410,/titulada "FORMAS
DE DOSIFICACION MULTIPARTICULADAS DE AZITROMICINA
MEJORADAS OBTENIDAS MEDIANTE PROCEDIMIENTOS DE
COAGULACION EN ESTADO FUNDIDO”, cuyo titnlar es PFIZER
PRODUCTS, INC., publicada en 1z gaceta No. 582 del 30 de Noviembre de

. 2007,

Nuestro apoederado queda facultado, de manera expresa, para realizar todo tipo
de actos necesarios para llevar a cabo el tramite de la oposicin, incluyendo, sin
limitacion, preparar y presentar solicitudes, hacer declaraciones, pagar tasas,
contribuciones ¢ impuestos, recabar les titules o certificados. Asimismo quedan
autorizados para impugnar administrativa ¥ judicialmente todo lo que feere
resyelto en e) expediente a que se hace expresa referencia en el pregente poder,
con todas Tas facultades generales y especificas que fuera requerido para ella.

De Iz misma manera, ademés de las facultades gue le confiere la natuyaleza del
presente mandato, se’ encuentran facnltados para recibiy, desistiy, fransigir,
sustituir, ¥ reasumir el presente poder, incoar acclones, interponey recarsos ¥
demés facultades conferidas por la ley.

Dado y Firmado en Barranguilla {Colombia) a los 20 dias de) mes de febrero de
2008. - :

GE WALTER TANAKA TATEKAWA

C.C. N” wh'251.923
Representante Legal  “

R~
Acepto:

O R il

FLIANA ISAURA MORENO BOHORQUEZ
©.6. 51'¥75.664 de Bogota
T.p.A, 83823 dei C.5. de 1a J.

CALLE B0 Mo. TBE-207 4.4, 50230+RB.X.(575) 3530733 - A782000 . 3714900 FAX: (574) 3533340 - 3550434 - 2533651 - 3552957
BARRANQUILLA - COLOMEBIA « NIT; R0.106.527-5
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CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL ¢ DE INSCRIPCION DE

DOCUMENTOS . !

PROCAPE 8, A .~ - o — s - o mm o oo o e ec e e eo——no e :
NIT: B89%0.106.527-5. i

EN JUNIO DE ESTE ANO SE ELEGIRA JUNTA DIRECTIVA DE LA CAMARA DE |
COMERCIO. LAS INSCRIPCIONEZ DE CaANDIDATQOS DEBEN HACERSE EN LA PRIMERA |
QUINCENR DE MAYC. FPARA INFORMACION DETALLADA DIRTGIRSE A LA SEDE!
FPRINCIPAL O COMUNICARSE AL SIGUIENTE TELEFONO: 3303911. i
ELL SUSCRITC SECRETARIO DE La CAMARA DE COMERCIO DE BARRANQUILLA, CON |
FPUNDAMBENTD EN LAS INSCRIPCIONES DEL REGISTRO MERCANTIL;
!
CERTIFICSEH '.
Que por Escritura Piblica No. 1,190 del 22 de Julio de 1976,
otorgada en la Notaria Tercera de Barranguilla, inscrito(as] en
gsta (CAmara de Comercic, el 28 de Julio de 1976 bajo el No, 6,070
del libro respective, fue constitulda la sociedad-------~--=--=--=-v-=--"
limitada denominada "PRODUCTORA DE CAPSULAS DE GELATINAS LIMITRDA'
"EROCAPS LIMITADAM - - - - m o e s o e e —m e e ae

CERTIFICA

Que por Escritura Piblica No. 1,307 del 28 de Junic de 1579,
otorgada en la Notaria Tercera de Barranguilla, i1nscrito(as) en
esta Camara de Comercio, el 23 de Julic de 13792 bajo el No. 10,635
del libro regpectivo, la sociedad antes men¢ionada-------------=-----~
se trangformo en sociedad anonima bajce la denominacion social de
"PRODUCTORA DE CAPSULAS DE GELATINA S.A." PROCAPS B.A.".-----=---=---= !

CERTIFICA

Que por Escritura Piblica Ne. 3,810 del 31 de Dic/bre de 1980,
otorgada en la Notaria Primera de Barranguilla, inscrito{as; &en|
eata Cémara de Comercio, el 30 de Enero de 1981 bajo el No. 12,7035
dael libro respectivo, la sociedad antes mencicdmada--~---------=------- ;
sa transforme en saciedad de responsabllidad limitada bajo al razon'
social de "PRODUCTORA DE CAPSULAS DE GELATINA LIMITADA "PROCAPS LI - |
M TAD A" | — ==~ = — s m e e e e e e m e m—m— o m ==

i
CERTIPICHKH '
Que por Escritura Fiblica No. 3,755 del 10 de Nov/bre de 1983,'
otorgada en la HNotaria Unica de Soledad, inscrito{as) en esta,
Camara de Comercio, el 22 de Nov/bre de 1983 bajo el No. 17,9522 del .

librc respectivo, la socledad antes menciopada---------~--=-=--=--=--= ;
se transformo en sociedad anonima bajo la denominacion social deﬁ
rPRODUCTORA DE CAPSULAS DE GELATINA S.A. "PROCAPS S.A.".,---------=--- ;
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CERTIFTICADD DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DX
_DOCIMENTQS |

. PROCAPS S.A4.
A90.106.527-5.

DN

_______________________________

CERTIFICH

| Que por Escritura Pablica No.
en la HNotaria 2a.

otergada

P camara

de

Comercio,

de Barranquilla, inscrito{as) _
el 230 de Dic/bre de 1996 bajo el Ho. 67,218 del
libro respective, la sociedad antes mencionada

i,&815

CERTIFICA

' Que  por Escritura Pablica No.

‘ otorgada en

o CAmara

de

' libro respectivo,

C gamblo

de

la HNotaria
Comercio,

el

2a,
23

3,775

CERTIFICA

del 18
de Barranguilla,
de Enero de 1997 bajo el No.
la sociedad antes mencionada
razon social, por la denominacion PROCAPS §.A.

del 06 de Dic/bre de 19%6,

en esgta

————————————————————————

de Dic/bre de 1996,
inscritolas}l en egta

67,704 del

i Gue dicha sociedad ha sido reformada por las siquientes egcrituras
"v/o documentog privados:

H Wuamnmero
' 39
392

' 1,464
2,744
3,826
| 3,835
. 2,260
1,849

, 444
| 3,090
- 269
2,342
1,652
3,615
89
2,070
2,281
765
459
2,608
1,730
416
1,613

; Pue  de

. DENCOMINACION O RAZON SOCTAL:
PROCAPS S.3.--
FRODCAPE.

. SIGLA:

aazawn/f mn/ada
1979/01/18
1881/04/3D
1982/08/27
1383 /08718
1984/07/16
1285/08726
1986/09/10
18RG/07/11
1990/02/21
1931/12/17
1993/02/01
1993707/ 28
1993/11/09
1996/12/08
1997/01/16
1887/07/17
1997/08/04
1999,/04/22
2001/02/21
2001/1.0/0%
2004/07/28
2005/03/03
2005/07/28

Hotaria
Hotaria
MNotaria
Notaria
WNotaria
Hotaria
Notaria
Hotaxia
Notaria
Hotaria
Notaria
Hotaria
Notaria
Hotaria
Notaria
Notaria
Motaria
Notaria
Motaria
Notaria
HMotaria
Notaria
MNotaria

C

3a.
la.

Notaria
de Barramguilla.
de Barranguilla,

No.

Unica de Soledad
Unica de Soledad
Unica de goledad
Unica de Boledad
Tnica de soledad,

2a.
2a.
Py
2a.
2z,
2a.,
2a,
2a,
23,
2a.
3a.
2a.
2a.,

2.

2.

2.

de Barranguilla.
de Barranguilla.

gae
de
e
de
da
de
Qe
de
de
de
de
de
de
de

Barranguilla
Barranguilia
Barranduilla
Barranguilla
Barrantgmiila
Barrangquillia
Barvanduilla
Barranguilla
Barranguilla
Barranguilla
Barranguilla
Barranguilla
Barranguilla
Barranguilla

ERTIFICA

Insc o Reg
5,452
13,112
15,533
17,416
19,554
22,230
24,9855
33,909
36,101
43,993
48,428
ED,BBZ
51,798
67,218
67,704
TO, 827
FO, 4813
80,628
91,502
ak, 771
112,898
1lé,3484
119, 322

acuerdo con lal(s) escriturafs) arriba citada(s),
ge rige por las siguientes disposiciones:

L

COH T I NI A dddddabddd

aaaa/mm/dd .

1975/01/24
1381/05/06
1982/0%/08
1983/08/26
1984/07/27
1985/09/04
1986/09/15
1988/07/13
1290/03/16
1992/01/28
1993/D2/16
1993/08/10
1893/11/22
1996/12/20
1997/01/23
19eF 07731
1297/08/14
199%/0a/23
2001/02/23
2001/11/08
2004/08/26
2005/03/10
2005/08/18

la sociedad |

)
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CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
| DoCUMBNTOS . !
" PROCADPS S.A. = rm e mm e e e —em e meo o
| NIT: 890.106.527-5. E

| DOMICILIO PRINCIPAL: Barranguilla,
| NIT No: 890.106.527-5.
MATRICULA MERCANTIL: 24,802.

i CERTIFICA

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

ERTIFICA

I
DURACION: El témmine Afde duracidn de la sociedad se £ii4 hagta 211
18 de agosto de 2073.

i CERTIFICA

.~ OBJETC SOCIAL: FEl ¢bjeto principal de la scciedad sera: a)-la fabri-
| cacion de capsulazg y otros productes similares a partir de materia-
‘ les tales como gelatinas u otrog de distinta naturaleza, que puedan
| ger utilizados como envases o recipientes de productos ¥y sustancias:
gquimicas, farmaceuticag y cosmeticas, para uso ¥ consumo humang y .
. veterinarie¢; bl-La investigacion, desarrolle y fabricacion de toda .
| clage de productos y sustancias quimicas, farmaceuticas y cosmeticas
. para uso y consumo humano, animal y vegetal; c¢)-La compra y venta de.
! materias primag, insumcs y productos intermedios necesarios para los

procesoe  de fabricacion de sustancias quimicas, farmaceuticas,alimen
' ticiag ¥y  cosmeticas, asi como la comerciallizacion interna y externa
" de los productos terminados, d) La compra, venta, importacion, ex-
| portacion y distribucion de toda clase de elementos instru-
mentales v equipos medicos, quirurgicos,odontologicos,y hospitalarios
para 1la salud humana ¥ animal. e}La compra,venta,exportacicn y dis-

R HE L

distribucion de dulces, confites, galletas y todo tipo de |
| gologinas © alimentos para el consumo humanc. £} Actuar comd re-
| presentante © agente de persconas naturales y juridicas, nacig- |
nacionales v extranjeras en la realizacion Je operaciones o© tran-'

' sacciones relacionadas con 1a industria farmaceutica ¥y en especial
con. cualgquiera de las actividades descritas en los literales aj,
i b}, c). d) y e) antes descritos; g} Prestar los servicios de
" agesoria y consulteoria en las areas administrativas, de mer- :
. cadeo, analisis c¢linico, asistencia tecnica, investigacion, COstos ¥
| produccion, exportaciones, importaciones, -wventas, relacionadas con
iguales © similares actividades a las que constituyen el objeto de
PROCARPE §.A., asi come los de publicidad y promecion ¢e productos |
quimicos, cosmeticog y farmaceuticos para ugo humano, snimal © in-

S0 SR R
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CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE

.DOCUMENTOS . _ . ]
PROCAES 8. A. <~ o= mmm mmm = drm e m o e e e _z
. NIT: 890.106.527-5.

~dustrial; h)-ARdquirir, operar, administrar y explotar, a cualquier
" titulo, empresa ¢ establecimientos dedicados a la investigacion, de-
sarrollo, fabricacion o comercializacion de productos guimicos, far-
- maceuticos, hospitalarios o© cosmeticos. En desarrollo de su objeto
. principal, la sociedad podra tomar interes sccial comp accionista,
"gocio o fundador de empresas gque tengan igual o similar objeto, com-
 prar, vender, importar vy exportar maguinarias, insumos y repuestos
: requeridos para el desarrolleo de sus actividades; tomar dinerc en
. pregtamo, f[inancilar ¥y garantizar lags operaciones comerciales gue ce-
i lebre con tercercs relativas a su cobjeto; celebrar y ejecutar todo
tipo de actos y contrabos necesarjios para desarrollar sus operacio-
. nes; gilrar, aceptar, otorgar y protestar todo tipe de titulos valo-
reg e instrumentos hpegociables; comprar, wvender y constitulr grava-
L menes  sobre bienes mushleg 2 inmuebhlen; designar representantes o
" apoderados en el pals ¥ en el exterior ¥y, en general, realizar cual-
i quier acto O negocio que gea necesarioc o conveniente para el desa-
‘rrollo de su objeto social v para la mejor proteccion de Sus intere-
. s¢s corporatives o la de sus sociog. La sociedad podra garantizar
el cumplimiento de obligacionés adguiridas por terceros o por sus
. Bogics, para Lo cual podra inclusive constituir gravamenes reales
" gobre sug bienes de cualquier naturaleza.----ec---mvoo-o - ommooao -

CERTIFICA

! CAPTTAT, Nro Acciones Valor aAccién
Autrorizado

CGkkR R RNk xxRD 000,000,000 Trwkxxkrardawd 000, 000 ¥ExEkFkkkkkkFEN*AX] (000
Supcritoc

; Skkdkkdkdwx] 224,500,000 wtkkhrrhkrhkkdn] 204 500 FFxxkkkwkhk vk drxhkx] 000
- Pagado

i Swhkkwkdrk¥] 220 071,000 wkexkkkdhdhhr]l 279 (7] FrkkkkxkkErkhkdukrix] 000

CERTIFILILCA

. ADMINISTRACION: La direccion y administracion de la gociedad corres-
! pondera a la Asamblea General de Accionistas, a la Junta Dirsctiwva,
al Presidente, al Vicepresidente y a un Gerente General. Corresponde
ca la Junta Directiva las siguientes funciones y atribuciones entre
otrag: Autorizar cualguier acto ¢ contrato cuya cuantia sea superiocr
" al eguivalente en pesos Colombianos a dos¢ientos cincuenta mil dola-
rege de log Estados Unidos de America (US5250.000), licuidados a la
c kasa de cambico representativa del mercado vigente el dia en que se
- surta la trangacion. <Cuando se trate de operaciones en virtud de
. lag cuales la sociedad garantice obligaciones de tercercs o de los
" 2ocioa, 8e reguerira gque la operacion sea aprobada con el voto de
cpor lo menos 2/3 partes de los integrantes de la Junta Directiva.

" La pociedad tendra un Preésidente , quien ejercera la representa-
~gion legal de la socledad y tendra las siguientes atribu-
- ciones entre otras: Bjecutar las decgisiones de 1la Asgamblea
General de Accionistas y de la Junta Directiva. Ejercer la Represen-
tacion Legal de la sociedad en todos 1los actos y contratos gque se
requieran para €1 desarrolle del objeto social, de c¢onformidad con
. lo previsto en las Ieyes vy en log presentes estatutos. Constituir

LA R B R & X B & & S [} N T I N OOAR #Ftbkdkkiddh
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apoderados judiciales y extrajudiciales, recibir mnotificaciongs,

absolver interrogatorios de parte, confesar obligaciones de la‘
gocledad, transigir, Jdisistir ¥ allanar a la scciedad en cualguier |

asunte Judicial, Aprobar y c¢elebrar en nombre de la sccieda todo
acto o© contratec cuya cuantia sea igual o inferior al eguivalente

en pesos colombianos a doscientos ¢incuenta mil deolares de 108

Estados Unidos de america (US$250.000), liquidados a la tasa de
campbio representativa del mercado vigente el dia en (ue se surta
la transacion © celebracion del acto. Lag demas funciones que le
correspondan como Representante Legal por disposicion de la ley,
de estos estatutos o de la Junta Directiva. El Presidente tendra un
suplente, designado por la Junta Directiva, quien reempiazara al

Presidente en sus faltas temporales, absolutas © meramente acdciden- .

taley, econ entidades facultades y gin que sea necesario para ello !

acreditar 1la ausencia del principal. La sociedad tendra un Vicepre-

gidente degignado por la Junta Directiva, quien tambien ejercera la

representacion legal de 1la sociedad, pudiendo ejercerla conjunta o |

separadament e comn el Presidente, Bl vicepregidente tendra 1as

giguentes facultades entre otras. Ejecutar dentro de su competencia
lag decizicones de 1la Asamblea General de Accionistas, de la Junta .

Directiva y Gel Presidente. Ejercer la representacion legal de la
sociedad en todos los actos y contratos gue se regquieran para el
degarrollo del objeto sccial, de conformidad con 1o previsto en las
leyes Vv en 1os presentes estatutos. Constituir apoderados judiciales
¥ exXtrajudiciales, recibir notificacicnes, absclver interrogatorios
de parte, confesar obligaciones de la socledad, trangigir, desistir

¥ allanar a la Bsociedad en cualguier asunto judicial. Aprobar ¥

celebrar en nombre de la sociedad todo acto o contrato cuya cuantia
sea igual o inferior al equivalente en pesos colombianog a clento
cincuenta mil dotares de los Estadoz Unidos de america {US$1506.000),
ligquidados a la tasa de cambio representativa del mercado vigente
el dia en que se surta la aprobacion o gelebracion del acto, siempre
que ne BSe trate de enajenar bienes immuebles o cualguier otro activo
fijo de 1la sociedad, inclusive de naturaleza muebles, aceciones,
cuotas o partes de interes invergiones y todo tipo de derechos
de la socledad, ¢ de constituir gravamenes sobre cualguiera de los
anteriores, facultades gue radican exclusiva Yy privativamente en
cabeza del Presidente. Las demas funciones que le corresponda como
Representante legal por disposicion de la ley, de estos estatutos
o de la Junta Directiva. EL Vicepresidente tendra (1) suplente,
dezignado por la Junra Directiva, dquien lo reemplazara conjunta o
separadamente en sus faltas temporaleg, abscolutas ¢ meramente
accidentales, con identicas facultades vy sin gue sea necesario para
elleo acreditar la ausencia del principal. La gociedad tendra un (1)
Gerente General, c¢on su respectivo Suplente, designados por la Junta
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Directiva. El1 Suplente reemplazara al Gerente General, en sus faltas
. temporales, absclutas o meramente accidentales, guien junto con el
. gerente general, llevaran la representacion legal de la socliedad,
c¢on identicas facultades, pudiendolas ejercer c¢onjunta o separada-
. mente con el FPresidente y Vicepresidente, con identicas facultades
. ¢que el @Gerente General y sin gue sea necesario para ello acreditar
" la ausgencia del +titular. El Gerente General tendra las siguientes
facultades entre otras: Ejercer la repregentacion legal de la socie-
i dad, en teodos los actos y contratos que se requieran para el desa-
“rrolle del objeto social, de conformidad con lo previsto en las
leves y en log presentes estatutos. Aprokbar y celebrar en nombre de
' 1a sociedad todo acto © contrato cuya cuantia sea igual o inferior
"al equivalente en pesos Colombiangs a Cincuenta Mil deolares de los
Estados OUnidos de America {(USSR0.000), liguidades a la tasa de
i camblo representativa del mercado vigente el dia en que se surta la
- aprobacion o celebracion del acto, giempre gue no se trate de enaje- |
‘nar a cualquier titulo bienpes inmuekles ¢ cualguier otrp active fijo |
v de 1la socliedad, inclusive de naturaleza mueble, acciones, cuotas o
. partes de interes, Iinversiones y todo tipo de derechos de la socie-
‘dad o de c¢onstituir gravamenes schre cpalguiera de las anteriores
facultades ¢que radican exclusiva y privativamente en cabeza del
| Presidente. R e R e il T R

CERETIFICR

'Que seqin Acta No. 116 del 27 de Junio de 1887 correspondiente a .
~la hsamblea de Accicnistas en Barranguilla, de la sociedad:
I PROCAPS BB, - - - —mmmmmm s o e e
{ cuya parte pertinente se inscribié en gsta Camara de Comercio, el
15 de Agoste de 1%97 bajo el No. 70,838 del libro respectivo,
¥ segin Acta No. 127 del 22 de Marzo de 2000 correspondiente a |
[ la Asamblea de Accionistas en Barranguilla, de la sociedad:
- PROCAPE i i
_Cuya parte vpertinente se inascribid en esta Camara de Comercio, el
128 de Mayoe de 2000 bajo el No. B7,250 del libro respective, fueron
- hechos los siguientes nombramientos:

| CLASE: JUNTL DIRECTIVA

- Principales

' 1. Minski Gontovnik Ruben QU *dk*ekx%F 463,982
2. Minski Gontovniik Meyer QO ***ex**? 457,324
3. Mingki Gontovnik Jose CO.xkdhaadg 571, 834

i Buplentes

: 1. Minski Zilberblum Elliot Co.*¥te+%72 219,541
2. Minski Deitel Daniel LhE Ak ke k kb kK
3. Minski Sharon PA.%9%90,212,082,805

CERTIFICHA

' Que segiin Acta No. 116 del 27 de Junioc de 1997 correspondiente a
lz Asamblea de Acocionistas en Barranguilla, de la sociedad: PROCAPS

kkFExkkkk*xx O O N T T H IJ A ***dkxkdddx
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© 8.A., cuya parte pertinente ge inscribid en esta Cimara de Comercio,
' el 15 de Agosto de 1997 Dbajo el No. 70,838 del libro respective, |
fueron hechos los sigquientes nombramientos: :

i Cargo/Nombre Identificacidn |
| Presidente, '
; Minsgki Gontovnik Ruben CC,**xd* k%7 463,982 |
| suplente del Presidente '

Minski Minski Abraham CC. *xxkkrwk*g(2, 575,
| vicepresidente !
i Minsgki Gontovnik Meyer Q. ****x*¥7 461,324
| Suplente del vicepregidente :

Mingki Gontovnik Jose QO **x*¥%*%8 71,6834

: CERTIFICHA

| Que segin Acta No. 11 del 01 de febrere de 2001 correspondiente al
| 1la Junta Directiva en Barranquilla, de la gocledad: PROCAPS B.A.,
I cuya parte pertinente se inscribié en esta Camara de Comercio, el
i 12 de Febrere de 2001 bajo el No., 91,273 del libro respectivo,:
| fueron hechos los siguientes nombramientos: !

| Cargo/Nombre Identificacidén |
I Gerente General. i
. Uribe Ochoa Guillermo Luis QO Fvwx**x7() Q73,754

| |
CERTIFICAE
! |
Que segiin Acta No. 206 del 02 de Sep/bre de 2004 correspondiente a
la Junta Directiva en Barranguilla, de la sociedad: PROCAPS 5.A. |
cuya parte pertinente ge ingcribid en esta Cimara de Comercig, el
0% de Sep/bre de 2004 bajo el No. 113,263 del Iibro respectivo, |
fueren hechos leog siguientes nombramisntosg:

Cargo/Nombre Identificacidn 3
Suplente del Gerente. L3
Tanaka Tatekawa Walter CC. ®v*ekdig, 251, 923

B

CEERTIFICA

a

' g
: Que segiin Acta No, 124 del 29 de Marzo de 1%3¢% correspondiente a!:
. la Asamblea de Accionistas en Barranquilla, da la sociedad: PROCAPS .
| @.A. cuya parte pertinente se inscribid en esta Camara de Comercio, -
. el 04 de Agosto de 1929 hajo el No. 82,226 del 1ibro regpectivo, | &
i fueron hechos los giquientes nombramientos: b=
. Cargo/Nombre Identificacitn &
i Revigor Fiscal Ppal. g
Vargas Pertuz Ana Igahel QO +¥+k*%32, 696,645 9
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CERTIFICADG DE EXISTENCIA ¥ REPRESENTACICON LEGAL O DE INSCRIPCION DE

-DOCUMENTOR . : : S -
C PROCAPS S, —=m s - - == mm = o e m s e e

CNIT: 830.106.527-5.

CERTIFICA

r Que  sSeqlin Acta No., 127 del 22 de Marzo de 2000 correspondience &
"1a Asamblea de Ac¢cionistas en Barranguilla, de la sociedad: PROCAPS

S.A. cuya parte pertinente se inscribid® en egta Camara de Comercio,
el 2% de Mayo de 2000 bajoc el No. 87,250 del libro respectivo,

. fuaeron hechos 1os siguientes nombramientos:

Cargo/Nombre Identificacién

., Suplente del Revisor Fiscal.

Lozada Villareal Milena CC, **xx*¥*37 748,111
CERTIFICA

Que por Escritura Pablica No. 2,784 del 07 de Dic/bre de 2007,
otorgada en la Notaria 2 a. de Barrvanguilla cuya parte pertinente

P me 1ngcribid en esta Camara de Comercio, el 20 de Dic/bre de 2007

bajo &l Nop. 3,4%2 del libro respectivo,--------=rommmmmm o e

v lag inscripciones 3.492-1, 3,493, 3.494, 3.495, 3.496, 3.497, ----

1.498, 3.49%, 3.500, 3.501, 3.502, 3.503, 3.504, 3.50Q5, 3.506, -----
3.507, Consta que RUBEN MINSKI GONTOVNIK, C.{C. No. 7.463.882, ----- -
ocbrando como Presidente y Representante Legal de la sociedad C.I.

! NATURMEGA S.A., due obrande en su c¢ondicion de Presidente vy ------ -

Representante Legagl de la sociedad PROCAPS S.A., &l presidente ----

. debidamente facultado por l1os Estatutos Sociales v por el Maxime
" Qrgana  Social, otorga los siguientes poderes: Otorgar poder --------
. general, amplio ¥ suficlente a log doctores JOSEFINA DEL CARMEN ----
‘ MIELES BUELVAS CC.N0.33.138.497; a MARCELA CARVAJALING FPAGANQ ------
., CC.N0.22.579.74%; CRISTINA VIOLI FRANCESCHINI CC.No.22.463.716, con

las facultades ¢ue se transcriben a continuacion: a.- Para gque -----

~repregenten a la socledad PROCAPS S.A, ante todo tipo de -----------

autoridades administrativas vy jurisdicciconales, en asuntos de —---- -
naturaleza c¢ivil, laboral, comercial, penal, aduanera, cambiaria,

i tributaria, peliciva, administrativa y fiscal. b.- Contestar y -----

pregentar demandas, reguerimientos, recursos, pedir y aportar ------

: pruebas, recibir, notificarse, ejercer la accion de tutela, --------
" tramitar incidente de desacato, <¢omparecer en los pro¢esos que -----

cursen contra la sociedad, allanarse en noubre de la sociedad en
log asuntos Jque sSean necgsarios, transigir, desistir, sustituir,

» réenunciar  y  reasumir el poder. ¢.- La facultad expresa de --------- -

goncilialr, por tanto pueden llegar a acuerdos conciliatorios, ------

. transaccionales, judicizles © extrajudiciales ¢ extrajudiciales,
- cualguiera gque sea su cuantia, para 1o cual las apoderadas deben
. aportar la autorizacicn simple y escrita del Representante legal

"de 1la sociedad. 4d.- Podran presentaxry solicitudes de develucion v/o
, compensacion de Iimpuestos, ventas ¥y rentas, recibir log pagos por
© las devoluciocones y adelantar todo tramite ¢ proceso administrativo

ante la DIAN, de tal forma que en ningun momento Jquede ginp -------—~-
réepresentacion legal de la sociedad. PODERES ESPECIALES: a.- 8e ----
confiere poder especial ampiic y suficiente a las perszonas gque s

i determinan seguidamernte, gue conforman el dgrupo A y B, para, para

que conjuntamente suscriban contratas de suministros de mercancias

.y servicios <c¢on entidades oficiales, hasta la suma de COCHOCIENTOS
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CEETIFICADC DE BXISTENCIA ¥ REPRESENTACION LEGAL © DE INSCRIPCION DE
DOCUMENTOS .

PROCAPS G . A .= mommm o e me e m e me——a=— - !

NIT: Bol.106,.527~-5. I

MIL DOLARES DE LOS ESTADOS UNIDOS DE AMERICA {US800.000.00), -------
liquidades & la tasa representativa del mercado vigente en el dlal
que se realice la respectiva transaccion. Grupo A, WALTER NANAKA
TATEKAWA CC . No,.16.251,923, CLaDIA TANGARIFE CASTILL( -----~=---=-- ;
CC.No.41.660.293, CARMEN ALICIA FLOREZ CC.No.22.434.044, IVAN ------'
VILLAREAT, CAMACHQ C.No.91.201.749, CARMEN ALICIA HERRERA ----------|
DIRZCRAWADOS COC.No,22.377.540, DAVID ANTONIC CHAERIS GIRALDO ~---=-- !
CC.No.19,.341.2%4, RICARDG DORADC HURTADO CC.No.79.715.772, JAIME,
FORERO DLINAS CC.N0.19.300.593. bh.- Se confiere poder especial ----- }
amplic y suficiente al senor WILLIAM ALBERTO BARROS CERRA ----------
OC.Wo.48.715.941, v a2l senox ANWNTONICO VARELA DIAZ CU.No.72.004. 699,.
para Que en ncmhre v representacion de PROCAPS 5.a., suscriban -----°
declaracicnes cambkiarias, advyaneras y tributarias a que esle ------- '
obligada la scociedad, en el girc normal de sus negocios y ---------- !
operaciones socliales, por tanto ouedan facultados para firmarlas,
como tambien 1os demas documentos relacionados con ellas, --~--~--=~-- i
notificarse, aportar y solicitar 1las pruebas gue Sean necesariag.
. -Otorgar poder especlial amplic y sufi¢iente al sénor MARLON ----- |
TATIS PAREDES CC.No_72.176.874 y al genor WILLIAM ALBERTC BARROS °

CERR2 CC.NHo.B.715.941, para que en nombre y represeéntaciocn de ------ i
PROCANFS S.A., suscriban las declaracicnes, reportes y cualquier!
dotumento relacionado con los tramites o registros de Comercio ----- i
Exterior y o© cualquier entidad del Estado que haga sus veces: d) |
Otorgar poder eBpecial amplic v suficiente a la doctora CARMEN ----- E
ALICIA HEREERA DIAEGRANADOS, CC.Ho 22 .377.540 v al doctor WALTER :
TANAKA TATEKAWA, CC.No.16.251.923%, para gue en nombre ¥ ---------~--- l
repregentacion de PROCAPS S.A.; endosen los titulos valores de la
sociedad hasta por la suma de UN MIL MIDLOMES DE PESQS --------==--- i
{1.000.000.000.00} M.L. CUARTC: EI representante legal de la ~------ ,

sociedad PROCAPS 8.A.; doctor RUBEN MINSKI GONTOVNIK, manifiesta !
gque la presente refcrma fue aprobada por la Asamblea General ------- :
Extraordinaria de Accionisgta de PROCAPS S5.A, con gbservancia de
las disposiciones legales y estatutarias.-----------------==--~=---~

CERTIFICA |
Que en esta Camara de COmercito no aparecen inscripclones posteriores:
de documentog referentes a reforma, disclucidén, liguidacidn o
nombranientos de representantes legales de la expresada gortiedad.

CEERETIFILCA
Que su dltima Renovacidn fue el: 20 de Marzo de 2007.
La informacidn sobre embargos de establecimiento se suminigtra en '
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PHARMACEUTICAL COMPOSITIONS OF AMORPHCUS DISPERBIONS
OF DRUGS AND LIPOPHILIGC MICROPHASE-FORMING MATERIALS

The priority of Provisional Application Serial No, 60/354,081 filed Februaty
1, 2002 is claimed.

BACKGROUND OF THE INVENTION

The invention relates to pharmaceutical cormpositions comprising (1) 2
solid amorphous dispersion comprising a low-golubility drug and a concentration-
enharcing polymer and (2} a lipophilic microphase-forming material that enhances the
concentration of the drug in 8 Uge environment,

Low-solubility diugs ofter show poor bivavaiiabiity or ireguiar absorption,
the degree of iregularity being affected by factors such as dase level, ted state of the
patient, and form of the drug. tncreasing the bicayvailability of low-solubility drugs has
been the subject of much ressarch. Inereasing bipavailabliity depends on improving the
concentration of dissolved drug in solution to improve absorption.

it is well known that the amomhous form of & jow-sohbility diug that t=
capable of existing in either the crysiatine or amorphous form may temporarily provide 3
greater aquecls concentration of drug relative to the equilibrium concentratinn obtained
by dissolution of the drug in a use environment. Such amorphaous forms may conslst of
the amarphous drug alone, a dispersion of the drug in a matrix matedal, or the drug
adsorbed onto & substrate. it is balisved that such amombhaus formms of he deag rmay
dissalve more rapidly than the ciystalline formm, often dissoivng faster thap the drug can
predipitate from sohution. As a resul, the amorpnous form may temporarlly provide a
greake-than equilibrium concentration of drug,

While such amorpheus forrns may show initisjly enhanced concentration
of the drug in @ use environment, nevertheless the improved concentration is often short-
lived. Typically, the initially enhanced dryg congentration s only femparary and quickly
feturns fo the 'ower equilibrivm concentration,

Ona approach to increase the bivavallability of low-solubdity drugs has
invglved farming amarphous dispersions of drugs with polymers, Examples of attermpts
to increase drug concentrafion by forming a dispersion of the drug with & polymer includa
Nakamichi et at., U 5. Patent No. 5,456,023, and Curatole st al., EFP 080178642,

It ia known to mily, surfactants with aolid amorphous dispersions, Curaiolo
st al, EP 0O01785A2 tiscinse that a component of the tispersion ey be a surface-
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acfive agent suth 5 a fatty acid and alkyl sulfonate, commercial surfactants such as
benzethanium chlorde, docusate sodium, and polynxyethylene sorbitan fatty acid esters,
and natural surfactants. Curatolo et al. state that such materials can advantageousiy be
employed {o increase the rate of dissolution by facilitating wetting, thereby increasing the
maximum drug concentration and the degree af sunsrzaturation atfained, and also o
inkibit crystalization or precipitation of drug by interacting with dissolved drug by
mstharsms such &5 complexation, formation of inclusiah complexes, fommation of
riceiles or adsorbing to the surface of sofid drug, crystalline or amorphous, Guraiolo et
al. state that these surface active agents may comprise up to 25% of the dispersion.
addition, Curafole et al. also disclose that surface active agenis may be present in
composliions containing dispersichs.

Navertheless, what is stlll desired is a composition that may enhance the
dizgalution andfor bicevaiiability of poorly stioble drugs. These neets ang otihers that
will becorme soparernt 1o one of prdinary skill are met by the present invention, which is
summasized and described in detail below.

BRIEF SUMMARY OF THE INVENTION :

The presert invention overcames the drawbacks of the prior ar by
provicing 5 coenpasition comptsing (1) 2 solid amorphous dsperzlon comprising a tow-
sotubility grug and & concentration-enhanting polymer and {2) a ipophilic microphase-
jorming fajerial. The combination of a solid amarphous dispersion and a lipophilic
microphase-forming material results in improved dissolved concentration of the drug in
the aguecus use environment, and i same eémbaodiments & surprising synergy. Fora
given dose of drug, the combination may either pravide higher bicavailafhlity with the
same amgunt of concentration-enhancing palymer, or may provids the same
bloavailability but with less concentration-enhancing polymer.

i amctiner aspect of the nvention, a solid amorphous dispersion
GOMPTISiNgG & Jow-solubility drug and & concentration-enhancing polymer is ¢o-
administered with a lipophilic microphase-foming material to an jn vive Use environment.
Anothar aspect of the invention comprises a kit comprising a solid amorphous dlspersion
comprising a low-solubility drug and a concentration-enhancing polymer and a lipoghilic
microphase-forming material.

The presernt inventors have found that the abiity of a solit amorphous
dispession to emiance tne concentration of drug in a vse environment may be
significantly improved by the addiiton of certain lipophilic microphass-forming materials.
These lipophilic microphasa-forming materals, whan administéred to an aguecus use
environment such as the Gl tract, form a plurality of smalt microphases, or so-calied
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"linophilic micraphases,” The lpophilic microphase-forming materials are chosen () 1o
be water immiscible, {2) go that the drug has a high partition coefficient with respect to
the lipophific microphases, and (3) so that the resulting lipophilic ricraphases in the
AquecUs uge anvinoorment are simall.

without wishing to be bound by any particular theory, the present
inventors believe that when a composition of the present invention comprising & solid
amamphaus disperslon comprising a low-solubility diug and a concentration-enhancing
poymer and a iipophilic microphase-forming materal ars intreduced (o a use
envirehment such as the Gl tract, the drug may be present in several different species,
When the adueous tse enviranment is eithar the Gl tract of ap animal, or an i vilio use
environment thet sirmates the Gl ract of an anima), it is believed thaf at least five
different drug species are formed; {1} free drug; {2) drug present within blle sait micelles
that are naturally occurring in the Gl iract; (3) nalymer/drug assemblies, {4) precipitate;
and {5} diug in lipophilic microphases.

As used herein, the term "free drug" refers to drug molecules which are
dissolved in the agueous solution and are generally either monomeris gr clusters of no
mare than sbout 100 molecules. A "polymetfdrug assembly” refers 10 a collection of
polymer mokecules and drug molecwss which are physically associsted to form an
assembly or aggregate thai is sufficisntly small that it remains suspended in solution,
"Precipitate” Is 2 genaral tarm for any ralatively large pariculates that foirm and fall out of
soution, edher naturally or upon cenirifugation, Such precipitate may comprise one or
more o all of the feilowing forms: (1) erystalline drug; {2} amorphous diug; and/or (3) a
rixture of drug and polymer that is present ag particles that are sufficleptly large S0 as o
drop ot of solution {typically greater than about 3 to 10 microns 1 average diametar),
As used herein, the tarm "total dissolved drug” refiers B the concentration of drug in &
Usa environment that is not present in precipitate.  Thus, "total dissalved drug” refacs to
dryg that is present as free drug, drug within bile salt Ticefies, drug in polymerfdrug
assgmibhas, and drag in the fpophille microphases.

it is desired {0 increase the free drug conceniration in the Gl fract
hacause, in genaral, primarily fee diug is directly absorbed from the B! ract info the
bleod. The avsomtion rate of a drug from the G tract ta the blood is therefore generally
proportional to the free drig concentration at the intestinal membrane surface. Drug
present in the other species generally rmust first canvert 10 s free drug fomm In ordes to
be absorbed.

The presant invention provides ona or more of the foliowing advaniages
aver priar mathods for enhancing the cuhaeniration and bioavalatility af ew-solubility
drugs. The lipophilic microphases are capable of sufficiendly schubilizing the drug h the
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uze environment i enhance bivavailablfity. I some cases, the lipophilic micraphases
zte thought to be (1) highly maohbile, meaning that they may difuse more rapidiy
throughout the use enviromment than preciphate; and {2} 1abite, meaning that the drug
may rapidly convert back and forth between the lipophilic microphases and free drug. it
is believed that the lipophilic microphases may be more mobite than the polymerfdrug
assemblizs, Becauss the lipophilic microphases solubilize the drug, the linophiic
microphases may reduce the farmation of drug precipitate and Increase %e amount of
total dissolved drag. The 'ability of the fpophilic microphases may also ncrease the rate
of resupply of free drug in the use environiment. As free drug is absorbed, drug present
in the lipephilic microphases may rapigly convert to free diug, thus maintaining a
sustained free drug concentration. When the fipophilic microphases are small, thelr high
mohility may also increase the rate of drug absamtion by the intestines by increasing the
transport rata of the drug through the unsiwret boundary teyer Sdiacent 1o the intestinai
wall. ' combination, these properties may greatiy enhance the rate and exient of drug
absorption (&.g., bioavailabiiity).

In addition, the campositions may also have the advantage of providing
more regular absarption between the fed and fagted state of 2 patient. A problem whan
dosing low-solubility, inophilic drugs is thed the ahsorption of the drug may vary widely
between the fed and fasted siate of the patiemt,  As previously noted, Hie-sall micelles
thay be present in the &1 ract, These micelles can behave in a similar way as the
lipophilic microphase-forming materials of the pragent invention, It is believed that drug
can readily parition into such hile-salt micelles, and drug in bile-salt micelles (s readily
absorbable becauss it is lahile and the micsliag are highly mobile.

It is well known in the ant that inthe fed state, the concentration of ble-salt
miteites present in the G iract s greater than the concentrafion present in the fasied
stale. The inventors believe that this difference in the concentration of bile-salt micelles
in the Gl {ract in the fed versus fasted state may account, at least in part, for the
fedfasted differances in bicavailzhility observed far many pharmacaufical compasitions,
The compasitions of the prasent invention comprising a sofid amorphous dispersion ang
a lipophilic micraphase-forming matenat may mintmize this fedfiasted diference in
Dipgvallability. The composibons tend to squalize the amount of drug present in highly
]abf.re, highly mobile species betwaen the fed and fasted state, and thus provide a more
uniform blogvailability hetween the fed and fasted state.

| The foregoing and cther obiectives, features, and advantages of the
inventian wil be more readily undersiood upon tonsigeraiion of the foilowing detailed
destription of the invention,
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides in one aspect a compositian camerising
{1} a solid amarphous dispersion comprising & law-sofubility deug end a concentration-
enhancing palymed, and {2) & liponhilic mitrophase-forming matestal. The lipophilic
microphase-forming materal may either be present in the dispersion Hsell, may e mited
wilh the diepersion, of may be separate from but co-atmmisiered with ine dispersion.
Suitable hpophic microphaze-domming materials, dregs and polymers, and methods for
making the cormpositions, are tiscussed in more detail below.

LIPOPHILIC MICROPHASE-FORMING MATERIALS

The lipophilic microphase-forming material may comprise a surfactant
and/or & lipophilic materal. Thus, as used herein, the "lipophilic microphase-forming
mataral® is intended to include blends of materials i addition to 8 single material. The
lipophilic microphase-forming material must {1} be water immiscible {2) be capable of
forming a plurafity of smaii ipophilic microphases in the use environiment and {3) have a
reiatively high partition coefficient for the drug in'the use anvironmaent.

The lipophilic microphase-forming material must be "water immiscible,"
mearting that the material when administersd as prescribed herein to an /o vivo aqueaus
use environment exceeds its solukility as solvated molecules thus requiring the formation
of 3 second phase. ldeally such a second phase takes the form of a large number of
small phases such as miceiies or g microemulsion. Tha lipophilic micrphasa is 2
separsts phase in the aquacus use envirenment; the separate phase ranging from
extremely emall agaregates such as micelles or as large droplets Lp 10 a Tew MICIORS in
size. Thug, the lipophilic micrephase forming material is not compietely waler solubie,
The fipophilic mia ophase-forming materia) afso is capabie of forming a phorality of srmsd
Ypophitic microphases in &n it vive agueons use environment withoul the need for

sBing, agitation or other mecnanicat energy. The maleral need not be self-emulsifying.”

Nevertheless, preferably e lipophilic microphase-forming materal should not
aggiomerata into a single phase within the use environment, but should remain as a
plurality of microphases for at least 1 hour and prefecably longer. When the eomposition
is administered o an jin vifo aqueous use environmertt, the lipophilic microphase-
forming material shoutd form a plurality of microphases with at most oniy slight agitation
of the use environment, The migrophases remain smak for at least 1 bour, and maore
preferably at least 4 hours, after agministration to the use environmant.

K should be noted that some lipophillc matarlals that do not form a
plurality of microphases when administered algne may ofien form such phases when
administered with the polymeridrug salid amorphous dispersions. This is particulary true
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when the lipophilic migrophase-Torrming matenal is dispersed, along with the drug and the
polymer in the solid amorphous dispersion,

The resulting lipophilic microphases formed in the agueous use
environment are small. By "small” fs meant that the lisophilic microphase-forming
material forms lipophilic microphases that are generally [ess than about 10 pm in
characteristic diameter, By "characteristic diameter” Is meant the volume average
diarneter of the microphasa in the use enviranment, The charactenstic diameter may be
detennined by standard measuremeant techninues, such s dynamic light scattering and
atatic ight scaltering, of by examination via oplicsl- of scanning-eiechion rmcroscopy,
transmigsion-gleciron rmocroscony, couller-countipy methods, and size-gxcusion figld-
flow fragiionation. The resulting particies may be smaller, sych as less than 1 gmin
characlesistic diameter, less than 100 nm in characteristic diamater, and less than 50 nm
in characteristic diameter. The slze of the microphases depends on the other
components of the compesition, such as the drug and polymer, the manner in which the
components of the composition are combined, (such as having the lipophilic microphase-
forming matenal dispersed within the polymer/drug dispersion), as weil as the
companents of the uge emdronmant, This is particularty frue in an i vive use
envirenmeant where the presence of proteins, bile salts, and ather swrface aglive agants
may cause someg compositions ko farm suitably small linephilic mickopbhases even though
they da not form such ricrophases in in vitro tests. n adgition, i is well known thad, in
ihe in vivo ervironment, manty lipophilic mictophase-forming rmaterials soch as mono-, di-
. #nd ingiyoerides may undsrgo chemical conversion 1o Other species that in fimea form
the microphases. Thus the ultimate test of an appropriate lipophilic microphasse-forming
material and composition is best condutted in the in vivo use environment,

The labillly of 2 drug from the free drug phase inte and out of the lipophilic
microphase is generally a function of the miciophase slze. By "ability" is meant the
kinetics or rate of drug release or drug partitioning into or out of the microphase.
Generally, for a given mass of lipophific microghase-forming matenal, lability increases
as tha size of the microphase decreases. As the solubllity of the drug decreases. it is
preferable for the charasteristi&: size of the milcranhaszs o be smoaller, Thus, whe the
salubility of the drug is exdremely low, such as abowt 1 W/l of less, prefamed
compositions generally fonm microphiases less tnan abou t pm in cheraclensiic dameter
when Cosed {0 the in vivo ose stvironment.

The drug sholld Also have a relatively high partition coefficient in the
lipophiic microphase-forming material. By partition coefficient is meant the ratio of the
concentration of drug present in the lipephilic microphases to the freg drug concentration

as follpws:

%%
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_ {Drug ] fipopfule M

7 [brug] free

where K; is the partition coefficlent, [Cruglisan. is the concentration of the drug in the
lipophilic microphases, and [Drug)s.: is the free drug concentration.

In a given volume of the aqueous use environment, the total amgunt of
drug in the lipophilic microphases Is also dependent on the amount of lipephilic
microphase present. Thus the concentration of drug in the lpophilic microphase per unit
volurme of the agueous use environment, [Drig]aquess lipsghier 1 given by:

{Drugl = X e ¢ K p o[ Drugl

cepows fipophily

where Xjiggphis 5 1he velume fraction of the lipephilic microphase in the use enviranment.
in situations where the drug is only present as free drug and drug within
the fipophilic microphase, the total dissolved drug concentration [Druglugmseus o 18 given

by

["D]aqm.s St = [_D’J"I-."g] free +[-Drug]mgmm,bmm U”

[Dj.ug}.fqumu,&:m! = iﬂmg}ﬂpe . [1 * Xﬁ:m,:rﬁjﬁr o Kp]

In order for the presence of the lipophile to have a large impact on the
binavailabifity of a composition, there gensrally must be a signiftcartt fraction of the total
drug dosed that is within the lipophilic microphase. By significant fraction it is generally
meant that at least about 0.1% and preferably at lzast about 1% of the total drug dosed
Is present in the use environment within the lipophilic microphase-farming material,
According to the above equations, the fraction of the total drug present within the
lipophilic microphases generally increases with: (1] increasing K, (2} increasing Xy
{3} increasing [Drughe.

Sincg thars gra practical imits to the size of oral dasage forms that may
be adroinistered, it I8 genesally Undesirable to have targe values of Xy For sxample,
wher the composttions of the present invention are forrmed into an orel iablet or capsule
for adrnimslration, the mass of the labiet of capsuie is generaliy tess han about 1000 mg
and preferaply less than about 700 mg. Since a significant portion of the dosags form
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must also comprise the active drug and other excipients, the maximum amount of
fipophilic microphase-forming material in a single oral desage form is about 50¢ mg.
When dosed oraily ta the Gi fragt of a burman, the agueous volwme info which the
pophilic microphase-forming raterisl composition disperses is generally about 50 mi up
ta about 500 ml, depending on the fed state of the subject. Thus, the maximum pracical
value for Xgonie is about 0.001 o 0.01. Thus, for example, when the dose of the drug is
100 m1g, it is desirabie to have af least 0.1 wi (0.1 g} and preferably at least 1 wi% (1
) of the drug be prasent in the lipopbilic migrophase-forming matenat. This generaliy
imeans that ihe concertration of drug in the lipophific microphase-forming materiat (in
W% whenh the compesition is dosed orally to a human is af least about 0.1 mg/b00 mg
or 0.02 wi% and preferably at least about 0.2 wi% {1 mg/500 mg).

The minlmum K; may be determined by determining the £, hecessary io
achisve the desired concentration of drog in the fipophiic microphase forming material.
Since {ne concentration af drug in the kpophilic microphase-forming material at
equilibriarm is given by:

{Drughopnte = [OrUG e « Ko

then the miinimurm K, may be determined by setfing the free drug concentiation,
[Drig)pes, t0 the maximum agileous solubility of the drug, Sye. The minimum K, should
gerterally be at least about 0.02 wi%/ S, preferably greater than about 0.2 wit¥%/S g,
mare prafarahly greater than ahout 0.5 wi™%/S, 5, even moms prelerably greater than
about 4 wit%hiS,y, and most preferably greater than about 2 wite/S,5. (The maximum
aquesus solublity, Sua , 18 the maximum sofubility of the thermodynamically most stable
erystalline form of the drug, or the undispersed amorphous fornt If the crystalline form is
unknown, over the physiologically gH range of 1-8.} Thus, when the maxitum agueous
solubility of the drug is aboul 100 wgim! o about 0.01 wit, then K, showd be greatsr
fivar about 2 (0.02 wi%/0.01 With), preferabily greater than about 20 (0.2 wibhi0.01 wi%),
mare preferably greater than about 50 (0.5 wi%/0.01 wi%), even more preferably greater
than 100 {1 wi%/0.01 wt%), and most preferably greater than 200 (2 wi%/0.01 wi%]
Thus, the minimum and preferred minimum values for K, far vacdous diug solubilities are
ghven a8 follows,

! - More | Even More Mast
Bital l Preferred Freferred Preferred Prefemai
fmtwioy] | Minimum 1 Minimum Minimtum _;  Minimum | Minimun
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10 [0.001] 20 200 500 1,000 2,000
1.0 [1x10% 200 2,000 5,000 10,000 20,000
0.1 (1x107] 2,000 20,000 50,000 0,000 | 200,000
0.0t [1xio® | 20000 | 200000 | 500000 | 1,000,000 | 2,000,000

The partition coefficient ¢, for a drug in & particular ipophillc microptase-
forming material may be determined by any method or series of experiments it which the
congentration of drug present as free drug and drug present in fipophilic microphases
can be defermined. Ohe exemplary method is as follows. Crystalline drug {or
amorphous drug if the crystalling form of the drug is not known) Is added fo an
appropriate buffer solution such as PBS {described below) at an amount such that if il
of the drug dissolved the concentration would be greater than the equilibrium solubility of
the drug, The concentration of free diug in the solution is then determined by any
technique that can quantitatively measure the amaunt of dissoived drug in salution, such
ag high-perfarmance liquid chromatography (HPLC) or nuclear magnefic resonance
(MMR} spectroscapy. Typically, this is accomplished by callecting a sample of the
solution containing the drug and efther filtering or centrifuging the sample to remaove
undisgolved drug species, and then analyzing the concentration of the remaining
dissolved drug. This technique provides the value of [Druglses In Equation i, Next,
crystalling drug Is added to an appropiiate buffer solution to which various amounts of
the lipophilic microphase-forming material hagd begn added, such as 1 vel%, 2 vol% and
3 vol%, again at an amount such that if all of the drug dissclved the concentration of drug
either present as free drug or in the lipophilic microphase would bg greater than the
equitthrium solubility of the drug with the lipophilic microphase-forming material present,
The total concentration of total dissolved drug, that is the sum of drug present as free
drug plus ¢rug present in lipaphiiic microphases, {as given it Equation If)--is determined
using the same techniques described above. The total dissolved drug concentration
(DU smiscon.io 15 then plotted versus the vol; lipophilic microphase-forming material in
the solution. The slope of the line for this graph is equal to the product of the free drug
concentration {which is nommally assumed ko be equal to the solubility of the drug in the
absence of the lipaphilic microphase-forming matedal, O Sxe) 8Nd K. Thus,

K, = slope/S,.. When the agueous solubility of the lipophilic microphase-forming
meterial or the "critical micglle concentration” (CMG) of the ipophitic microphase-forming
materizal is vary small refative to the amount of lipaphilic microphase-forming materia
used in the above experiment, the y-intercept of the ling through the data points is
appraximately equal to the crystalline drug solubilify, Saa Y¥hen the amount of lipophilic
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micrephase-forming materal used is only sfightly larger than the CMC or the llpophiliic
microphase-forming materal aguecus sofubiiity, then the values of X, should be
corrected by subtracting the CME or soluhility from the total volume fraction of Jipophilic
migrophase-forming material added to the solution.

In a preferred embodiment of this invention, the lipophilic microphase-
forming material is part of the solid amorphous dispersion of drug and polymer, In stich
tases, itis preferred that the dispersion comprise no greater than 50 wi% lipophilic
micropnasedonming material, preferatyly no greater than 40 wi%h, more preferably no
gieater than 30 wi%. Wien the ipophiic microphase-forming matertal is Included in the
dispersion, the glass-ransifion emperature {T,) of the dispersion may e reduced i the
melting paint of the fpophile microphase-forming hatedal is low, polertially feading o
raduced stability of the dhug in the dispersion. However, in many tases the addition of
the fipophilic migrophase-forming material also increases the soluhility of the drug o the
polymer pius lipophilic microphase-formeing mateds! matrbe Az a resulf s addition may
improve the stability of the disparsion regardless of its effect an T, Incazes whera ilis
necessary [ keep the T, of the dispersion high and the lipophilic microphase-lorming
material is part of the dispersion, it is generally preferable for the material, if crystalline,
to have & relatively high melting point and i amorphous ko have a relafively high T,
Thus, the malt temperature or T, of tha lipophific microphase-forming material should be
sufficisntly high such that tha T, of the dispersion is at least 50°C when {ested under
ambiant humidity conditions (e.g., 50% relative humidity). More preferably, the T, of the
dispersion is at least 70°C at 50% relative humidity, and most preferably at least 100°C
at 50% relative humidity. Other factors, such as the T, of the drug, the Ty of the
mncentraﬁnn-enhanbjng polymer, the drug:polymer ratic, and the amaunt of lipophilic
microphase-tormiing matenal included in the disperslon may affect the T, of the
dispersion, and these Tactors showld be considered when selecting # lipophilic
miciophase-forming rmaterial 1o use in a compesifion.

Another preferred embediment of the present invertion is a soiid oral
dogage form camprising e novel compositions, The solid dosage fomn may take the
form of ane ar mare tablets or capsules o & mulliphicity of perticles or granules, When
the solid dosage form is one or more tahlats or capsules, the dosage fonm may ha taken
orally by swallowing whole, chewed apd then swallowed, of the dosage form may
disirtegrate ana optionaily dissolve in the meouth and then be swallowed. When the solid
dosage form is a muttiplicity of small particles or granules the powder ar granules may be
ingested by any known method, including first dispersing in an aqueous vehicls and then
swalfowing, or mixing with foad and then ingesting along with the food.



15

20

25

an

35

WO D3GR i1 PUTABDIN03IS

In arder far the compositions of the present invention to be efficiently
formed into solid dosage forms it is generally desirable for the lipophilic microphase-
forming materizls fo have refatively high melting points and relatively high T, values.
However, even [irophilic microphase-forming materials that are bguid at room
tempsrature may be formed into solid dosage forms as long as the amount incorporated
into the dosage form is not too high.

When the ipophi¥ie Microphase-forming materiaiis either a iquid at room
tarmperature or hecomes liquid at a termperature of abiout 50°C or less, a preferred
ernbodiment is to disperss the fipophiic microphase-faiming metenat in 2 solid excipient.
The lipophilic microphase-forming mstenal may be adsorbed 1o the surface of = solid
miatacial such a3 misrocnysialling calulose; silica; dibasic celchom phosphate; calcium
silicate (Zeador™Y;, clays, such ag kaolin (hydrated aluminum sificate), bentonite
{hydrated alminum siicate), hectarte and Vaequond, Na-, Al-, and Fe-mantmorilionite;
silicon dioxide (Cab-0-SU@ ar Aerosit®); magnesium trisiicate;, aluminum hydroxide;

 mEgresium hydroxide, magnesium axide of take,  Highly porous materials such a5

calcium silicate are prefarred. This embodiment has the advantage of separating the
lipophille microphase-forming material from the selid amorphous dispersion, thus
minifmizing the effect of the lipophilic microphase-farming material on the glass ransition
ternperature of the dispersion. As described in more detail betow, it is desired that the
dispersion have a high glass fransition ternperature In order to provids good physical
stability,

Altermatively, it may be dispersed in a waler soluble or water dispersible
polymer, a5 either a separate phase, or homogensously thraughout the polymer. In one
preferred embodiment, the lipophllic microphase-forming material is dispersed in a
concentrafion-enhancing poymer, Such [fpophilic micrgphase-forming material
dispersions serve 1o (1) render the ¥pophiiic micropnase-forming material soit 1o skt in
incoporation into solid dosage forms, {2} it in dispersing of the Ypophiiic microphase-
fomning miatoial as a Microphase, and {3 piovide additionel concentratich-enhancing
poiymer for generating and sustaining high concentrations of dissofved drug, In an often
nartieularly orafarced embadirment, the lipophdie mictophase-fomming matarial s
dispersed, along with the drug, Ih one or more congentration enhancing polymears o form
a single dispersion comprising the drug, the ene or mors concertration-enhancitg
polymers, and the lipophilic microphase-forming materal. Such lipophilic microphase-
forming material dispersions are often prefarred even when the lipophilic microphase-

forming matenial is a 8olid below about 50°C.
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The lipophilic microphase-forming material may be either hydrophakic,
amphiphiliz, or 2 mixture of a hydrophobic and an armphiphitis material. By "amphiphitic™
material |s meant a material that has both hydrophobic and hydrephllic portions. Since
Fydrophohic rmaterials aione tend not to form small inierpRieases in an squeous uie
environment, amphiphilic and mixtures of amphlphilic and hydrephoblic materlals are
preferred. However, it is known that some such hydraphobic materials will form
microphases due to the influsnce of (1) ciher excipients such as the concentration-
ehhancing palymer, (2) the drugitself, or {3) naturally octliring combonents of the G
tract. Thus, ydrophobic matenats slone form a part of the invention as long as they
form suitahly srmall microphases whan the: compasitions of dosage farms ars
administerad to a use environment, The use of a mixture of hydrophobic and amphiphlliz
material may be prefarmed becausa the hydrophobic materlal oftan providas a higher
partition coefficient, while the amphiphillc matenal may limit or reduce the size of the
tipophitic microphases in the use environment. Thus, suth miktures may have higher
lability and higher partition coefficients.

Generally, the lipophilic microphase-forming matsrials have a molecular
weight of lass than about 20,000 daltens. However, most lipophilic microphase-farming
materials have molecular weights below about 2,000 daitons.  Additionally, the lipophille
reicrephase-foming materales ore water itnmiscivie 2nd form jipopkitic ricrophases. The
llpophilic microphase-forming material is therefore distinct from the coneentration-
enhancing polymer. The concentration-enhancing pofymers generally have molecular
weights of greater than about 10,000 daltons, are more sofuble or dispersible in the use
environment, and are generally less hydrophobic,

Exemples of amphiphilic rmaterasls svitable for use as the Yipophitic
microghase-forming material include: sulfonated hydrocarbons and their salts, such as
sodium 1,4-bis(2-ethylhexyl) sulfasuccinate, also known 85 docusate sodium (CROPOL)
and sodium lauryl sulfate {(SLS); poloxamers, glse referred to as polyoxyethylens-
polyoxvpropylene black copolymers (PLURCNICs, LUTROLs), polyoxyethylene alkyi
sthars (CREMOPHOR A, BRLY, poyosyethylens sorbitan fatly acid asters {polysoibates,
TWEEN); short-chain glyceryl mono-alkylates (HODAG, IMWITTCOR, MYRJ);
polygiycolized glycerides {GELUCIRES); mong- and di-alkylate esters of polyols, such as
glycerol; nonionic surfactants such as polyoxygthylene 20 sorbitan monnoleate,
fpolysorbate 80, sold under the tragemark TWEEN 80, available commarsialiy from 1C1);
polyoxyethylene 20 sorbitan monolaurate (Polyserbate 20, TWEEN 20y, polyethylene (40
ar 60} hydrogenated castor oil {available under the trademarks CREMOPHOR® RH40
and RHB0 from BASF); polvoxyethylene (35) castor ofl (CREMOPHOR® EL);
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poweinyiene (B0) mydrogenaied casior of) (Nikko! HCO-80Y, alpha locophery
polyethylens glyool 1000 suceinate (Vitamin E TPGS), glycerd PEG B caprylate/caprate
{available commercially under the registerad trademark LABRASOL® from Gattefosse);
PEG 32 glyceryl laurate (sold commerclally under the registered trademark GELUCIRE
44/14 by Gaftefosse), polyoxyelhylene fatly acid esters {gvailable commercially under
the registered Tadernath WYRL from 1C1Y, polyouyethvlens faky acid ethers (gyailable
comimergially under the registered trademark BRI from ICI). Alkylate esters of polyols
may beé considerad amphiphilic or hydrophabic depending on the number of alkylates per
meleclle and the number of carbans in the alkylate. When the polyo! is glycerol, mong-
and dralkylaies are ofien considered amphiphiic while tialiates of giycerot are
ganarally considered hydrophabic, However, some scientlsts clagsify avat medium
ghain mano- and diglycerides as hydrophobic, See for sxample Patel et al US Patent
M. 5,294,102 (B1), which is incorporated herein in its entirety by reference. Rsgardless
of the classification, compositions comprising mono- and di-glycerides are preferred
cormpositions of this invertion. Oiher suitable grnphiphiiic imeterials ray be found in
Patel, Patent No. 6,284,192 and are listed as "hydrophohic non-ionig surfactants and
hydroghilis tenic surfactants.”

It should be noted that some amphiphilic materials may not be water
immisciole by themsetves, bul inslead are at least somewnal waler saluble, Such
amphighiliz materials may nevertheloss he used in mixtures o form the lipophilic
microphase, particutarty when used as mixtures with hydrophobic materials,

Examples of hydrophobic materials suitable for uss as the lipophilic
microphase-fomming materlal incude: medium.chain glycaryl mong-, di-, and tri-alkylates
(CAPRIL MCH, MIGLYOL 810, MYYERQL 18-32, ARLACEL 188 frachionated cocnmd
oil, light vegetahle cils); sorbitan esters (ARLACEL 20, ARLACEL 40%; long-chaln fatty
aleohols {stearyl aicohol, cety alcohol, cetosteand aicohol); long-chain fatty-acids
{stearic acid}; and phospholipids {egg lecithin, soybean lecithin, vegetable lecithin,
sodiurn taurecholic acid, and 1 2-diacyl-sn-glycero-3-phosphocholine, suchas -
palmitoy|-2-olgyl-sn-glycerp-3-phasphocoiine, {1, 2-dipalmitoyl-sn-glycers-3-
phosphacholine, 1,2-distearoyi-sh-glycaro-3-phosphocholing, 1-plamitoyl-2-stearayl-sn-
glyeero-3-phosphocholing, and other natural ar synthetic phosphatidy! cholnes)k, meno
and digiycarides of capric and capryiic acid under the Tollowing registered frademarks:
Capmul® (ACH, 3ACH B, and 1ACM 10, svallable commarcially fsom Abitee, and
Imwitor® 088, 742 or 308, availahle cormmercially from Condea Vista, polyoxyethylene 6
apricot kerne! off, availabis under the registered trademark Labrafil@ M 1944 CS from
{3attefossa; polyoxyethylene corn cii, avajlabie commercially as Labrafil®@ M 2125

P o
f:53
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propylene glyeol monolaurate, available commercially 88 Lauroglyeol from Gattefease;
nropylens glyool dicanrvlatel/capmte available commercially as Captex® 200 from Ahitec
or Miglyol® 840 from Condea Vista, polyglycery! oleate available commercially as Plurol
oleiglie from Gatiefosse, sorbitan esters of fatty acids (e.g., Span® 20, Crill® 1, Cril@ 4,
avallable commercially from iCl and Cradal, and glveeryl moncaleats (Idaising, Pecaol);
medium chain trighycerides (MCT, C6-C12) and long chain triglyceridas (LCT, G14-C20)
and mixtures of mong-, di-, and iriglycerides, or lipophilic derivatives of fatly acids such
as esters with atkyl aleohols; fractionated coconut qils, such as Miglyol® 812 whichis &
56% capryllc (GB} and 36% capric (C10) triglyceride, Miglvol® 810 (68% C8 and 28%
C10}, Neches® M5, Captex® 300, Captex® 355, and Crodamol® GTCG; (Miglyals are
supp led by Candea Vista Inc. (Hu'ls}t Neobee® by Stepan Europe, Voreppe, Frarnce,
Captex by Abitec Corp., and Crodamal by Croda Corp); vegetable oils such as soybean,
saffiower, comn, olive, goftonsesd, arachis, sunflowersesd, palm, or rapaseed; fatly acid
esters of alkyl aleohols such as ethyl clzate and glycery! monooleate, Other hydrophobic
materials suitable for use as the lipophilic microphase-forming material include those
fisted In Patel, U3, Patent No. §,294,192 as "nydrophobic surfacianis.” Exemplary
classes of hydrophotic materials (nclude: fatty slcohols: polyoxyethylene alkylethers;

"' fatty acids; glyceral fatty acid mongesters; glysernl fatly acid diesters; acetylated glycarol

faity acld manaestars, acelvlated glycerol fatty acid dlesters, lower alechol fatty acid
esters, polyethylene glycol fatty acid esters; pojyethylene gilycol glycero) fatly acid esters;
polypropytene glycel fatty acid esters; polyoxyethylene glycerides; |actic acid derivatives
of monoglycerides; lactic acid derivatives of diglycerides; propylene glycol diglyceridas;
sovhitan fatty acid esters; polyoxyethylens sorbitan faily acid esters; polyoxyethylene-
palytrypropyiene Dogk copohymers, transesterfied veteiatie oils; stercy, sterol
derivatives, sugar esters; sugar sthers; sucroglycerides; polyoxyethylene vegstabie ils; .
polyoxyethyleng hydrogenated vegstable oils; reaction products of polyols and at least
one marmbiar of the group consisting of falfy adds, alycarides, vagetable qils,
hydrogenated vegetable cils, and sterols; and mixtures thereof. Mixtures of relatively
hydrophilic materials, such as thosse termed hereln as "amphiphilic® or in Patel as
"hydrophific surfactants” and the above hydrophobic materials are particularly suitable,
Specificalty, the mixtures of hydrophobic surfactants and hydrophilic surfactants
disdlosed Wy Fatel are suitable and for many composiions, preferred. However, uniike
Patel, mixtures that include {riglycsrides as a hydrophobic component are aiso suliable.
In ong ermbadimert, the lipephilic microphase-forming material is s€lected
from the group consisting of polyglyvealized glycerldas (GELUCIRESY, nolyathylens {40 or

60) hydrogenated casfor oil {available under the trademarks CREMOPHOR® RH40 and
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RHE0 from BASFY: polyoxyethylene (35) castor oll (CREMOFPHOR® EL); palyethylene
{60} hydrogenated castor oil {Nikkal HCO-80); alpha totopheryl polyethylene glycol 1000
succinate (Vitamin E TPGS); glyceryl PEG B capryiate/caprate (available commerdially
under the registered trademark LABRASOL® from Gattefosse); PEG 32 glyceryl laurate
{sold commercially under the registered trademark GELUCIRE 44/14 by Gattefosse),
polyoxyethylens fatty acid esters (avaftable commercially under the registered trademark
MYR. from IC)}; polyoxyethyiene fatfy acid ethers {available commercially under the
registered rademark BRI from \CYY, poyoxystiylere-polyoxypropyliens pioth
copolyrmers (PLURCNICs, LUTROLS); polyoxyethylene alkyl ethers {CREMOPHOR A,
BRIJ); leng-chain fatty alcohols (staaryl aleohol, cetyl alcohal, cetostearyl alcohol), long-
chain tatty-acids (stearic acid;, polyoxyethylene B apricot kerne! oil, available under the
registered trademark Labrafil® M 1944 CS from Gattefosse; polyoxyethytene corn ail,
available commercially as Labrafil® M 2125; propylene glycol monolaurate, available
commerdially as Laurogiyeol from Gattefosse; polyglyceryl oleate available commercially
as Plurel olsique from Gattefosse; triglycerides, Including medium chain triglycerides
(MCT, £4-Ci2) and long chain triglycerides (LCT, Cia-Ca); fractionated coconut oils, such
as Miglyol® B12 which is a 56% caprylic {Ca) and 26% capric {Cyo) trigiyceride, Miglyal®
B10 (68% s and 28% Cia), Neohee® M5, Captex® 300, Captex® 355, and Grodamok®-
GTCC: (Wiglyols are supplied by Condea Vista Inc. [Huls), Neobse® by Stepan Eurape,
Vorsppe, France, Captex by Abitec Corp., and Crodamol by Croda Corp); vegetable oils
such as sovbean, safflower, com, olive, cottonseed, arachis, sunflowerseed, palm, or
rapeseed; polyoxyethylene alkylathers; fatty acids; iower aleohol fatty acid esters;
polyethylens glyen) fatty acid esters; polyethylene glycol glycerol fatly acid esters,
polypropylene glyeol fatty ackd esters; polyoxyethylene ghyceridas, lactic acid derivatives
of monoglycerides; lactic acid derivatives of diglycerides; propyiene glycol diglycerides,;
transesterified vegetable oils; sterols; sterol derivatives, sugar esiers; sugar athers;
sucroglycerides; polyoxysthylene vegetable oils; polyoxyethylehe hydrogenated
vegetable oils; reaction produsts of polyols and at least one merber of the group’
consisting of fatty acids, glycerides, vegetable oils, hydrogenated vegefable oils, and
sterols; and mixtures thereof.

Especially preferred fipophilic microphase-forming materials include
mixtures of polyethoxylated castar oils and medium-chain glyceryl mono-, di-, and/for tri-
alkylates, (such as mixtures of CREMOPHOR RH40 and cAPMUL MCI), mixtures of
polyeysthylens sorbiten fatly acid esiers and medium-chain ghyeeny! mono-, &, andior
tri-alikytates, (such as mixtures of TWEEN 80 and CAPMUL MCM), mixtures of
polyethoxviatad castor olls and medium-chain glyceryl rmono-, di-, andfar tri- alkylates,
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{such as mixtures of CREMOPHOR RH40 and ARLACEL 20}, mixtures of sodium
taurocholic acid and paimHpyk-2-okeyksn-glycero-3-p hosphochaling and other nadural or
synthetic phosphatidylcholines, and mixtures of polyglysolized glycarides and medium-
chain glyearyl mong-, di-, andfor tri-alkylates, (such as mixtures of Gelucire 4414 and
CAPMUL MCM).

The lipophilic microphase-forming materiat is present in a sufficient
arnount so that the combination of the solld amorphous dispersion and épophilic
microphase-forming material pravides concentration snhancement, as described more
fully below. in general, the lipophilic microphase-forming material is either present in the
composition or co-administered with the solid amerphous dispersion such that the weight
ratlo of the lipophilic microphase-forming material to drug {hereinafter referred to as the
lipophile:drug ratio) ranges from 0.1 to 100 {wiiwl), and mors typically from 0.2 1o 30.

The optrmum amount U‘f e fipophiic microphasedorming materish
depends an the mass of the dose of the drug, the partition coefficient, and the solubility
of the drug. The optimum mass of the lipophilic microphase-forming material increases
as the mass of the dose increases. The oplimum mass of the lipophilic microphase-
forming material decreases as the padition coefficient increases and as the solubility

R TEA TR NP )

Mevertheless, in general, the amount of lipophilic micraphass forming
matarial pressnt in the compasition should not be so high that the concentration of free
drug obtained In the use environment is much [ower than that obtained when less
lipophilic microphase-forming material is combined with the solid amorphous dispersion
and is infroduced to the use snvironment. Generally, when the amount of lipaphilic
microphase-forming material that is added to the compaosition is greater than the amount
such that all of the drug introducad to the use envirehment is either present as free diug
or is in the lipophilic microphases, then the performance, in tems of improving drug
absorption, will be reduced relative to lower levels of the lipophilic microphase-forming
material. Thus, it is preferred for compositions to contain less than this "maximum
prefemad level " Nonathalzss, levals of lipophilic microphase-forming material somawhat
above this level may still improve drug absorption relative to the dispersion alone. This
maximum preferred level will depand on the free drug concentration (D, typicaly
given in mgimil}, the density of the lipephilic microphase-farming material {pipoprie,
typically given in mghmy, and the partiion coeficient K. The megimum preferrsd
[paphile:drug ratio Is given by the following equation:

Maximum lipophile:drug ratio = pigophiie!{(Kpe{Drug]ise)
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It should be noted that for some values of K, and [Drug)kee, the maximum preferred
lipophile:drug ratio will be quite largs. For example, whan pypaome = 1000 mg/ml, K=
100, and [Drug)es = 0.001 mofmL, the maximum preferred lpophite:drug ratio is
caleulated to be 10,000, If the drug dose is, for example 100 mg, this results in a
maximum preferred lipophile dose of 1000 g. Such hlgh doses of lipophile are
impractical, Thus when the value of K, andfor [Druglie. are low, the maximum preferad
lipophilezdrug ratio may be limited by praclical considerations such &8 the maximum
dose well tolerated by the subject or the maximum practical size of the dosage form.

FPREPARATION OF COMPOSITIOMNS
Compositlons of the present invention may be prepared according to any
techinique that results in a mixture comprising (1) a solid amorpheous dispersion
compriaing a lon-solubility deug and & concentration-enhancing polymer and (2] 2
lipophilic microphase-forming materal. In ane method, a salid amarphous dispersion of
the drug, polymer and Hpophilic microphase-forming material is formed sa that the
lipophilic micrephase-forming material is included in the dispersion itself. Alternatively, a

sofit amomphous dspersion of drug and pobner may be tarmad and then mixed with the.

lipophilic microphasa-forming material so that ihe lipophilic microphase-forming material
is mixed with but not included within the dispersion. As yet another alternative, the solid
amorphous dispersion of the drug and polymer may be prepared and then co-
administered with a pophilic microphase-fomming material to a use enviranment, so that
the dispersion and lipophilic microphase-forming matenial are both present in the use
enyironment, |

Dispersions of a low-solubility drug and polymer may be made according
te any known process which results in at '|ea$i a™majoT portion’” {mesning at least 80
wi% ] of the drug being in the amarphous state, Whils the drug in its pure stale may be
crystalling or amorphaus, at least a major portion of the drug in the dispersion is
amorphous. By "amorphous” is meant simply that the drug is in a non-crystalline state.
As used herein, the term “a major portion” of the drug means that atleast 60 with of the
drug in the dispersion is in the amarphous form, It has also been found that the aqueous
conceniration of the drug in & use environment tends to imprave as the fraction of drug
pregent in the amorphous state in ihe dispersion increases. Accordingly the drug in the
dispersion may be substantially amorphous, and preferably may bé almost completely
amorphous, As used herein, "substantially amorphous” means that at least 75 wido of
the drug is amorphous and "almost complately amarphous™ means that at least 80 wi¥

of the drug is amorphous. The amount of drug in the dispersian whith is amarphous or
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crystalline may be measured by powder X-ray diffraction, Scanning Electran Microscone
(SEM) analysis, differential scanning calorimetry (DSC), of any other standard
guantitalive measurement.

The amorphous drug can exist as a pure phase, as a solid solution of drug
hamogenaolsly distributed throughaut the polymer or any combination of these states or
those states that lie intermediate between them. The dispersion is preferably
"substantially homogeneous® sa that the amorphous drug is dispersed as |
homogeneously as possible throughout the polymer. Dispersions of the present
invention that are substantially homegensous generally have improved concentration-
enhancing properties and, in tum improved bioavailatility, relative to nonhomogenaous
dispersions. As used herein, “substantially homogeneous" means that the drug presant
in refatively pure amorphous domains within the solid dispersion is relatively small, on
the order of less than 20%, and preferably less than 10% of the fotal amsunt of drug,

While tha dispersion may have soma drug-rich domains, it is prefermed
that the dispersion itself have a single glass transition temparature (T,) which
demonstrates that the dispersion s substantially homogenesous, This contrasts with a
simple physical mixture of pure amorphous drug particles and pure amorphous polymer
particles which gensrally displays two distinct Tgs, one that of the drug and one that of
ine polymer T, a5 used nerain is the c\'mara&erisﬁc iernperskure whate & Grassy
material, upon gradual heating, undergoes a relatively rapid (e.g., 10 to 100 seconds})
physical change from a glass state 1o a rubber state, Dispersions with mare than one Ty,
indicating at least partial amprphous phase separation, may also function well,
particularly when neither amorphous phase is cormprised only of amorphous drug. but
rather alen containg a significant amount of concentration-a2nhancing palymer.

When the fpophilic micraphase-forming material is included In the
dispersion, it may exist as a pure lipophilic phase, as a solid solution of the lipophilic
micraphase-forming materal homogeneously distributed throughout the dispersion, or
any combination of these states or thase states that ie mtermediate between them,
Generally, it is preferrad that the lipophilic micrephase-forming materlal be well
distrhuted throughout the dispersion, either as small, preferably less than 1 pm in
diameter, relatively pure demains of lipophilic microphase-forming material. or more
preferably, dispersed such that it is at least partially dissolved in the drug and polymer
solid amarphous dispersion,

The solid amorphous dispersions of the drug and polymer may ba made
according to any conventional process for forming dispersions. When the lipophilic
microphase-forming material is included in the dispersion, such dispersions may also be
made according ko any conventional pracess for forming dispersions. 3leh processes

24



io

15

20

25

3]

335

9

WO (3063533 19 PCTABOZAD3IS

include mechanical, thermal and solvent processes. Exemplary machanical processss
include milling and extrusion; melt processes include high tempearature fusion, solyvent
medified fusion and melt-congeal processes; and solvent processes include non-solvent
precipitation, spray coating and spray-drying. See, for example, U.S. Patent No.
5,458,923 and U.5. Patent No. 5,939 008 which describe formation of dlspersions via
gxtrusion processes: U.S. Patent No. 5,340,581 and U5, Patent No. 4,673,564 which
describe forming dispersions by milling processes; and U5, Patent Mp. 5,707 646 and
U.S. Patent No. 4,894,235 which describe the formation of disparsions via meltfcongeal
neacesses, the disclosures of which are incorporated by reference.

In ohe embpdiment, the solid amorphous disperslon of drug and
concentration-gnhancing polymer may be formed via a melk-congeal or melt-exdrusion
process. Sugh pictesses ave pariicularly suitable when the drug has a relativaly law
melting point, typically less than about 200°C and preferably less than about 150°C. In
such processes, a molten mixture comprising the drug and concentration-enhancing
polymer, and optionahy, lipophilic microphase-forming material, 15 rapidly cooled such that
the molten mixiure sclidifies to form a solid amorphous dispersion. By "malten mixture” |s
meant that the mixture cormprising the drug and concentraion-enhancing polymer is about
10¢C or more above the meling paint of the lowest melting point companent in the .-
composition. The drig may exist in the molten mixture as a pure phase, as a solution of
drug homogengousty distributed throughout the molten mixturs, or any combination of
these states or those states that e jintermediate between them.  The motten mixture is
preferably substantially homogeneous so that the drug is dispersed ag homegeneously as
paesible throughout the molten mixture. As mantioned abovs, it is also desirable that the
lipophilic micraphase-forming matgrial be dispersed as hamogeneously as possible
throughout the molten mixiure. YWhen the temperature of the melten mixturs is below the
meing point of both the drug and the soncentration-enhancing palymer, the malten
excipients, concentration-enhancing polymer, and drug are preferably sufficiently soluble
in each other that a substanfial portion of the drug disperses in the congentration-
enbancing pelymer or excipients, 1tis often preferred that the mikture be heated above
the lower of the melting point of tha concentration-enhancing polymer, the drug, and the
lipophilic microphase-forming material, if present.

Generaily, the processing temperature may vary from 50°C up to about
20geC or higher, depending on the melting paint of the drug and polymer, which is &
function of the polymer grade sejeclsd, and the lipophille microphase-forming materlal, if
present, However, the processing tamperaturs should not be so high that an
unacceptably figh level of degradation of the drug or polymer accurs. In somea cases,
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the molten mixture should be formed under an inert atmosphere 1o prevent degradation
of the drug and/or polymer at the processing temperature. When reiatively high
temperatures are used. it is often praferable to minimize the time that the mixturs is at
the elevated temperature to minimize degradation.

The molten mixture may also comprize an excipiant that will reduce the
metting temparatire of the sarrpasitlon (either tha drug andfor the polymer, sllowing
processing at bwer femperafure. When such excipients have low volatility 2nd
slbstantially remain in the mixture upon sofidification, they generally can comprise up to
30 4%, of the molten midure. For axample, & plasticizer may be added to the
composition 1o reduce the melting temperature of the polymer. Examples of plasticizers
includae water, tigthylciirate, triacetin, and dibutyf sebacate. Volatile agents that dissolve
o swell e polymier, such as acetone, water, methand), and ethyl acatate, may also be
added In low guantities 1o reduce the melting point of the compoesition. When such
volatile excipients are added, &t least a portion, up to essantially all of such exciplents,
May svapoiad® in the pitcess of or following conversion of the mbien mibture o a solid
mixture. In such cases, the processing may be considered to be a eomhination of
saolvent processing and melt-congsaling or melt-extrusion, Remaval of such wolatile
extipients from the moiten mixlure tan be sscomplished by breaking up o stomizing the
maoiten mixture into stnall droplets and contacting the droplets with a fluid such that the
droplets both cool and lose all or part of the volatile excipient. Exampies of other
exciplents that can be added to the composition 1o retuce the protessing Temperaiure
include kow molecular weight polymers or oligomers, such as polyethylens glyeol,
palyvinylpyrrolidons, and polexamers; fats and oils, including mone-, di-, and
triglygerides; natural and synthelic waxes, such as carnauba wax, beeswax,
microerystalline wax, castor wax, and paraffin wax; long-chain alcchols, such as celyl
alcohol and steary! aloohol; and ong-chain fatty acids, Such as stearic acid. When the
lipephilic microphase-forming material is added to the molten mixturs, the fipophilic
micrephass-forming material may act 1o reduce the melting tempéarature of the
composition. As mentioned above, when the excipient added is volatile, it may be
removed from the mixture while sti|l molten or following solidification to form the solid
amorphoys dispersion.

Virtually any process may be used ta form the moften mixture. Ons
method involves melting the concentration-enhancing polymer in a vessel and then
ariding the drug, and optionally, the lipophllic microphase-forming materlal, to the molten
polymer. Another method involves melting the drug, and optionally, the lipophilic
microphase-forming material, in a vessel and then adding the concsntration-gnhancing
palymer. As ihe fpophilic micrephase-forming malerial may ofler te a liquig at foorm
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temperature of may have a low melting point relative to the polymet, it Is often prefered |

to use this 1ast method. 1n yet anather method, a solid blend of the drug, concentration-
enhancing polymer, and optionally, the ipophiie microphase-forming wateria), may be
added to a vessel and the blend heated to form the molten mixkire. When the lipophiic
microphase-foreing matarial is included in the dispersion, it may be mxed with the drug
and polymer before or after forming the molten mixiure. Altematively, the lipophilic
mihrnphase-fnnﬂing material may first be melted, if it is not already lguid, and the drug
and polymer added to the malten pophilic microphase-forming materiail to form the
malten mixiure.

Onee the molten mixture is formed, it may be mixed 10 ensure the drug is
homogeneousty distributed throughout the moften mixture. Such mixing may be done
using mecnanical mears, such as overhead mixers, magnetisaly driven mixers and stir
bars, planetary mixers, and homogenlzers. Optionally, when the melten mixture is
formed In a vessel, the contents of the vessel can be pumped out of the vessel and
through an in-line or static mixer and then returned to the vessel The amount of shear
used to mix the molten mixture shovid be sufficiently high to ensure uniform distribution
of the drug in the molten mixture. The molten mixture can be mixed from a few minutes
to several hours, the mixing time being dependent on the viscosity of the mixture and tha

solubiiity of the drug and any options) excipisnts in the concentratior-enhancing polymer,

An aiternative method of preparing the molien mixture is to use wo
vessels, meiting the drug and optionally, the lipophilic microphase-forming material in the
first vassel and the concentration-enhancing potymer and optionally, lipophilic
microphase-forming material in a second vessed. The two melts are then pumped
through an in-line static mixer or extruder to produce the molten mixture that is then
rapidly solidified.

Altemnalively, the moiten mixture tan be generaied using an exuder,
such as a single-screw or twin-screw extruder, both weli known in the art. [0 such
devices, a salid, ar samisalid mixdure of the composition s fed to the extruder wheraby
the combination of heat and shear forces within the extruder produce a uniformly mixed
molen mixture, which can then be rapidly solidified to form the solld amarphous
dispersion. The solid feed can be prepared using methods well known in the art for
obtaining solid mixtures with high content uniformity. Altematively, the extruder may be
equipped with two of mors feeders, allowing the drug, and oplionalty the lipephitic
micraphase-forming materiat, to be fed to the extruder through one feeder and the
palyrmes, and aptionally the lipophilic ricrophase-forming material, through the other.
Other excipients ta reduce the processing temperature as described above may be
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included in the solld feed, or in the case of quid excipients, such as water, may be
injecied inio the exiruder using rmethods well-knoam in the arl,

The extruder should he designed such that it produces a malten mixture
with the drug uniformiby distributed throughout the composition. The various Zones in the
gxtruder should be heatad to appropriate temperatures 1o cbiain the desirsd extrudale
temperature as well as the desired degree of mixing or shear, using proceduras wall
known in the art.

When the drug has a high solubility in the concentration-enhancing
polymer, and optionally the lipophilic microphase-forming material, a lower amount of
mechanical anergy will be required to form the dispersion. In such cases, when the
meiting point of the undlapersed diug iz grester than the melting point of the undispersed
eoneentration-enhancing polymer, and optionally the lipophilic microphase-forming
malerial, the processing temperature may be below the meliing termperaturs of the
undispersed drug but greater than the malting point of the polymer, and aptionally the
lipophilic microphaseforming material, since the drug will dissalve Into the molten
polymer, and if present, the lipaphilic microphase-forming material. When the melting
point of the undispersed drug is less than the meliing point of the undispersed
concenltraion-enhancing polymes, and oplionally the lipophilic microphase-fonming
malerial, the processing temperature may be above the melting point of the undispersed
drug bt helow the melting point of the undispersed concantration-anhancing polymar
since the molten drug will dissolve in the polymar, and optionally the lipophilic
microphese-formmng mredednial, or e absorbed iro e pobamer,

When the drug has a low solubijlity in the polymer and optional lipoghilic
microphase-forming material, a higher amount of mechanical energy may be requirsd 1o
form the dispersion. Here, the processing temperature Mmay need to be above the
mefting point of the drug and the polymer. As mentioned abave, altematively, a liquid or
low-melting point excipient may be addad that promotes melting or the mutual solubility
of tha concantratiot-enhancing palymer and the drug. A high amount of mechanical
energy may ba negded to mix the drug and the polymer to form a dispersion. Typically,
the lowest processing termperature and an extrudsr design that imparts the lowest
amount of mecharical energy (e.g., shear) that produces 3 safisfactary dispersion
{substantizlly amorphous and substantially homageneoUs) is chosen in order o minimize
the exposure of e drug to harsh conditicms.

Onee the molten mixture of drug, concentration-snhancing pulymer, and
optionally the lipophilic microphase-farming material is formed, the mixture should be
rapidly solidified ko form the solid amorphous dispersion. Rapid solidification is only
necessary when the drug and other materials in the malten rixdure are not miscible. By
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"rapidly solidified" is meant that the molien mixture is solidified sufficiently fast such that
substantial phase separation of the drug from the other materials does not ocour.
Typically, this means that the mixturs should be solldified in less than about 10 minuies,
preferably less than about & minutes, more preferably 1ess than about 1 minute. 1 the
milxturs is not rapidly solidified, phase separation can oceur, if the Materials are not
migpible 2t storage temperatiures, resuling in e iormation of drug-Tich phases.
Solidification often takes place primarily by cooting the molten mixture to at least about
10°C and preferably ot Jeast aboul 30°C below it relting point. AS mentioned shaove,
solidification can be additonally prometed by evaporation of all or part of ore or moare
volatila exciplents or ealvents. Ta fraraote rapid cooling and evaporation of volatile
excipients, the molten mixdure is often formed into a high surface area shape such as a
rod or fiber or dropkets. For example, the moken mixture can be forced through one or
more small hales b form long thin fibers or rods or may be fed o 8 device, such as an
atomizer such as a rofating disk, that breaks the molten mixture up infe droplets from

1 pymto 1 em in dismeter. The droplsts are thert contacted with a relativaly cool fluid
such as air or nitrogen to promote copiing and evaporation.

' Another method for forming solid amorphous dispersions is by "solvent

. processing,” which conslsts of dissalution of the drug and one or more concentration-

enpancing polymers, as well as, optionally, the one or more materials that make up e
lipaphilic micraphaseforming material, in a common solvent. Optionally, the lipophilic
microphase-forming material may aiso be dissolved or suspented in the solvent,
"Cammor” here means that the sclvent, which ¢an be a mixture of compounds, will
dissolve e drug and the polymer(s), Although it need ot completely dissolve the
lipophilic microphase-forming material, it is often preferred to use a solvent in which the
kpaphilic microphase-forming material is also soluble. After both the drug, the polymer,
and optionally the lipophllic microphase-forming material have beeh dissolved, the
solvert is rapidly removed by evaporation ar by mixing with & nan-solvent. Examplary
Processes are spray-drying, spray-coating (pan-coating, fluidized bed coafing, ete.), and
precipitation by rapid mixing of the palymer and drug solution with CO.,, water, or some
other non-solvent.

The solvent may be removed through the process of spray-drying, The
term spray-drying is used conventionally and broadly refers to processes Involving
breaking up liguid mixiures inte small dropiets {atomization} and rapidly removing solvent
Trom the midurs in & container (Spray-drying apparatus) whese thefe is a strong driving
force for evaparation of solvent from the draplets. The strong driving force for solvent
evaporation is generally pravidsd by maintaining the partial pressure of solvent in the
spray-drying apparatus well below the vapor pressure of the solvant at the temperature
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of the drying droplets. This is accomplished by either (1) Maintaining the pressure in the
spray-drying apparatus at a partial vacuum (e.g., 0.01 to 0.50 atm); (2) mixing the liguid
droplets with a waem deying gas o {3 hath, In addition, a portion of the heat requlred
for evaporation of soivent mey be provided by heating the spray solution.

Sohvents suitable fOf spray-dryng can be any compound inwhich the drug
and polymer are mutually soluble. i the lipophific microphase-forming matertal ls part of
tné dispersion, it may be sthuble in the sohvent ar may be suspended in the scivent.
Preferably, the sclvent is volatile with a balling paint of 150°C or less. I addition, the
sobvent shoud have relatively bow toxicity and be removed from the dispersion 10 a lewsl
that is acoeptable according to The International Committee on Harmonization {ICH)
guidelines. Removal of solvent to this lavel may require a processing step such as tray-
drying subsequent to the spray-drying or spray-coating process. Preferred solvents
in¢lude alcohols such as methanal, ethanol, n-propanet, [so-propancl, and butanal;
ketones such as acetone, mathyl ethy ketone and methyl iso-buty! ketons; esters such
as ethy! acetate and propylacetate; and various other solents such as acetanitriie,
methylene chioride, taluene, and 1,1,1-trichlorcethana. Lower volatllity soivents such as
dimethyl acelamide or dimethylsulfaxide can also be used. Mixtures of solvents, such as
50% methanol and 50% acetone, ¢an also be used, as can mixiures with water as.lang
as the polymer and drug are sufficienfly solubie to make the spray-drying process
practicable.

Generally, the temperature and flow rate of the diving gas is chogen so
that tha polymer/drug-sclution droplets are dry encugh by the time they reach the wall of
the apparatus that they are essentially salid, and so that they form a fine powder and do
not stick 1 the apparatus wall. The sctual length of fime to achieva this level of dryness
depands on the size of the droplets, Droplet s|zes generally range from 1 pm to 500 um '
in diameter, With & wm 1o 400 um being more hypical, The largs suface-o-volme ratio
of the draplets and the farge driving foree for evaporation of solvent leads fo actual
drying times of a tew seconds or 'ess, and more typically less than ©.9 second.
Solidification times showd be lass than 100 seconds, preferably less than a few seconds,
and mora preferably less than 1 second. The size of droplets farmed during the spray-
drying process are typically less than about 200 pm in diameter. The resultant solid
particias thus formed are gensrally less than about 200 um in diameter.

Following solidification, the solid powder typically stays in the spray-drying
chamber for about 5 tv 60 seconds, further évaporating solvent from the solid powder,
The final solvent content of the solid dispersion as it exits the diver should be fow, since
this reduces the mobility of the drug molecules in the dispersion, therely improving its
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stabiliyy. Generally, the stivent Content of e dispersion as i raves e spray-diying
chamber should be lass than 10 wi% and prefarably less than 2 wih, in some cases, it
may pe preferatie i spray a solvent o 2 sohation of & palymer of other excipient into the
spray-drying chamber fo forrn granuies, so long as the dispersion is not adversely
sitected.

Spray-drying protesses and spray-drying equipment are described
generally in Parry's Chermical Engincers’ Handbook, Sixth Edition {R. H. Perry, D W.
Green, J. O. Malonay, eds.) McGraw-Hill Book Co. 1284, pages 20-54 1o 20-57. More
details on spray-drying processas and equipment are reviewed by Marshall "Atomlzation
and Spray-Drying," 50 Chem. Eng. Frog. Morogr, Serigs 2 (1854). Further details of the
spray drying procedure are disclosed in commenly owned Provisional LIS, Patent
Applications Serial Nos, 60/354,080 and 60/353,988, the disclosures of which are
incorparated herein by reference {Attomey Docket Nos, PC23195 and PC23203).

The amguint of polymer relative to the amount of drug presant in the solid
amaorphous dispersion depends on the drug and palymer and may vary Widely from a
drug-to-polymer weight ratio of from 0.01 to about 4 (e.g., 1 witSe drug 2 80 wi% drug in
the absence of other excipients in the dispersion). However, in most cases it is preferred
that the drug-to-polymmer ratio is greater than about 0.03 (4.8 wt% drug in the absence of
ather excipients) and less than about 2.5 (71 wit% drug in the absence of other
gxcipients). In some embodiments, the addition of the fipophilic microphase-forming
material allows for higher drug loadings. Thus, the drug:polymer ratio may be at least 1.

The dispersion is usually in the form of small partices. The partities may
be less than 560 Um in diametar, lass than 100 pm in diameater, less than 50 wm in
diameter, or less than 25 um in diameter. When the dispersion is formed by spray-
drying, the resulting dispersion js in the form of such small particles. When the
dispersion is formed by ather methods such by melt-congeal or melt-extrusion
processes, the resulting dispersion may be sieved, ground, milled, or otherwise
procesead to yleld a plurality of smal| particles,

In cases where the composiﬁun of the present invention is prepared by
mixing the previously formead solid amorphous dispersion with the lipophilic microphase-
forming material, the mixture can be prepared by any method that results in a uniform
mixture of the dispersion and the lipophilic microphase-forming material. Méxing
processes includée physical mixing as well as wet- and dry-granulation and coating
pragesses. The fesulting mixture may be a solid composition comprising the dispersion
suspended in the lipophilic microphase-forming material, a mixiure of saparate
dispargion particles and lipephilic micraphase-forming material particles interspersed
with one anothet, a series of respective fayers of dispersion and lipephilic microphase-
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forming material, or any other mixture of dispersion and lipephilic microphase-forming
meserial.

In many cases, o aid the dispersing of the lipophiiic microphass-forming
material in the use environment, it s often desirable to disperse the lipophilic
micraphase-forming material in g water soluble or water dispersable malix prior to
forrning the mixture. Altematively, the lipophiic microphase-ferming material may be
aﬁsnrﬁad i & wetes insohuble slbstrate such as dibasic calcium phosphata, calgium
carbonate, microcrystaliing cellulose, silicon dinxide calcium silicate; clays, such as
kaolin {hydrated aluminum silicate), bentonite (hydrated aluminum silicate), hecterite and
Veogun®; sllicon digxide {Cab-C-5i® or Aerosil®); magnesium trisilicate; alurminum
hydraxide; magnesium hydroxide, magnesium oxide or talc. Highly porous materials
sUch ag calcium silicate are preferred. When the lipophilic microphase-forming material
is dispersed in & water dispersable matrix, the dispersion may be formed by any of the
Processes des;::nhed previously for forming the polymer/drug dispersion including meft
processes such as extrusion, sclvent processes such as spray-drying, as well as
conventional wat and dry granulation processes. Followlng forming the adsorbate
disperslon or granule of lipophilic microphase-forming material the dispersion or granule
contairing the lipsphilic microphass-forming material ray ihen be blendsd wih the
polymer/drug dispersion.

When it is desired to adsorb {or absorb) the lipophilic microphase-forming
material onto a solid substrate, the lipophilic micraphase-forming material may be
adsorbed onto the solid substrate using any conventional methad. 10 one exemplary
Method, the substrate is initizlly dried fo remove water. The lipophilic microphase-
forming material is then combined with the substrate. The lipophilic microphase-forming
material mvay be combinad with the substrate by the use of a planetary mixer, a Z-blade
Mixer, a rotogranutator or simllar aguipment, Preferably, the amount of lipaphilic
micmphasé-fnrming material is kept sufficisntly low so that the mixture of lipophillc
micraphase-forming material and solid substrate forms a free-flowing powder. The
praportion of lipophilic microphase-forming material to solid substrate preferably is less
than about 4:1 fwtwt) lipophilic microphase-forming material o salid substrate. As the
weight ratio of ipophilic microphase-forming material to subsirate increases, tha material
becomes cake-fike, and then oily or slurry-like, The particular ratio will depend on the
porosity of the substrate and the nature of the lipophilic microphase-forming material.
The lipophilic microphase-forming material may be diluted in a solvert such as methanol
prior to adsorbing the lipaphilic microphase-forming material to the solid substrate. The
resufing sy is dried, for exampls in o vacuun desicoator, o forn & solid matavial

it
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comprising the lipophilic microphase-forming material and subsirate. This solid materis|
may 1hen be comblned with the s0lld amorphous dispersion.

Mixing methods inclugde convective mixing, shear mixing, or diffusive
mixing, Convective mixing invalves maving a relatively large mass of material from one
part of a powder Ded 1© anoiher, by means of biades or paddles, revdlving screw, of an
inversion of the powder bed. Shear miking occurs when slip planes are formed in the
material to be mixed. Ditfusive mixing involves an exchange of position by single
parficles. These mixing processes can be performed uslng equipment in batch or
continuous mode. Tumbling mixers {e.q., bwir-shell} are cammonly used equipment for
batch processing. Continuous mixing can be used to improve compaosition unlformity.
Continuouz mixers include “in-line" mixers and extruders. Extruders May be single
sCigw Of twin-soiew. Twin-screw exjruders may turn in the same or opposite direction,

Milling may alse be employed to sombine the dispersion and the lipephilic
microphase-forming material. Milling is the mechanical process of reduing the particle
size of solids {comminution). Because in some cases milling may alter crystaline
structure and cause chemical changes for some materials, milling conditions are
generally chasan which do not alter the physical form of the dispersion in the 5ense that
the drug in the dispersion is no longer amarphous. The mast common types of milling
anuinmant ars the rotary cutfer, the harmmer, the rolfer, and fluid energy mifls.

Equipment choice depends on the characteristicg of the ingredients I the composition
(&.¢.. soit, abrasive, or friable) Wet or dry-milling techniques can be chosen for several
of thess processes, also depending on the characteristics of the ingredients (e.g.
dispersion stahility in sclvent). The milling process may serve simullaneously as g
miXing process i ine Teed osteriale are netefogenecus. Conventional miving and milling
processes suitable for use In the present invention ars discussed more fully in Lachman,
et al., The Theory and Practice of Industrial Pharmacy (3d Ed. 1986).

The dispersion and lipophilic microphase-forming material may alsa be
combined by dry- or wet-granulating processes as lang as granuiating conditions are
chasan such that the dispersion remains a solid amerphous dispersion.

In addition to the physical miktures described abave, the compositions of the present
invention may constitute any devics or sallsctlon of devices that accomplishes the
cbisctive af delivering to the use enviranment both the dispersion and the lipophilic
microphase-forming Material,

In a particularly preferred embadiment, the polymer/drug dispersion in
lipophiic Microphase-forming material, or alternatively, a solid amorphous dispersion of
polymsr, drug and Npophilic micTophase-foming matedial, are incorporated into the cama
solid dosage form such as a capsufe or fabiet. (1 order to defiver the desired dase of
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drug to the use environment, more than one such capsule of tablet may be dosed. A
s0lid amorphous dispersion of drug and polymer, togsther with the lipophilic microphase-
forming material, may both be delivered "immediately” to the use environment, meaning
that both are substantially released from the daesage form in less than about 30 minutes,
or one ar both of the dispersion and lipophilic microphase-forming matarial may be
deliverad over a period of 110 20 hours in a sustained, delayed or puisatiie fashion.
Thus, the dosage form may be considered a conirolled relefss dosage form in which the
dispersion, the lipophilic microphase-forming material or both the disperslon and the
lipophilic mizronhasa-forming material are dsliverad to the use environment over 2 1-to
20-hour perind.

Thus, in the case of oral administration to an animal, the dosage form may
constitute a layered tablet wherein one or more layers comprise the dispersion and one
ar more ofher layers comprise the lipophilic microphase-forming matenal. Alternativeiy,
the dosage form may be a coated tablet wherein the tablet core comprises the dispersion
and the coating comprises the lipaphitic microphase-forming material or wherein the
tablet core comprises the lipophilic microphase-forming material and the coating
Compriges the dispsrsion {which may be formed dunng the coaling process). in addition,
the dispersion and the lipaphilic micrephase-forming material may even be present In
different dosage forms such as tablets or beads and may be administared
simblltartecusly or separately as long as both the dispersion and lipophilic microphase-
forming material are administered in such a way that the dispersion and llpophilic
rricroprase-formning materiat ate bol presentin e use environent. nyed another
specific embodiment, the polymeridrug dispersion may be dissclved or suspended inan
aguegus vehicle cantaining the lipophilic micrephass-forming material and the aguaous
suspension subsequently dosed to the use envirgniment.

\ CONCENTRATION-EMHANCEMENT

The compositions of the present invention provide concentration-
enhancement in a use envirohment relative to one or more control compositions. The
compasitions of the present invention may provide concentration-enhancement ralative
to a first conifrol composition consisting essentially of the solid amorphous dispersion of
the drug and polymer but without any éipophiiic microphase forming material present.
Thus, the Lpephilic microphase forming material is either presant in the compaosition or
co-administered n 8 sufficient amount to provige concentraiion enhancement {as
describad moere fuily below) relative ta a first control consisiing essentialy of an
equivalent amount of the solid amorphous dispersion of drug and cancentration-
enhancing pofymar but with NG lipophilic microphase forming material present. That is,
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" the first control composition is identical to the composition comprising the solid

amorphous dispersion atd the [ipophilic microphase-forming material except for the
absence of the lipophilic microphase-forming material.

Altematively, the compositions of the present [nvention provide
cangentration enhancement relative tc a second contral composition consisting
essentially of the same lipophllic microphase-forming material combined with
Undispersed crystalline drug in an amount squijvalent to the amount of drug in the
disparsion of the test composition, but with no eensentration-enhancing polymer present,
Thus, the second control composition is identical to the compasition of the invention
except that {1) the drug is in the form of Undispersed crystalling drug rather thap
disparsed In the concantration-enhancing polymer and (2) there is no cancentration-
enhancing polymer present. In cases where more than one grystal form of the drug is
known, the control composition consists of the crystalline form that is most
thermadynamically stable at amblent conditions (25°C and 50% relative humidity). In
cases where no crystalling form of the drug is known, undispersed amarphous drug may
be substituted for crystalline drug.

Al a minimum, compositions of the presant invention provide
concentration enhancemeant in a use envircnment relative to at least ong of the two
above controls, Preferably, compaositions of the presant invertion will provide
concentration enhancement in a use environment relative to both of the above two
controls.

Compositions comprising an arorphous dispersion and lipophilic
microphase-forming material provide concentration-enhancement in either an fn vivo or
in vitro use environment. In an in vivo use environment, the concentration-enhancement
may result in either enhanced relative bioavailability and/or a more regular fed/fasted
bioavailability ratio {that s, a fed/fasted bicavaiiahility ratio closer to 1). In an ip vifro use
enviroiment, concentration enhancement may be either enhanced drug concentration in
highly mobile drug speciss, reduced pracipitate, enhansed maximurn drug concentration,
or enhanced dissolution area yunder the concentration versus time curve {(AUC),

As used herein, a "use ehvironment” can be either the it vivo environmesnt
of the & tract, subdermal, intranasal, buceal, intrathecal, ocular, Intraautial,
subcutaneous spaces, vaginal tract, arterial and venous blood vessels, pulmonary tract
or intramuscular tissye of an animal, such as a mammal ang particularly & hursan, or the
int vitro environment of a test solution, such as phasphate buffered saline (PBS).
Coneentration enhancement may be determined through either in vivo tests or through i
vitro dissolution tests. A compasition of the present invention meets the concentratlon

enhancament criteria In at least ane of the above fest environmments.
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In one aspect, the compositions comprising an amophous dispersion and
lipaphilic microphase-forming material provide improved relative bicavailability relative to
either the first control compaosition, the second control compasition, or preferably both,
Relative bioavailabllity may be tested in vivo In animals of hurnans using conventional
methods for making sugh a determination. An in vivo test, such as a grossover study,
may be used to determine whether a test compaosition provides an enhanced relative
bicavailability comparad with one or both control compositions. It is 1o be understood by
those skilled in the art that such in vivo tests are conventionally carried out under fasted
conditions. In an in vive crossover study a "test composition” of dispersion and [pophilic
rmicrophase-forming materfal is dosed to half a group of test subjacts and, after an
appropriate washout period (e.g., one week) the same sUbjects are dosed with & control
compasition, As described above, the control composition may be aither the first control
composition which consists of the amorphous dispersion with ne lipophilic microphase-
forering material present, or the second control composition, which consists of an
equivalent ameount of the drug in undispersed crystalling farm and an equivalent amount
of the lipophilic microphase-farming material but with no concentration-enhancing
polymer present. The other haif of the group is dosed with the control compasition first,
followed by the test composition. The relative bioavailafikty is measured as the
concetitration in the blood (serum or plasma) versus time area under the curve [AUC)
determined for the test group divided by the AUG in tha blood provided by the control
composition.  Preferably, this test/control ratio is defermined for each subject, and then
the ratios are averaged over all subjects in the study. i vivo deferminations of AUC can

. be made by plotting the serum or plasma concentration of drug along the ordinate
{y-axia) agamist Hrne along the abscissa (x-axis).

To demonstrate improved bicayailability relative to the first control
composition and the second contral compasition, a "three-way in Weo crossover” study
may be conducted where the three compositions are the test composition, the first
control compasition and the second composition.

A prefarred embodiment is obe in which the relative bioavailability of the
test composition is at least 1.25 relative ta either the first control composition or the
second control composition, {That is, the AUC in the blood provided by the test
composition is at least 1.25-fold the AUC provided by the control composition.) The
relafive bicavaifability may be at least 2.0, and nore preferabiy at least 3.0, relative to
either control composition. The determination of AUCs Is a well-known procediure and is
described, for example, in Welling, "Pharmacokinetics Processes and Mathematics,”
ACS Monograph 185 (1986). An even more praferred embadiment of the present
Invention is one for which the relative bicavailgbility of the test composition is al igast
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1.25-old refative 1o both the first control compeslifion and the second santrol
compasition.

Alternatively, In another separate aspect, the compositions comprising an
aAMUIREhous dispersion and Tpopnific micTophase-Inmning matsia) provide more Tequan
absorption. In this aspect, the cormpoesitions provide a fed/fagted bioavailability ratio that
is near 1.0. By "fed/fasted bicavailability ratio” is meant the AUC in the bload provided
by & camposition dosed to a subject In the fed state, divided by the AUC in the blood
provided by the same composition dosed to a subject in the fasted state. By “subject In
the Tad state” is meam a subject who has saten a Food and Drug Administeation (FDA)-
recommended standard high fat breakfast with|n a period of twenty minutes, and then
ingested {i.e., swallowed) the test dosage form esseatially immediately thereafter. A
standard high-fat breakfast consists of, for example, two eggs fried n one tablespoon of
futher, twer strips of bacon, six cunces of hash brown petalites, two pieces of toast with
two teaspoons of butter and two pats of jelly, and eight cunces of whole milk. This
standard high-fat breakfast contains approximately 964 calories, 54% supplied as fat (58
gm) and 12% supplied as protsin, calculated using the monograph "Nutritive Value of
Foodz", .S, Department of Agriculture Home and Garden Bylletin Number 72.
Additional food can also be consumed within the twenfy-minyte pericd and the subject
still qualifies as "fad”. A "subject in the fasted state” for purposes of definition is one whe
has not eaten for at least eight hours, typically ovemight, prior to ingestion of the dosage
form,

Thise, 2 preferred compasition of the present invention comarising 2
dispersion and a lipophilic microphase forming material provides a fedifasted
Hioavehabiity ratig of frorm 0.5 1o 2.0, Preferably, the composiiicns provide a fedfasted
bicavaitability ratio of from (.67 to 1.5, and more prefarably of from 0.8 1o 1,25,
Freferably, the compaesition of the present invention provides a fed/fasted bicavailability
ratio that iz closer to 1 than at least one of the first contrel compositions and the second
compesition, morg preferably both compositions.

Altarnatively, th&l goncentration-snhancement provided by the
compositions of the present invention may be determined in j» vitro dissolution tests in
an apgropriate use enviconment, It has been determined thet enhanced drug
concentration in i vitro dissolufion tests in PBS solution is a good Indicator of i vive
rerfioimance and bioaveiiability. By "PES solution” is meant an aguetts solution
comprising 20 mM sodiurn phosphate (NagHPQg), 47 mM potassium phosphate
[(KHZPQ), 87 m NaCl, and 0.2 mi KG1, adjusted to pH 8.5 with NeDH, 1n parficdar, a
composition of the present invention may be dissolution-tested by adding it to PBS
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sohition and agitaling 1o promete dissolution. A composition of the inverfion is one
which meets the criteria set out below when dosed to PBS golution.

In one aspect, the compositions comprising a dispersion and a lipophilic
mitrophase ferming material, following intreduction to an agquecys vse environfent,
provide a concentration of "highly mobite” drug that is at [east 2-fold the concentration of
highly mobile drlg provided by either the first control composition or the second control
cormpogition. Preferably, the congentration of highly mobile drug provided by the
composition is at least 3-fold, more preferably gt least 4-fold the concenration of highhy
mobile drug provided by either the first controt composition or the secand control
composition. Preferred ermnbodirments meet these criteria with bath the first contral
compesition and the second control composition,

By "highly mobile” is meant drug that is present either as free drug or in a
lipophilic micraphase, Drug that is higily mobile may be quantlfied using analytical
techniques capable of measuring the concentration of drug in solution that is not in the
form of ppivmarfdrug assembiiss or in precipitate. For example, a nuclear magnstic
resonance (MMR} techinique may be used, since the NMR measurement only yields a
weli-resolved signal for species that are sufficiently small or mobile that they may rapidly

. oiate In pardculan, e NMR 2ional hes been found 1o be proporiionsl i e amounk of

highly mabile drug; that is, free drug and any drig that may be present in 2 mobile,
solvated non-aggregated state such as in lipophilic microphases but not drug presert in
large polymerfdiug assemblies. Higbly mobile deag may ales be guanified thraugh
parmeatipn analysis in which the rate of drug transport through a dialysis or other
suitable membrane js propottional to the free drug consentration,

Altarnafively, the cornpasitions comprising a dispersion e_md a lipophills
microp hase forming matenal provide concentration enhancement by reducing the mass
of precipitate farmed in the use environment relative 10 the contral composition.
Reducing the mass of precipitate results in an increass in the amount of drug present in
drug forms that are more labile and mobile, resulting in an increase in relative
Dioavalabiity. As uset herein, ine “precipitate rafic™ |s defined as the mass of drug
present in the precipitate obtained when a first control composition (e.4., the salid
amorphous dispersion alone) is administered to an agueous use envirenment divided by
the ass of drug presant in the precipiate oblained when a fest composition comprisiog
the solid amarphous dispersion and lipophilic rmicrophase-forming material is
adminstered to an equivalent amount of the same use snvironment. Thus, if 30 mg of

" drug s present in the precipitate fanmed when a cantrol compesition is administered to a

test medium and 20 mg of drug is present in the precipitate formed when a test
composition is administered {0 the same test madium, the precipitate ratio is equal to 1.5
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(30/20). The compositions comprising a dispersion and a lipophilic microphase forming
material, following introduction to an agueous environment of use, provide a precipliate
ratip that is at least 1.25 relative to the first control composition previously described,
Preferably, the composiion of the present invention provides a precipiats ratio that is at
least 2-fold, more preferably af least 3-fold relative ta the control composition.

The amount of drug prassnt in precipitate may be determined by any
analytical technique that can quantitativaly make such a determination. In ane method,
the amount of drug present in precipitats is determined by subfracting the total disschved
drug conesntration from the theoretical concentration of drug if all of the drug added to
the test medium had dissoived. As used herein, the term "fotal dissolved drug” refers fo
the total amaunt of drug dissolved in the agueaqus salution, and includes drug present in
the form of free drug, micelles, lipophilic microphases and polymerfdrlg assemblies.
Specifically, this meamns that tota) dissoived drug may be telemmined by separating out
any Undissolved drug by centrifugation o filtration and then mgasuring the amount of
drug remaining in the supernatant or filtrate. Tofal dissolved drug is ypically taken as
that material that either passes a 0.45 pm syringe filter or, alternatively, the matenial that
remains in the superatant fellowing centrifugation. Filkration can be conducted using a
13 mm, 0.45 pm pohyvinylidine difloride syrings filter sold by Sclentific Resources under
the trademark TITAN®, Centrifugation is typically carried out in a polypropylene
micracantrifuge tuba by centrifuging at 13,000 3 for 80 seconds. Other similar filkration
or centrifugation methods can be employed and useful results obtained. For example,
using other types of microfiters may yield values somewhat higher or Jawer (=10-40%)
than that obtained with the filter specified above but will still allow identification of
prefemed compositions, .

Alternatively, drug in precipitats may be determined by collecting the
solids ohtainsd upon centrifugation or fitration of the agueotis solution, dissolution of the
salids in an appropriate solvent, such ag methanol, dimethylsulfoxide, or
dirmethylacetamide, and then analyzing for the drug using any quaniitative analyticai
weehtioue such as HPLC of NAUR,

In anather altermnative aspect, the cornposition comprising a salid
amorphous dispersion and & lipophilic microphase forming materiai may provide 2
Maximum total dissolved Drug Concentration (MDG) that is at least 1.25-fold the MDG of
gither the first control composition or the second control compesition. In other words, i
tha MDC provided by either controf composition is 100 pgfmL, then a compesition
comprising a dispersion and lipophilic microphase-forming material provides an MOG of
at least 125 pafmL. More preferably, the MDC of drug Achisved with the compositions of
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the present invention are atizast 2-fold, and even more preferably at ieast 3-fold, thad of
either contral composition. To facilitate testing, the maximum «rug concentration may be
taken as the maximum concentration achieved within 90 to 180 minutes following
adminisiration of the drug. Prefersd compositfons meet these oritaria for both the flrst
control composition and the secand control composition,

Alternatively, the compositions comprising a dispersion and a lipophilic
microphase-forming material may provide in an aqueous use environment a total
dissalved diug concentration versus tims Area Under The Curve (AUC), for any pericd of
at least 80 minutes betwean the time of introduction into the se environment and about
270 minutes following intraduction to the vse environment that is at least 1.25-fold that of
either the first control composition or the: second control composition. More preferably,
the AUC achieved with the compositions of the present invention are st teast 2-toid and
rmpre preferably at leas! 3-fold that of efther contro! composition. Preferred compositions
meet these criteria for both the first control compeosition and the second control
composition,

In a particularly preferred embodiment of the present invention, the
invertars have found that certain compositions provide a suiprisingly "synergistic
enhancement” in the various concentration and binavailability odteria described above.
Tha "synergistic enhancement” is defermined by comtparing the paiformance of the test
composition of solid amarphous dispetsion and lipaphilic microphase-forming material o
a "fhird confrol composition.” The third control composition consists essentially of the
uhdispersed dnug alone in its thermodynamically lowest energy state, typically the most
stable orystaline form or its amorphous form if a crystalline form is unknown. Preferred
eompositions of solid amorphous dispersions of drug and polymer and lipaphilic
microphase-funming material exhibit synergistic enhancement by petferming better than
would be expectied by simply adding the enhancement provided by a dispersion with the
enhancemsnt pravided by the lipophilic microphase-forming rmaterial.

To determine synergy, it is necessary to determing the performance of the
first control compasition, the second control compasition, and the third sonir
campasition either in fn.w'vu or in in vitro dissolution tests. The relative enhancerment of
the first contral composition {e.g., the solid amorphous dispersion but with no lipophilic
microphase-forming material} is determined with resnact to the thivd contral govnpasition.
For example, if the first control compasition provides an AUCs, (that is, the AUC obtained
during the Tirst 80 minutes following htroduction of the composition 0 a use
environment) of 20,000 min*ug/mi and the third contrel comgpasition pravides an AUCs,
of 1,000 min*pg/ml, the first contrel composition has a relative snhancement of 20-fold.
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Likewise, the relative enhancement of the second control composition
fe.q.. the undlsparsad crystalling drug with lipophilic mictophasefomming meteria) bui no
concentration-enhancing polymer) is determined with respect to the third control
composltion. For exgmple, i the sacnnd contral compasition pravides an AUG,, of
40,000 min*ug/ml and the third control composition providas an AUG,, of
1,000 min*pg/ml, the second contral carmpasition has a elative enbancament of 4040k,

Compaositions of the present invantion provide synargistic enhancement
wien the relative enhancernent provided by the test composition compared with the third
conital composition is greater than the sum of the relative enhancement provided by the
first contral composlition and the relative enhancement provided by secord control
composition. Retuming to the examples described above, if the first control compasition
provided a relative enhancement of 20-fold, and the second contro! composition provided
g reiatiﬁe enhancement of 40-fuld, the sum of their relatlve enhancements would be 60-
fold. Thus, a test composition providas synergistle enhancement when it provides a
relative enhancement of greater than 80-fold compared with the third controt
composition,

The synergistic enhancement may also be determined by comparing the
relative bioavailability of the tast compesition, first control compasition, and second
counirot composition relative to tne third control composition. Synergistic enfancemeant
wauld ba shown where the rejative bioavallability of the test composilion s greater than
the sum of the relative bioavaiiabitity of the first control composition and (he Tetative
binavailabiiity of the second control composilion. For axample, if the first control
compasition provides a relative binavailability of 1.5 with respect {0 the third control
composltion, and the secand contrel composition provides a relative bioavailability of 2.0
with respect to the third contral composition, the test camposifion shows synergistic
enhancerment when it has a relative bicavailability relative to the third control composition
greater than 3.5.

In particular, the inventors have noted that synergistic enhancements in
concentration are often obtained by compositions in which the lipophiiic microphase-
forming rnaterial is dispersed, along with the drug, in the concentration-enhancing
polymer. Such compositions are highly preferred.

LOW-SOLUBILITY DRUGS
The drog ts a "low-solubility drug,” meaning that the drug may be either
"substantially water-insoluble,” which means that the dnug has a minimum aqueous
sohpiity at physiclogically retevart pH {e.g.. pri 1-8) of ¥e35 than .01 mgimL, "sparngly

jf.';
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water-solublg,” that is, has an agueaus solubility us to about 4 to 2 mgiml, or even low
to moderate aqueaus-soiubiiity, having an aqueous-solubility from about 1 mg/mL to as
high a8 abatt 20 ta 40 mglml. In general, it may be said that the drag hes a duse-to-
aqueopus solubility ratio greater than 10 mL, and more typlcally greater than 100 mlL,
where the drug solubility (mafral) is e minimum value chaerved in any physiologica!ly
ralevant agueous solution (e.g., thoss with pH values tetween 1 and 8}including USSP
simulated gastic and intestinal buffers, and doss is In mg. The dosedo-agueous-
solubility-ratic may be detarminsd by simply dividing the dose (in mg} by the aqueous
solubility {n madml).

The usa of the lipophilic microphase-forming material works particularly
wiell for very iow soiubality drogs. Thus, the invenlion finds partrcular Uity where the
drug has a solubility of Jess than 100 pg/mi, and even greater wiility where the solubility is
Wess than 10 pa/mi.

In addition, the invantion finds ytility when the drug has a relatively high

~ absorplion rate constant. By “absorptlon rate constant” is meant a constant that

describes the rate at which the drug is moved from the site of adminlstration {e.g., the Gl
tract of an animal} to the extra-cellutar compartment of the bady. Absorption rate
constants are genarally described by zerc-order or first-order models. See for exampls,
Remington's The Science and Practice of Pharmacy, 20" Ed (2000}, The invention finds
particular utility when the drug has an absorption rate constant of at least 0.005 min™,
more utflity when the drug has an absorption rate constant of at least .01 min”, and
avan more Utility when the drug has an absorplion rate constant of at least 0.03 min™ or
highar,

Preferrad classes of drugs include, but are not limited to,
antihypertenéives, antianxiety agents, anticlotting agents, anticonvulsants, blood
glucase-lowering agents, decongestants, antihistamines, antitussives, anlineoplastics,
beta blockers, anti-inflarnmatories, antipsychaotic agents, cognitive enhancers, ant-
atherosclerolic agents, cholesterol-redycing agenis, antiobesity agents, autoimmune
disorder agents, anfi-impotetce agents. antibacterial gnd antifungal agents, hypnotic
agents, anti-Parkinsonism agents, anti-Alzhsimer's disease agents, antibictics, ant-
depressants, and antiviral agents, glycogen phosphorylase inhibitors, and cholesterol
ester transfer protein inhibltors,

Each named drug should be understood to include the nsutral form of the
drug, pharmaceutically acceptable safts, as well as prodrugs. Spedific examples of
antihypertensives include prazosin, nifedipine, amlodipine besylate, rimazosin and
doxazosin; specific examples of a blood glucose-lowering agent are glipizide and
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chlorpropamide; a specifiic exampie of an anti-impatence agent is sildenafil and sildenafi]
citrate; specific examples of antineoplastics include chlorambuc, lomustine and
echinomycin; a specific exampla of an imidazole-type antineaplastic is tubulazole; g
specific exarnple of an anti-hypercholesteralemic is atorvastatin calcium, specific
examples of anxiciytics include hydroxyzine hydrochlorlde and doxepin hydrochloride;
spediic examples of anti-inflammatory agents include betamethasone, prednisolone,
aspirin, pircxicam, valdecoxih, carprofen, celecoxib, flurbiprofen and {+}-N-f4-[3-(4-
fluorophenoxy)phenoxy]-2tyclopenten-1-yi}-MN-hyroxyurea; a specific example of a
barbiturate is phenobarbital; specific examples of antivirals include acyclovir, nelfinavir,
and virazolg, specific examples of vilamins/nutritional agents include retincl and vitamin
E; specific xamples of beta blockers include timolal and nadolol; a specific example of
an emetic is apomorphing; specific examples of a diuretic include chiorthalidone and
spirpnolacione; a speciic examnpte of an anicoagulan is dicumardf, specific examples of

_ cardiotonics include digoxin and digitoxin; specific examples aof androgens include

17-mathyltestosterons and testosterons: a specific example of a minaral corticoid is
desaxycorticosterone; a specific example of a steroidal hypnoticfanesthetic is alfaxalons;
spedfic exampiés of anabolic agents include flvoxymesterong and methanstenolone;
speciflc examples of antidepression agents inglude sulpiride, I3,6-dimethyl-2-(2,4,5-
trime thy+p henoxy ypyridin-4-y T {-e thy lpropyl-amine, 3, 5-dimetiykd-(3-pentoxy}-2-

(2" A B-tdmethylnbenoxkyiyridine, pyioxiding, fluoxetine, parorating, venlafaxine and
serlraling; specific examples of aptibiotics include carbenicillin Indanylsodium,
bacampicilin hydrochloride, troleandomycin, doxycyline hyclate, ampicillin and penicillin
G; specific examples of antl-infectives include benzalkonium chlaride and chlorhexiding; -
specific examples of coroary vasodilators include nitroglycerin and miofiazing; a specific
example of a hypniotic is etomnidate; spectiic examples of carbonic anhydrase inhibitars
include aceiazolamide and chlorzolamids; specific axamples of antifungals include
econazols, terconazole, fluconazole, varicenazola, and griseofulvin; a spaclflc example
of an antiprotozoal is metronidazole, specific examples of anthelmintic agents include
hisbendzzole and odendarde and merantel; specific examples of gnihistamines
include astemizale, levocabasting. cetirizing, decarboethoxyloratading and clnnarizine,
specific examples of antipsychotics include Ziprasidone, olanzepine, thiothixene
hydrochloride, fluspirilene, risperidone and penfluridole; specific examples of
gastroinfestinal agents include loperamide and cisapride; specific examples of serotonin
antagonists include ketanserin and miansedin; a specific example of an anesthetic is
ldocaine; a specific exampie of a hypoglycemic agent is acetohexamide; a specific
exareple of an antl-emetic is dimenhydrinate;, a spacific exampls of an antibacledal is
cotrimoxazels; a specific example of a dopaminergic agent s L-DOPA; specific
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exampies of anti-Alzheimer's Disease agents are THA and donepezll; a speciiic example
of an anti-ulcer agentfH2 antagonist is famotiding; specific examples of sedativehypnotic
agants include chlordiazeparide and tiazalam;: a specific example of a vasodilator is
alprostadil; 2 specific example of & platelet inbibitor |s prostacyeling specific examples of
ACE inhibiterfantihypertensive agants include enalaprilic acld, quinapril, and lisinopril,
specific examples of tetracycline antibjotics include oxytetracycline and minocycling;
specific examples of macrolide antibiotics include ervtiwomycein, clarithramycin, and
spiramycin; a specific example of an azalide antibiotic is a2irromycin; spedific swampies
of glycogen phosphorylase inhibitors includs [R-{R"S }]-5-chiora-N-f2-hydresey-3-
{meathoxymethylaming}-3-oxo-1-{phenyimsthypropyl-1H-indole-2-carbaxamide and 5-
chlorg-1H-indale-2-carboxylic acid [(15}-benzyl-{2R}H-hydroxy-3-((3R 453 bditydroxy-
pyiTolidin-1-yi-1-3-oxypropyl]amide; and specific examples of cholesterdl ester transfar
protein inhibitors include [2R,45]-4-[acatyl-(3, 5-bis-trifluoromethyl-benzyl}-amino}-2-ethyl-
B-trifluoromethyl-3_4-dihydro-2H-quinoline-1-carboxylic acid isopropyl ester, [2R,45]-4-

12 Shis-rifluoromethybenzyl rrethawycarbonyl-amingl- 2-ethyl-S-trifluaromettyl-3.4-
dihydro-2H-guinoline-1-carboxylic acid ethyl ester, and [2R 48] 4-[{3,5-bis-
trifluoromethyl-benzyl)-methaxycarbonyl-amingj-2-ethyl-6-friflusromethyl-3,4-dihydro-2H-
quingling-1-carboxylic acid isopropyl ester. _

COMCENTRATION-ENHANCING POLYWERS

Tha compuosition alse includes a congentration-enhancing polymer. By
"concentration-enhancing” s meant a polymer present in a sufficient amount so that the
dispersion provides, at & minimum, either improved AUC, maximum drug concentration,
or relative bivavailability relative to a eontrol consisting of an equivalent amount of
crystalline drug bet with no coneentration-enhancing polymer. {Concentration
enhancement may be evaluated as described above, except that the dispersion would
he the test compoaition and crystaline drug without any polymer present would be the
control composition). Concentration-enhancing polymers should be: pharmaceutically
acceptable, and should have at least some solubility in agueous solution at
physiclogically relevant pHs (e.g., 1-8). Almost any neutrai or ionizable polymer that has
an aquepus-solubility of at least 0.1 mg/mL over at |east a portion of the pH range of 1-8
may be suitable.

It is preferred that the cannéntraﬂon—enhancing palymer be "amphiphilic*
in nature, meaning that the polymer has hydrophobic and hydrophilic portions.
Amphiphilic polymers are preferred because it |s believed that such polymers tand to
have relatively strong interactions with the drug and may promete the formation of

varigus fypes of polymeridrug assembilies in sofution.
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A particularly preferred class of amphiphilic palymers are those that are
ionizahle, the ionizable nortions of such polymers, when ionlzed, constituting at least a
partion of the hydrophilic portions of the polymer, For example, while not wishing to be
pound by a particular theory, such polymerfdrug agsemblies may comprise hydrophobic
drug clusters surounded by the concentration-enhancing polymer with the polymer's
hydrophobic regions turned inward towards the drug and the hydrophilic regions of the
polymer turned outward toward the agueous environment. Alternalively, depending on
the specific chemical nature of the drug, the ionized functional groups of the polymer
may assoclate, for example, via lon pairing or hydrogen bonds, with |onic or polar groups
of the drug. In the case of icnizable polymsrs, the hydrophilic regions of the palymer
would include the ionized functional groups. In addition, the repulsion of the like charges
of the ionized groups of such polymers {where the polymer is [onizable) may serve to
limit the size of the polymeridrug assemblies to the nancmeter or submicran scale. Such
drugfconcentration-enhancing polymer assemblles in solution may well resemble
charged polymeric micellar-like structurss. 1n any case, regardless of the mechanism of
action, the inventors have observed that such amphiphllle polymers, paricularly ionizable
ealluiosic polymers such as those listed below, have been shown o interact with drug a6
as to maintaih a higher eoncentration of drug in an agqueocus use environment

One class of polymers suitable for use with the present invention
Comprises noen-ionizable (neuiral) non-cellulosic polymers. Exemplary polymers include:
vinyl polymers and copolymers having at least one substituent selected from the group
consisting of hydroxyl, alkylacyly, and cyclicamide; polyvinyl alcohols that have at least
a portion of their repeat units in the unhydrolyzed {vinyt acetate) form; polyvinyl alcohot
polyvinyl acetate copolymers; polyvinyl pyrrolidone; palyoxysthylene-poiyexXypropyiene
copolymers, also known as poloxamers; and polysthylene palyviny! alcohol copolymers,

A preferred class of neutral non-cellulosic polymers Comprises vinyl
copolymers of at least one hiydrophitic, roydroxyl-coniaining repeat unit and at least ohe
hydrophobic, alkyl- or aryl-containing repeat unit, Such neutral vinyl copolymers are
termed "amphiphilic hydroxyl-functional vinyl copolymers.” Amphiphilic hydroxyl-
funttional vinyl copoiymers are befieved 10 provide high toncentration enbancements
due tp the amphiphilicity of these copolymers which provide both sufficient hydrophobic
groups to interact with the hydrophabic, low-solubility drugs and also sufficient
hydeephilic growss o have sufficient agueous solubility far good dissolution. The
copolymeric structure of the emphiphilic hydmxy[-functionall vinyl copolymers also allows
their hydrophilicity and hydrophobicity to be adjusted to maximize performance with a
specific low-solubility drug.

The preferred copolymers have the general structure;
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H-(CHz-CH), - (CHp-CH),, — H

I |
A B

where A and B represer "rydrophitic, rydrog-comaining” and "tydrophobic”
substituents, respactively, and n and m represent the average number of hydrophilic
vinwyl repeat unite and Avarags number of hydranhakis vinyl repaat units respeciivaly par
pedyner malectle. Copolymers may be block copolymers, randsit copolymers or they
may have structures anywhere betwaen these two extremes, The sumofnand mis
generally from about 50 to abeut 20,000 and therefore the polymers have molecular
wiights from about 2 500 to about 1,000,008 dalions.

The hydrophilic. hydroxyl-containing repeat units, "A," may sirply be
tiydroxyd (-OH) or it may be any short-chain, 1 to & carbon, alkyl with one or more
hydroxyls attached thereta. The hydroxylsubstiluted alky| may be attached to the vinyl
backbone via carbon-carbon or ether linkages, Thus exemplary "A" struciuras [nclude, in
addition to hydroxyt itself, hiydroxymethyl, hydroxyethyl, hydroxypropyl, hydraxymethoxy,
hydroxyethoxy and hydroxypropoxy. _ _ o

The hydrophohic substituent, *B,”* may simply be: ydrogen {-H), in which
¢ase the hydrophobic repsat unit is ethylene; an alkyl or atyl substituent with up to 12
carbons atlached via @ carbon-carhon bond such as mathy!, ethyl or phenyl, an alkyl o
ary! substituent with p to 12 carbons altached via an ether tinkage such as methoxy,
athoxy of phanay; an alkyl ar aryl substituent with up to 12 carbons attached via an
aster linkage such as 2cetate, propionate, butyrate or benzeaie. The amphibhilic
hydroxyil-functional vinyl copolymers of the present invention may be synthesized by any
conventional method Lsed to prepare substituted vinyl copolymars. Scme stbstituted
vinyl copalymers such as polyviny| aicohalfpelyvinyl acetate are well known and
commercially availabls.

A particularly convenient subclass of amphiphilic hydroxyl-functionai vinyl
copolymers to synthesize are those where the hydrophabic substitugnt "B" comprises the
hydrophilic substituent "A" to which an alkylate or arylaie group is attached via an ester
linkage to one or more of the hydraxyls of A, Such copolymers may he synthesized by
first forming the hemopolymer of the hydrophobic vinyl repeat unit having the substitusnt
B, followed by nydrolysis of a porion of ihe sster groups o conivert a portion of the
hydrephobis repeat units to hydrophilic, hydreyl-containing repeat unlts having the
subzfituant A, For example, partial bydralysis of the homonpalymer, pokvinylbutyrats,
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ytalds the copoiymer, vinylaicoholvinylbutyrate capalymer for which A is hydroxyl {-OH)
and B is butyrate {-O0C-CH..CH,.CHa}.

For all types of capolymers, the value of n must be sufficiently largs
relative to the value of m that the resulting copolymer (5 at least partially waler sciuble.
Although the value of the rafio, nfm varies depending on the identity of A and B, itis
generally at least about 1 and more commonly about 2 or more. The rafic n/m can be as
high as 200, When the copolymer |s formed by hydrolysis of the hydrophabic
homopolyier, the refative values of n and m are typically reported in "perrent
hydralysis,” which is the fraction (expressed as a parcent) of the total repeat units of the
copolymer that are in the hydrolyzed or hydroxy] form. The percent hydrolysis, H, is
given as

H=100x( 1 l
n + I

Thus, vinylbulyrate/vinylalcohol copolymer (farmed by hydrolysis of a portion of the
butyrate groups) having a percent hydrolysis of 75% has an n/m ratic of 3.

A particularly preferred family of amphiphilic hydroxyl-functional viny| copolyrmers are
those where A is hydroxyl and B is aceiate. Such copolymers are termed
vimylavetalafvinylalcohol copalymears. Some commercial grades are alse somnetimeas
referred o simply a5 polyvinylalcohed However, the true hain-pdyma, polyvinyialcohao!
is not amphiphilic and is almost entirely water insoluble. Praferred
vinylacetatefvinylalcohel copolymers are those where H is betwean about 67% and

90 5%, of n/m has a value betwesn sbout 2 and 200, The preferred average molecular
weight is betwesn about 2500 and 1,000,000 daltons and more preferably between
about 3000 and about 100,000 daltons.

Another class of palymers suitabla for Use with the present invention
comprises jonizable non-cellulosic polymers. Exemplary polymers [nclude: carboxylic
acid-functionalized vinyl polymers, such as the carboxylic acid functionalized
polymethagrylates and carboxylic acid funclionalized polyacrylates such a8 the
EUDRAGITS manufactured by Rohm Tech Ing., of Malden, Massachusetls; amine-
functionalized polvacrylates and polymethacrylates, proteins such as gelatin and

"albumin; and carboxylic acid functionalized starches such as starch glycolate. Non-
cellulosic potymers that are amphiphilic are copalymers of a relatively hydraphtlic and a
relatively hydrophobic monomer. Examples include acrylate and methacrylate

ol
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copolymers. Exemplary commercial grades of such copolymers Include the
EUDRAGITS, which are copolymers of methacrylates and acrylates.

A praferred class of polymers comprises ionizable and nautral {or non-
ionizable) cellulosic polymers with at least one ester- andior ether-linked subsfifuent in
which the palymer has a degree of substitution of at }east 0.05 for each substituent, 1t
should bs noted itat in the polymer nomenclature used herein, ether-linked substituents
are recited prior to "cellulose” as the moiety attached to the ether group; for example,
"ethylbanzoic acid ceilulose” has athoxybenzoic acid substituents. Analogously,
ester-linked substituents are recited after "cellulose™ as the carboxylate; for example,
"cellulose phthalate! has one carboxylic acid of each phthalate muiety ester-linked to the
poiyrner &nd the other carbogyhc acd unreacted.

It should aiso be noted that a polymer name such as "cellviose acetate
phthalate” (CAP) refers to any of the family of cellulosic polymers that have acetate and
phthalate groups attached via ester linkages to a significant fracfion of the cellulosle
polyrmar's hydroxyl groups. Generally, the degrae of substitution of each substituent
group can range from 0.05 to 2.9 as long as the other criteria of the polymer are met.
"Degree of substitution” refers fo the averags number of the three hydroxyls par
saccharide repeal unt on the celiulose chain that vave been supsiituted. For example,
all of the hydroxyls on the cellulose chain have been phthaiate substituted, the phthalate
degree of substitution is 3. Also included within each polymer family type are cellulosic
polymers that have additional substituents ad&ed in ré!atively small ameunts that do not
substantially alter tha performance of the polymer.

Amphiphilic celiulosics comprise polymers in which the parent cellulosic
polymer has been substituted at any or all of the 3 hydroxyl groups present on each
saccharide repeat unit with at jeast one relatively Tydrophobic substituent. Hydrophobic
substituents may be essentially any substituant that, if substituted to a high enough level
or degree of substitution, can render the cellulasic polymer essentially agueous
inscluble. Exarnples of hydrophobic substituents include sthep-inked alkyl groups such
as mathyl, ethyl, prapy!, butyl, etc.; or ester-linked aikyl groups such as acetate,
propionate, butyrate, etc.; and ether- andfor gster-inked aryl groups such as phenyl,
benzoats, or phenylate. Hydrophilic regions of the polymer can be either those portions

_ that ars relatively unsubstitrted, since the Unsubstituted nydroxyls are remsetves

relatively hydrophilic, or those regions that are subsiituted with hydrophilic substituents,
Hydrophilic substituents include ether- or ester-linked nonionizable groups such as the
hydroxy alkyl substituents hydroxyethyl, hydrasypropyl, and the afkyl ether groups suth
as ethoryethoxy or methoxyethoxy. Particularly preferred hydrephilic substituents are
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ihose that are ether- or ester-linked ionizable groLips such as carboxylic acids,
thiecarboxylic acids, substituted phenoxy groups, amines, phosphates or sulfonates.

One class of cellulosic polymers comprises neutral polymers, msaning
that the palymers are substantlally non-ionizable in agueous solufion. Such polymers
contain non-ionizable substitusnts, which may be either ether-linked or ester-linked.
Exemplary ether-linked non-ionizable subslituants include: alkyl groups, such as methyl,
ethyl, propyl, butyl, stc.; hydroxy alkyl groups such as hydroxymethyl, hydroxyathy,
hydroxypropyl, etc.; and aryl groups such as phenyl. Exemplary ester-linked non-
ionizable substituents includs: alkyl groups, such as acetate, propicnate, butyrate, sic.;
and aryl groups such as phenylate. However, when aryl Qroups are included, the
polymer may need to include & sufficient amount of a hydrophilic subslituent so that the
polymer has at least some water sclubflity at any physiologically relevant pH of from
1108.

Exemplary non-ionizable {neutral) callulasic polymers that may be used
as the polymer include: hydroxypropyl methyl cellulose acetate, hydroxypropyl methyl
cellulose, hydroxypropyl cellulose, methyl cellulose, hydroxyethyl methyl cellulose,
hydroxyethyl cellulose acetate, and hydroxyethyl ethyl cellulose,

A preferred set of neutral cellulosic polymers ars those that are
amphiphilic. Exemplary palymers include hydroxypropyl methyl cellulose and
hydroxypropyl cellulose acetate, where cellulosic repeat units that have relatively high
numbers of methyl or acetate substituents relative to the unsubstituted hydrexyl or
hydroxypropy! substituents constitute hydrophobic regions relative to other rapeat units
on the polymer,

A prefarred class of cellulvsic polymers comprises polymers that are af
least partially ionizable at physiologically relevant pH and include at least one ionizable
subsiituent, which may be sitner efher-finked of aster-inked, Exemplasy ether-linked
ionizable substituents include: carboxylic acids, such as acetic acid, propionic acid,
benzaic acid, salicylic acld, alkoxybenzoic acids such as ethoxybenzoic acid or
propoxybenzoic acid, the various isomers of alkexyphthalic acid such as ethoxyphthalic
acid and ethoxylsophthalic acid, the various isomers of alkexXynicotinic acid such as
ethoxyricotinic acid, and the various isomers of picolinic acid such as ethoxypicalinic
acid, etc.; thiocarboxylic acids, such as thioacetic acid; substituted phenoxy groups, such
as hydroxyphetioxy, ete.; amines, such as aminosthoxy, diethylaminoethoxy,
trimethylaminoethoxy, ete.; phosphates, such as phasphate ethoxy, and sulfonates, such
as sulphonate ethoxy. Exemplary ester linked ionizable substituents include: carboxylic
acids, such as succinate, cltrate, phthalats, terephthalate, isophthalate, trimeliitate, and
the various isomerts of pyridinedicarboxylic acid, etc.; thiocarboxylic acids, such as

N
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thiosuccinate: substifuted phenowxy groups, such as aming salicylic acid; amines, such as

natural or synthetic amino acids, such as alanine or phenylalaning; phosphates, such ag
acety.l phosphats; and sulfonates, such as acety! sulfonate. For aromatic-substituted
polymers ta also have the requisite agueaus solubility, It is slso desirable that sufficient
hydrophilic groups such as hydroxypropyl or carboxylic acld functiona! groups be
attached to the polymer to render the polymer aqueous soluble at least at pH values
where any ionizable groups are fonized. I soms cases, the aromatic substituent may
itself be ionizable, such as phthalate or timellitate substituents,

Exemplary cellulosic polyrrars that are at laast partially ionized at
physiclogically relevant pHs include; hydroxypropyl methyl cellulose acetate succinate,
hydraxypropyl methyl cellulose succinate, hydroxypropy! celiulose aébetﬂfe succinate,
nydroxyethyl methyl cellufose succinate, hydroxyethy! celivlose acetate succinate,
hydraxypropy! methy| celiulose phthalate, hiydrexyethyl methyl cellulose acetaie
suctinate, hydravyathnl methyl cellulose acetate phitalate, carboxyattw celluiose,
carboxymethy! celiulose, carboxymethyl ethy] celiviose, cellulose acetate phthalate,
methy! cellulose acetate phthalate, ethy! cefluiose acetate phthalate, hydroxypropyl
cellulose acetate phthalate, hydroxyprapyl mathyl cellulose acetate phthalats,
hydraxyprapyl celiulose acetate phthalate succinats, hydroxypropyl medhyl cellulose
ansatate succinate nhibalate, hydrawynranyl mathyl cedlilase succinate phthalste,
celfulose propionate phthalate, hydraxypropy] cellulose butyrate phthafale, callulose
acetate trimellitate, methyl cellulose acetate trimellitate, ethyi celiulose acetate
trimellitate, hydroxypropy! celluloss acetate trimellitate, hydrexypropyl mathyl callulose
acetats trimellitate, hydroxypropy! cellulose acetate timsllitate succinate, celluiose
nroplonate timelitate, celiulose hutyrate trimellitate, cellulose acetate lerephthalate,
cellulose acetate isophthalate, cefluiose acetats pyridinedicarboxylate, aaliéylic acld
celiviose acetats, hydroxypropyl salicylic acid sellulose acetate, ethylbenzoic acid
cellulase acetate, hydroxypropy| ethylbenzoic acid cellulose acetats, ethyi phthalic acid
cellulose acetate, ethy! nicotinic acid cellulose acetats, and ethyd picolinic acid cellulose
At ate,

Exemplary celiulosic polymers that meet the definition of amphiphilic,
having hydrophilic and hydrophobic regions include polymers such &s cellulose acetate
phthalate and cellulose acetate fhimesllitate whare the cellulosic repaat units that have
one or mare acelste substituents are hydrop hobic reiative to those that have no acetate
suhatituents or have one of Mare ionized phthalate or trimellitate substituents.

A padticularly desirabla subset of cellulosic ionizable pelymers are those
that possess hoth a carboxylic acid functional aromatic substituent and an alkylate
subsitjtuent and thus are amphiphilic. Exemplary polymers include celluiose acetale
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phthalats, methyl celiulass acetate phithalate, ety azllulose acetate phihelate,
hydroxypropy! cellutose acetate phthalate, hydrogylpropyl methyl celluiose phthalate,
hydroxypropyl methyl cellulose acetate phihalaie, hydroxypropyl cellulose acetate
phthalate succinate, ¢ellulose propionate phthalate, hydroxypropyl cellulose butyrate
phihalate, cellulose acetate timetfitate, methyl cellulese acetate trimellitate, ethyl
cellulose acetate trimellitate, hydroxypropyl cefllulose acstate timellitate, hydroxypropyl
methyl cellulose acetate trimaiiitate, hydroxypropy! cellulose acetate irimellitate
succinate, cellulose propionate iimelitate, cellulose butyrate timellitate, collvlose
acetate terephthalate, cellulose acetate isophthalate, cellulose acetate
pyridinadicarboxylate, salicylic acid esllulose acetate, hydroxypropyl salicylic acid
cellulose acetate, sthylbenznis acid esllulase acetate, hydepoprony| ethylbanzaic acid
cellulose acetate, ethy] phthalic acid ceilulose acetate, ethyl nicotinic acid celllose
acetate, and ethyl picalTnic acid cellulase aceiate.

Another particularly desirable subset of cellulosic ionizable polymers are
those that possess a non-aromatic carboxyate substituent, .Exemp]ary palymers fnclude
hydroxypropy! methy! cellulose acetate succinate, hydroxypropy! methyl celluloss
succinate, hydroxypropyl cellulose acatate succinate, hydrosyethyl methyl cellulose
acetale suttinate, nydroxyetnyl melnyi celiulose succinate, hydroxyetnyl celliose
acetate succinate and carboxymethyl ethyl celiulgse, Of these cellutosic polymers that
are at least partially ionized at physiologically relevant pHs, the inventors have found the
following to be most prefemmed: hydroxypropyl methyl cellulose acelate succinate,
hydroxypropyl methyl cellulose phthalate, cellulose acetate phthalate, csllulose acetats
trimellitate and carboxymethyl ethyl cellulose. The most preferred is hydroxypropyl

- meihyl cellulose acetate succinate.

Ancther prefered class of polymers conslsts of nettralized acidic
polymers. By "neutralized acidic polymer” is meant any acidic polymsr for which a
significant fraction of the "acidic moisties” or "acidic substituents” have been
"nedtalized™ that s, exist in their deprolonated form, By "neutralized acidle seliulosic
palymers” is meant any cellulssic "acidic polymer” for which a significant fraction of the
"acidic moieties" or "acidic substituents” have been "neutralized.” By "acidic polymear® is
meant any palymer that possesses a significant number of acidic meieties. in general, a
significant number of acidic moieties would be greater than or equal to about
0.1 milliequivalents of acidic moieties per gram of polymar. "Acldic moieties” include any
functional groups that are sufficiently acidic that, in contact with or dissclved in water,
can at lzast partially donate a hydrogen cation to water and thus increase the
hydrogen-ion concentration. This definilion includss any functional group or
"substifuent,” as it is termed when the funclional group is covalently attached to a
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polymer, that has a pl, of less than about 10. Exemplary classes of functicnal groups
that are included in the sbove deseription indugde carboxylic acids, thincarboxylic acids,
phosphates, phenoiic groups, and suifonaies. Such functional groups may Make up the
primary structure of the polymer such as for palyacrylic acid, but more generally are
povakently attached to the backbone of the parent polymer and thus are rmed
"substituants.” Meutralized acidic polymers are described in mare detail in commonky
assigned copending provisional patent application U.S. Sertal No. 60/300,258 entitled
"Pharmaceutical Compesitions of Drugs and Neutralized Acidic Polymers” filed June 22,
2001, the reievant disclosure of which is incorporated by reference.

The glass transition ternperatureg of the dispersion is dependent on the
glass transition temperatures of the matetials comprising the dispersion, Since one of
the primary materals used to form the dispersion is the concentration-enhancing
polymer, and since the glass tranaftion temperature of the drug is often relatively low, the
concantration-enhandng polymer may be chosen so as to have a refatively high glass
transition temparaturs. Thus, the polymer may have, when eduilibrated with humid air
having a relative humidity of about 50%, a glass transition temperature of at least 40°C,
at least 70°C, or even greater than 100°C.

While specific polymers have been discussed as being suftable for use in
the: mixtures of the present invention, blends of such polymers may also ba suitable.
Thus, the term "concentralion-enhansing polymer” 15 Infended to include blends of

polymers in addition o a single species of polymer.

EXCIPIENTS AND DOSAGE FORMS

Although the key ingredient present in the compositions is simply the
mixture of {1} the dispersion of drug and the concentration-enhancing polymer, and
(2) the lipophilic microphase-forming material, the inclusion of other exclpisnts in the
composition may be useful. These excipients may be utilized in order to jormulates the
composition into tablets, capsules, suppositories, suspensions, powders for suspension,
creams, transdermal patches, depots, and the like. The mixture may be added to other
dosage form ingredients in essentially any manner that does not substantially alter the
drug. The excipients may be either separate from the mixturs andfor included within the
imichire,

The addition of pH modifiers such as acids, bases, or buffers may he
heneficial, retarding the dissolutlon of the compaosition {e.g., acids such as citric acid or
succinic acid when the concentratipn-enhanicing polymer is anienic} or, aliernatively,
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enhancing the rats of dissolution of tha composltion (s.g., basss such as sodium acetate
or amines when the polymer is anionlc).

Cahventional matrix materials, complexing agents, solubilizers, fillers,
disintegrating agents (disintegrants}, or bindsrs may aiso be added as part of the
camposition teelf o sdded by granuiation via wet o7 mechenical or tihed imeans. These
materials may cormprise up to 80 wi% of the composition.

Examples of matrix materisis, fillers, or diluents include lactose, mannita,
xylitol, ricrocrystalline celiulose, dibasic ﬂaicium phosphate (dihydrate and anhydrous},
and starch.

Examples of disintegrants inthude sediurn starch ghycolale, sodium
alginate, carboxy methyl cellulose sodium, methy! cellulose, and croscammellose sodium,
and crosslinked forms of polyvinyl pyrrolidone such as those sold under the trade name
CROSPOVIDONE {avaiiable from BASF Corporation).

Examples of binders Include methyl cellulose, microcrystaliine celluicse,
starch, and gums such a3 guas gur, and \ragacanth,

Examples of lubricants include magnesium stearate, caleium stgarate,
and stearic aci.,

Examples of preservatives include sulfites {an antivxidant), benzalkonium
chlerige, methyl paraben, propyl paraben, benzyl alcohol and sadium benzoate.

Examplas of suspending agents of thickenars Inciude xanthan gum,
starch, guar gum, sodium aiginate, carboxymethyl cefluloss, sedium sarbooyrmnethyl
cellulose, methyl cellulose, hydroxypropyl methyl cellulose, polyacrylic acid, silica gel,
alurminuin silicale, magnesium silicate, and fitanium dioxide.

Examples of anficaking agents ar fillers include sillcon oxide and actose.

Examnles of solublizers include ethangl, propylene glhyeol or polyethylens
giycol,

Other conventional excipients may be employed in the composiifons of
this invention, including those excipients well-known in the art. Generally, excipients
such as plgments, lubricants, flavorants, and so forth may be used for customary
purposes and in typical amounts without advarsely affecting the nraperiss of the
compositions. These excipients may be ulilized in order to formulate the composition
into tablets, capsules, suspensions, powders for suspensian, creams, transdermat
paiches, and the |ike.

in particular, sofid dosage forms such as immediate release tablets,
cootrallad releasze tahlets, delayed release tablats, chewabls tablets and analogous
capsules containing solid material are a preferad embodiment of this invention.
Praferred dosage forms of this type generally comprise from 10 wi% lipophilic

EA
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microphase-forming material up to 80 wt% lipophilic microphase-forming maferial as well
as the solid amarphous dispersion of drug and concentration-enhanging polymer,
together with other optional exclpients.

Itis conventionally ihought that because lipophilic microphase-fotming
rmaterial are typically either low metting point or low Ty solids, or gven liquids at room
temperature, that they are not considered apprapriate additives for such solid dosage
forms except at low levels, fypleally [8ss than about 5 wi% or less to promots wetting and
dissolution of the tablet. However, the inventors tave found that, contrary to such
conventional wisdom, solid dosage forms with excellent properties can be made that
have relatively high levels of lipoptillic micraphase-forming material. In order for such
high lipophilic microphase-forming material levels to be utilized In such solid dosage
farms, the inventors havs found it desirable to adsorb at least a portion of the hpophille
microphase-forming material on a solid substrate or disperss the lipophllic microphase-
forming matenial 1 a water souble of water dispersible matrix. As mentionsd earlier,
appropriate adsorption substrates include materials such as silicon oxide, dibasic
ealclum phosphate, microcrystaliine cellulose, and calcium silicate. Appropriate water
soluble or water dispersible dizpersion matrix materials include sugars slich as sucroge
and wylitol, arganic acids such as cilric acid or lzetic acid, water soluble polymers such
as polydextrose, polyathylene oxide, or dextrin, Particutarly preferred dspersion matrix
matsrials zre the concentration-enhancing palymers previously describad. Ina
particulary preferred embodiment, the lipephilic microphase-forming matertal is
dispersed along with drug in the concentration-enhanding polymer. An added advantage
of thls ermbodiment, particulary when the lipophilic micrephase-forming material is liguid
at temperatures below about 50°C, is that redative ly high levels of lipophdlic microphase-
forming material, up to about 50 wi% or in 50me cases aven more, can often be added to
the drugipolymer solid amerphous dispersion while stil having the resulting material be a
solld powder or granule at ambient conditions.

The compositions of the present invention may be delivered by a wide
variely of routes, including, but net limited to, orad, nasal, rectal, vaginal, subcutansous,
intravenous, and pulmenary, Generally, the oral route is preferred.

Composiions of this inveniion may also be used n a wike variehy of
dosage forms for administration of drugs. Exemplary dosage forms are powders or
granules that may be taken arally ither dry or reconstituted by addition of water or other
liquiss io form a pasie, Slurry, suspension or solution; tablets; capsules; multiparficulates;
and pills, Various additives may be mixed, graund, or granulated with the compositions
of this invention to form a material suitable for the above dosage forms. [n one preferved

embodiment, the solid amarphaus dispersion of drug and concentration-enhancing
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polymer 15 formulated as 2 diy' powder and then, prior to administration, is dispersed in a
vehlele that containg the lipophilic microphase-forming material,

The compositions of the present invention may he formufated in various
forms such that they are dellvered as a suspension of particles in a liquid vehicle. Such
suspensions May be formulated as a liguid or paste at the time of manufacture, or they
may be formulated as a dry powder with a liquid, typlcally water, added at alater ime but
prior to oral administration, Such powders that are constituted inte a suspension are
oftem termed S$achets or oral powder for constiiution {OPC) fTormulations. Such dosage
forms can be formulated and reconstituted via any known procedure, The simplest
aporoach is 1o fopmulate the dosage form as a dey powdar that is reoonstitutad by simaly
adding water and agitating. Aliernatively, the dosage form may be formulated as a liguid
and a dry pnﬂder that are combined and agitated to form the oral suspension. In yet
another embodiment, the dosage form can be formiiated as two powders which are
reconstituted by first adding water to one powder to form a soiution to which the second
powder is combined with agitation to form the suspension.

Generally, it is preferred that the dispersion of drug be formulated for long-
term starage in the dry state as this promotes the chemical and physical stability of the
drug.

Yet ancther method to delivar the dispersion and lipophilic microphase-
forming material is to co-administer the dispersion and lipophilic microphase-forming
mEEnat 10 an i vivo use BnViDnment. THe sofid 'amorphous disparsion and Hpophilic
tmilcrophase-forming material may each be added separately to the /» vivo use
environment. Thus, when dosed orally, the digpersion may be taken aralty prior to the
lipophilic microphase-forming material, at the same tfme, or after the lipophilic
microphase-forming material has been taken orally. In general, if adminfstered
saparately to an in vivo use epvironment, the solid amorphous dispersion and the
[fpophilic microphase-forming material should be administerad within 15 minutes of each
other.

Since the presgnt invention has an aspedct that relates to the treatment of
a condition or disorder by treatment with a combination of & polymerfdrug solid
amorphous dispersion and a lipophilic microphase-forming material which may be co-
administered separately, the invention also relates to combining separate
pharmaceutical compositions in kit forrn. The kit comprises bwo separate pharmaceutical
cormpositions: {1) a composition comprising a selit amorphous dispersion of drug and
rancentration-enhanging polymer; and (2} a compaosition comprising a lipephilic
micraphase-forming ratenal. The amaunts of (1) and (2} are such that, when co-
administered separately, the condition or disorder is treated andfor remediated. The kit
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comprises a conhtainer for containing the separate compositions such as a divided botile
or a divided foll packet, wherein each compartment cantains a plurality of dosage forms
{e.q,, tablets) comprising (1) or {2). Alternatively, rather than separating the active
ingradient-cantaining dosage forms. the kit may contain separate compariments each of
Which comising a whole dosage whith in furn comprises separaie dosage forms. An
example of this type of kit is a blister pack wherein each individual blister contains two
{or more] tablets, one {or more) tablet(s) comprising phamaceutical compasition (1), and
the sacond {or mare) tabletis) comprising pharmeceutical composition {2). Typically the
kit compriges directions for the administration of the separate components, The kit form
is particularly advantageous when the separate components are preferably administered
in different dosage forms {e.g., oral and parenteral}, are administered at different dosage
intervals, or when titration of the individual components of the combination is desired by
the prescribing physkclan. [n the case of the instant invention a kit thersfore comprises

{1} a therapeutically effective amount of a composition comprising & solid
amorphous dispersion of 2 low-solubility drug and a concenfration-enhancing polymer, in
a first dosage form;

{2) a therapautically sffective amount of 2 composition camprising a ltpaphilic
microphase-forming material, in a second dosags form, and

{3) a container for containing said first and second dosage forms.

An example of such a kit, alluded to above, is a so-called blister pack.
Blister packs are well known in the packaging industry and are widely used for the
packaging of phammageutical unit dosage farms such as tablets, capsules, and the fike.
Blister packs generally consist of a sheet of relatively stiff material covered with a foll of a
preferably trangparent plastic material. During the packaging process recesses are
formed in the plastic fall. The recesses have the slze and shape of the tablets or
capsules 1o be packed. Next, the tablets or capsuies are placed in the recesses and the
shest of relatively stiff material is sealed against the plastic foil at the face of the foil
which is opposite from the dirsction in which the recesses wers formed. As a result, the
tablets or capsules are sealed in the recesses between the plastic foil and the sheet,
Praferably, the strength of the sheet is such that the tablets or capsules can be removed
from the biister pack by manually applying pressure on the recesses whereby an
opening is formed in the sheet at the place of the recess. Tabfel(s} or capsule(s) can
then be removed via said opéning.

It rvey be desirabls to provide 3 memeny aid on the kit, e g, in the farm of
numbers next to the tablets or capsules whe}eby the numbers correspend with the days
of the regimen during which the tablets or capsules so specified should be ingestsd.
Another example of such a memory aid is a calendar printed on the card, e.q., as follows
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"First Week, Monday, Tuesday, ...etc.... Serond Week Monday, Tuesday...", ete. Cther
variations of memory aids will be readily apparent. A "gafly dose" can be a single tablet
or capsﬁle or several pills or capsuies 1o be taken on a given day. Also a daily dose of
he first compound can consiet of one tabiet or capsule while & daily tose of the second
sompeund can cansist of several tablets or capsules and vice versa. The mamory aid
should refisct this.

Compositions of the present inyention may be used to treat any condifion
which is subject to treatment by administering a drug.

Cther features and embodiments of the invention will bscome apparent
from the following examples which are given for illustration of the invention rather than
for limiting its intended scope.

EXAMPLES
Dlspersions 1-12

3olid amorphous dispersions of drugs and varlows concentration-
enharncing polymers ware prepared by spray-drying each solution of drug and palymer,
using either a Miro PSD-1 spray drier or a "mini" spray driet. For Dispersions 1, 2, 8, 10,
11, and 12 the drug was [2R,43] 4-[(3.5-bls-triffucromethyl-benzyl}-methoxycarbanyi-
amino]-2-ethyl-6-tifluoromethyl-3, 4-dihydro-ZH-gquinoline-1-carboxylic acid ethyl ester
{"Drug 1™ For Dispersions 3 and 4, the drug was the hydrochloride salt form of
ziprazidone {"Drug 24", while for Dispersion 5, the drug was the free base form of
ziprazidone ("Drug 2B™). For Dispersions § and 7, the drug was 2-
phenanthrenecarhoxamide, 40,5 6.7 8,839 10-octabydeo-7-bydrooe-M-[{ 2-mathyl-3-
pyridinyl imethyl-4b-(phenytmethyl}-7-(3.3, 3-trif uercpropyl)-, (4bS,75,8aR) ("Drug 37},
For Dispersion &, the drug was 5-chloro-1 H~i.ndole-2—carboxylic acid [{15}-banzyl -3-{(3R,
45 -tinydroxypymoldin-1-yi-j-{ 2R )}-nydrocy-3-oxypropyl] amids {"Dirug 4%,

For Dispersion 1, an amorphous dispersion of Drug 1 and HPMCAS-MF
was prepared using a Nird PSD-1 spray drier, First, a spray solution was formed
containing 2.5 wi% Drug 1, 7.5 wt% HPMCAS-MF, and 0% acetone. The solution was
spray-dried by directing a Niro two-fluid external-mix spray nozzle at 2.7 bar with & feed
rate: of 190 g/min into the stainless-steel chamber of a Niro PSB-1 spray-dryer, using
nitrogen as the drying gas, maintained at a temperature of 137°C at the inlet; the drying
gas and evaparated solvent exited the drisr at 49°C.

The resuiting solid amorphous dispersinn was colletiet via a cydone snu
then dried in a Gruenberg solvent tray-drier by spreading the spray-dried particles onio
polyethylens-lined trays to & depth of not more than 1 ¢m and then drying them at 40°C
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for 25 hours, After drying, Dispersion 1 containad 25 wi% Drug 1. The mean diameler of
the dlspetsion paricles was 15 Bm.

Dispersions 2, 3, B, 10, and 12 were prepared using the same process as
described for Dispersion 1, with the exception of the variables noted in Table 1, which
summarizes the process conditions. Dispersion 12 was spray-dried using a Nim PSD-4
spray drier and a pressure nozzie {Delvan SDX111 {(SA-38)). '

Table 1
Pru Polym Solven | Maozzls | Feed
Dis |Dru| g er t Mass | Pressur | Rate | T | T
D g | Ma | Polyrner | Mass {Salvent | (g} a (bad) | (gimin | (GY (0}
No. | Mo. | ss {s}
(g_} .
1 1 8 HPMCAS 2 Aestone 284 27 190 [(13F |48
_ME
2 iT 40 HPMCAS | 1204 Pcetone | 840 2.7 200 (132 | 50
-MiF '

3 T2A | 1 HPMCAS [ O |Methan | 480 | 7.7 | &0 [120 |60 |

HE of : _[
8 14 |160 HPMCAS | 150 RBoetone (14,700 | 198 200 {180 | 7O
-MF
10 | 1 4.2 | CMEC 78 [Pcetone | 138 67 | 200 [110 |45

12 1 T4ad MCAS | 422  hcelone | 2024 48 \1%? rﬂu 45,
MG

For Dispersion 4, an amorphous dispersion of Ziprazidone, in the
fhydrochioride salt form, {"Drug 28N, was prapared using the mint apray driar, The spray
solution consisted of 0.14 wi% Drug 2A, (.14 wi% HPMCAS-HF, and 99.72 wt%
methanol, The solution was purped into a “mint” spray-trying apparatus via a Cole
Parmer 74800 series rate-controlling syringe pump af a rate of 1.3 mUmin. The
drug/nolymer salufion was afomized thiough a Spraying Systeras Ca. two-fluid nozzle,
Module No. $U1A using a heated stream of nitregen (100°C). The spray solution was
sprayed into an 11-cm diameter steinlass steal chamber. The resulting sclid amomhous
dispersion was collected on filtar paper, dried under vacuum, and stored in a desiccator.
Aftar drying, Dispersion 4 contained 50 wi% Drug 2 form A

Dispersions 5, 8, 7. 9 and 11 were prepared using the same process as
descrihed for Dlanersion 4, with the exception of the varlables noted in Table 2, which
summarizes the process condifions. Note that for Dispersion 11 the lipophilic
microphase-forming material {Capmul MCM) was included in the solvent salutian used to

form the dispersion,
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Table 2
T | Drug Polym Soiven | Feed
Disp. | Dru | Mas ar t Mass | Rale Tin
No. | g 5 Polymer | Mass Solvent s} {mL/ml | [*C)
No, | (mg) {mg) Lk
4 28 |500.2 HPMCAS- | 6002 Wethanal 356.0 1.3 100
HF
5 |28 |500.2 [HPMCAS- | 500.1 | Methanol | 166.0 | 1.3 | 100
HF
{6 | 3 |254| CAP__|2256 | Acotone 25 | 13 |100
| 7 3 253 HPMCAS- | 2250 Acelone 25 1.3 100
MF
g 1 3.0 | HPMC 27 |MeDW! Acelone 1D 1.3 100
1M
il 1 47 HPMCAS- 120 Acatons 12 1.0 a0
MF :

foallrvw.

Table 3 surmmatizes the various dispersions vsed in the Examples which
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Table 3
Spray-drier Used
Drug Conc. to Prepars
Dispersion Orug in Disparsion Dispersion
o, Mo. (atiive, wi%) Polymer
1 K L 25 HPMCAS-MF Nire PSD-1
Z 1 o » HPMCAS-ME Niro PS0-1
B 3 | A L 10 | HFMCAS-HE |7 Hirg PSH-1
4 I eA ] 50 I HPMCAS-HF ~ Mini__
5 2B 50 | HFMCAS-HF Mini
A 3 10 CAP Mini
B 7 3 10 HPMCAS-MF Mini
N 8 4 50 HPMCAS-MF |  Niro PSD-1
g 1 10 HPMC Mini
0 1 3B CMEC Niro PSD-1
11 1 20 HPMCAS-MF Mint _
12 1 25 HPMCAS-MG Niro FSD-1

HPMCAS-MF = madium fine gratde (AQUAT-MF, Shin Eisu)
HPMCEAS-HF = high, fine-grade {AQUAT-HF, Shin Etsu)
HPMCAS-MG = medium, gramiar grade (AQUAT-IHG, Shin Elsu)

CAaP = gellulose acetata phthalate {NF grade, Eastman
ChemicalCo.) . .

HEMGC = hwdrongropyl methyl cellulose {Methocal®) Dow
Chemical Co,

CMEC = carboxy methyl ethyl celiulose {Fraund mdusirial
Go. Ltd., Tokyo, Japan)

. Exarnple 1

in this exampie, a methad is used to scregn a candidate ipophilic
microphase-forming material for suitability in prewdding concentration-enhancement. A
simulated intestinal buffer solution was prepared by digsolving 6.8 g of potassium
phosphate monobasic in 750 mb of delonized water with 85 mL 0.2 M sodium hydroxide.
Water was added for a final volume of 1 L. The pH was adjusted 106.2 + 0.1 using 0.2 M
sodium hydroxide.

Mewt, a ipophifie micrephase-formning matarial was added {o the bufter
solution. 0,069 wi% polyethoxylated castor gil (CREMOPHOR RH40) and ¢.031 wt%
glyceryt mano- and di-caprylate (CAPMUL MCIM) were added to the buffer to form the
lipophilic microphase. 250 mL of the resulting solution was then added to a vessel in &
vanKel dissolution testing apparatus with autamatic sampling. The solutlon temparature

was maintained at 37°C, and Stirred with a paddle speed of 30 rpm.
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After equilibration to 37°C, 120.3 mg of Disperslon 1 was added o the
buffer containing the lipophilic microphase, resuiting in a theoretical Drug 1 concentration
aof 120 pg/ml, if all of the drug had dissolved. Samples wers collected at 5, 13, 20, 35,
45, 80, 75, 80, 120, 180 and 1200 minutes, sertrifuged for 1 minute at 13,000 G, and
then araiyzed by mgh-perormance Yiguid chromatography  (HPLT) vsing & Waters
Symmetry G, column. The mobile phase consisted of 0.2 volth HPO, {in
water¥methanel in the ratio of 15/85 volfval. Drug concentration was calculated by
comparing UV absorbanse at 256 nm to the absorbance of Drug 1 standards. Brug
measured by HPLC includes frae dnug in solution, drug present in drugipolymer
aggregates, and drug in the lipophilic microphase. The rasults are shown in Table 4.

Controh 1
Control 1 consisted of dissolution of Dispersion 1 in intestinat buffer

without the lipophitic microphase-forming material.

2
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Table 4
! o I Dhug 1
Bxample f Dispersion Timne Concentration AUC
No. {min) (pgimL} {min*pg/mL)
1 1 9 ] o 0
5 | 42 100
1B 75 700
20 85 1,100
35 86 2400
* a5 | 87 ! 3,200
60 84 ', 4,500
L 75 85 ' 5,800
90 a1 7,000
L:mo 1 78 9,400
180__ | 74 14,000
. 1200 fa 86,100
Gontrol 1 1 o | 0 ¢
5 13 d
| 15 21 200
20 28 300
1 t 35 39 800
- 45 43 i 1,300
; 60 45 f 1,600
C 7H.. . . -8B ... 2700
50 59 3,500
120 64 5,400
180 59 2,000
1200 | A0 B 59,400

The concentrations of drug obtained in these samples ware used fo

detenmine the maximum concentration of drug {"Crmaner"} and the area under the
concantration-versus-time curve {"AUC") during the initial one hundred eighty minutes.

The results are shown in Takle 5,

Tableg &
I Lipophit/ AUCins
Exp. No. _ . Lipophilic Drug Cmaizo (min*pg/mL)
Y Dispersion | Drag Wicronhase Ratio funfmil ]
K 1 1" | Cremophor 8.3 87 14,000
— . & Capmul .
[ Control 4 1 nane - 84 9,000
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As can be seen from the data, the test performed with the lipophilic
microphase-forming material (Example 1) provided & Craeg that was 1.4-fold that of the
control, and an AUC,s that was 1.6-fold that of the contral, indicating that the kpaphilic

microphase-faming material is suitable for Use in the invention.

Example 2

This exampie demonstrates that the lipophilic microphase forming
material results In & significant amount of drug being presant in lipophilic microphases
and decreases the amount of drug present as precipitate. For Ez;:ample 2,4.0mg of
Dispersion 2 was added to Eppendor! tubes (in duplicate) containing 1.0 mL of
Deuterated PBS with the following lipophilic microphese-forming material: 1.08 mg
Cremophore RH4D and .50 mg Capmul MCM, The solution also contained 0.11 mg 3-
{trimeihyisilyl)propionic-2,2,3.3 - d4 acid, sadium salt ("TSP"; a deuterated NMR
referance standard). Wext, 10 pb of 2 1.41 mgimL ¥F tifluoroacetic acid standacd
soiution {"TFA") was added to each tube. The solutions in the tubes wers vortexed 1
minute, centrifuged 1 minute to remove bubblss, resuspended using a pipatte, and
transferred 1o an B rnm NMR fube. Proton and '°F spectra were recordad for separate

identical samples using a Varan Gemini 2000 NMR inatrument. By comparing the drug

F\JMH spéctra to the TFA standard, these spectra were used to detarmine the total
amount of Drug 1 present as free drug in solution and drug in the lipophilic microphase.
Drug in poiymer/drug assemblies was determined by subtracting the concentration of
highly mabite drug from the cancentration of total digsolved drug. Free drug and drug in
the lipophilic microphase together are referred to as "highly mobile” drug.

The pracipitate was analyzed by centrifuging the solution and decanting
the supernatani. The pellst was dried, then dissolved in DIMSO and analyzed by NMR,
The proton spectra was used to measure the polymer: drug ratio, and the conceniration
of drug in the precipitate was calculated from standards.

HPLC was used to determine the amount of tofa! dissolved drug in the
supernatant faliowing centrifugation. The drug observed by HPLC consisted of free drug
in solution, drug present in polymeridrug assemblies, and drug in the lipophilic
microphase.

The results of thess tests were used to deigrmine the amount of Drug 1 in
precipitate, in Mgty mobite species, or n polymesidiug assemblies in g solution of
Example 2. The results are shown in Table §,

Contral 2
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Control 2 consisted of Dispersion 2 in deuteraled PBS without the
lipophilic microphase.
Table 5
| Drugin
Highly | Polymer/
Drug in Mobils Drug
Exp. Lipophitic | Lipephilef | Precipitate | Drug | Assemblies
Mo. | Dispersion | Dru | Microphas Crug fugfeml} {ugfim {ug/mL)
g 2 | Ratio L}
2 2 1 ICremophe ! 130 50 400 550
ré&
Capmul R .
Contro 2 1 none - 270 <3 730
iz | ] i ! B -

These data show thal the compaosition of the present invention provided
concentration enhancement aver the control. Specifically, the concentration of drug that
[s highly moblle, rmeaning either prasent as free drug or presentin fipophilic
microphases, for Example 2 was at least 133-fold that provided by Control 2, In addition,

the precipitate ratio was 5.4 {270/50), N

Examples 3-8

Thess examples show concentration-enhancement provided by several
candidate lipophilic microphase-forming materials. For eash of Examples 3-8,
Dispersion 2 was added to a soluticn containing a lipophilic microphass-forming material.
Example 3 consisted of Dispersion 2 in solution with a mixture of sodium tauracholic acid
and 1-palmitoyl-2-oleyl-sn-glycero-3-phosphocholing ("NaTC/POPCY; 41 wifwt).
Example 4 consisted of Dispersion 2 in solution with NaTC/POPC and a mixiure of
Tween 80 and Caprmul MCM {40/60 wiwt). Example 5 consisted of Dispersion 2 in
solution with NaTC/POPC and a mixture of Cremophor RH40 and Capmul MCM
{(40/60 whiwt). Example 6 consisted of Dispersion 2 in solultion with NaTCPOPC and a
mixture of Cremophor RH40 and Capmul MCM (72/28 wtiwt), Example 7 consisted of
Dispersion 2 in salufion with NaTC/POPG and a mixture of Cremophor RH40 and
Arlace] 20 (75/25 witwt), Example 8 consisted of Dispersion 2 in solution with
NaTC/POPC and sodium lauryl suifate {SLS),

For Exampie 3, to analyze the concentration of Drug 1 that was highly
mobile using NMR, 18 mg of Dispersion 2 was added to 1.8 mlLs of deuterated PBS
containing O 5 wi% NaTC/PORPC, and the refarence standards TSP and "°F TFA. For
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Examples 4 thraugh 8, 0.1 wit% of additional lipophilic microphase-forming materials
were added. The resulls are shown In Tabie 7, Control 2 (Disparsion 2 in deuterated
PES withaut the |Ipophilic microptiase} is shown again for comparison,

Tabls 7
- " Highly
Lipophiles | Mobile
Ex. Drug Ratio Drug
Mo. | Dispersion | Drug | Lipophilic Microphase i {pg/ml)
{8 ; 2 1 NeTG/POPC 20 [ 130
| 2 1 NaTG/POPC + 2.4 249
{ Tween 80 & Capmul
5 2 1 NaTC/POPC + 24 328 !
Cremophor & Capmul
_ | (40/60)
& 2 1 _ MaTC/PORPC + 2.4 BE.Y
i } Cremophor & Capmu!
I Y 7 M S
7 2 1 NaTC/POPC + 24 78.4
. _ Gremophor & Arlacel
8 2 1 HaTCHPOPC 2.4 22.8
5LS
-ontrol 2 1 nane - <1
2 I L

The resilts show that addition of the lipophilic microphase results in
greater than 13- o 88-fold increases in highly mobile drug concentrations compared with

" the contral consisting of the dispersion alone. In addition, formulations with a lipophilic

microphase-forming material in addition 1o NaTC/POPC (examples 4 ta 8), showed
cancentration enhancement avar the use of NaTC/POPC alone (Example 3), with
concentrations of highly mobile drug 1.7-fold te 8.7-fald that provided by Example 3.

Examples 8-12

These examples demeonstrate concentration enhancement using several
different candidate lipophilic microphase-forming matsrials. |n these examples,
Disparsion 1 was co-administered to PBS containing the lipaphilic microphase-forming
material TWEEN 80 (Example 9), Capmul MCM (Example 13, Cremophor RH40
{Example 11}, or a 68/31 {wiiwt) mixture of Cremophar RH4%/Capmul MCM
fExarnple 12

For each of these tests, approximately 120 mg of Dispersion 1 was added
to 250 mls of PES containing 0.5 wité of the lipophilic micrephase-forming material.
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Table &
Brug 1
Exarmple Tirme Concertration AUG
No. Dlspersian {mnir1) {pg/ml) frin*pafml]
9 1 0 4] o
5 11 g
1B | 28 200
20 33 400
L35 52 1,000
45 64 1,600
P60 78 2,700
| 75 86 39500
| %0 | .8 5200 |
120 o7 8100
180 97 13,900 |
1200 | 91 110,000
10 1 0 0 g
5 73 200
‘_ 15 Bg 1,000
20 1 a0 1400
I 94 2,800
~ 45 54 3,800
L B4 5,200
75 91 6,600 |
a0 80 7,900
120 84 10,500
180 75 | 15300
1200 45 .l 76.700
11 1 o 1 0 | 0
5 | g 0
15 24 200 |
20 a7 300
‘ 35 50 200
45 B2 1,500
60 78 2,500
75 89 3,800
90 103 _ 5,200
REEE 114 8500 |
180 127 15,700
1200 144 153,800
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Table 8 fcontinued)
Drug 1 {
Exampie Times Concentration | AUC
No. Dlspersion (min} {pg/mL) i {min*hafml}
12 [ 1 [0 0 i 0
| & 45 00 ]
15 | 93 800 |
20 101 1,300 |
35 T 2900 |
45 112 4,000
e 113 5,700 |
- 78 112 7400
a0 112 5,100
120 113 12,500
180" ] 119 18,200
1200 125 138,700

The concentrations of dnig obtained in these samplas were wsed 1o
datarmine the Cpgaen and the AUC,,, during the initial one hindred eighty minutes. The

resuits are shown in Table 9. The results far Control 1 are shown &gain for comparison.

Tabe @
| | L Aauc
Exp. Na. Lipophilic | Lipophile/Dr | Crasaag (rmin” ‘;T;Lj
Dispersion | Drug | Microphase ] ug Ratio {po/mL} he

9 1 1} TweenB0 ; 417 87 T 13900
| 10 K 1 { Capmul | 417 94 T 15,300
TR 1 1 ;| Cremophor | 41.7 127 15,700

12 1 1 ) Cremophor & 41.7 113 18,200
Control 1 1 { nane L - &4 9,000

1 _ l

As can be sesn from the data, Examples @ through 12 provided Cracan
from 1.5-fold to 2, 0-fold that of the contral, and AUG,, from 1.5-fold to 2.1-fold that of the

control.

Examplies 13-15
These examples demenstrats eoncentration enhancement using Drug 2.

The dispersions used in these Examples contained zipraZidone in siiher the
hydrachloride sait form (Drug 2A), or the frée base form (Drug 2B). Table 3 shows tha
compasitions of Dispersions 3, 4, and 5 with Drug 2A or 2B. Examples 13 through 15
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consisted of Dispersions 3 thratgh 5 in solutions with NaTC/POPC as the lipophilic
microphase,

For these tests, 3.6 mg of Dispersion 3, 0.78 mg of Dispersion 4, or
0.72 mg of Dispersion 5, was added to microcentrituge tubes in duplicate, A suffichent
ameunt of each dispersion was added 50 that the concentration of drug would have been
apprivamately 200 pghml, i &l of the drog had dissoved. The tubes were placed in a
37°C emperaturecontrolled chamber, and 1.8 mL PRBS containing 0.5 wt% NaTGPOPC
was pddet o each Tespective Wbe, The samples were guitkly thied using & vortex
mixer for about 60 seconds. The samples were centrifuged at 13,000 G at 37°C for
1 mirnsie. The resuMing supernatant solution was fhen samplad and duted 18 by
volurne) with water/methanol (1/4} and then analyzed by high-performancs liguid
sheomatogramhy (HPLC) using 2 Phanomeneay Q0S5 20 column, The mobile phase
consisted of (.02 M KH.PO,, pH 3.0/acetonitrile in the ratio of 60/40 voitvol. Drug
concentraticn was caloulated by comparing UV alisorbance at 254 nm to the absorbance
of Drug 2A or 2B standards. The contenls of each respective tubse wers mixed an the
vortex mixer and allowed 1o stand undisturbed at 37°C unti the next sample was taken,
Samples were collected at 4, 10, 20, 40, 80, and 1200 minutes. The results are shown
in Tabde 10,

Cortrols 3-5
Controls 3 through 5 consisted of Dispersions 3 through 5, respectively, in
PBS without the fipophilic micraphase,
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Table 10
Drug 2 [
Exarnpie No. Time Conceniration AUC
Dizpersion {rrarr} fugiml) imin"ugimly
13 3 0 0 0
4 173 300
10 168 1,400
20 133 2900 |
R 108 5,300
R 59 9__5_0_0_
N N 200 249 :P 50,200
14 4 f Q 0
4 1 12 L 5]
10 1 24 7 100
20 43 .| 500
{40 47 1,400
j_ 80" 7 25 3,200
. | - Taae S 25,800
15 [ 5 0 0 1 0
J 74 [ 100
10 42 500
, 20 37 1 400
40 21 1,500
] 16 ___ 2,400
_u_ J 5 1700 13 18,500
T Gontoi3 ] 3 o T o - 0
|| A - B 60 _ |
10 21 200 |
20 24 400
40 ] 20 800
80 8 1 1,600
- . [ Ta00 _t x:‘-i_,&,_‘l@@ﬂ_
Control 4 )‘ 4 JI 0| 0 | 0
1 4 10 0
1@ 13| 100 —
20 15 : 200
N ; RE * 500
80 g 1,100
. 1200 4 8,000
| Control 5 o o _9_ .0
4 27 ) 100
10 k] 200
20 | 18 400
40 13 700
a0 7 1,200
I 1200 7 8 500

The concentrations of drug cbtained in these samples were used (o
5] detarming the Camer and the AUCs, during the initial ninety minutes. The results are
shown in Table 11, .
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Table 11
i 'I MIC,
Ex. { Lipophilic Lipophile/ | Copeo | (i sglml
Mo. Dispersion | Drug | Microphase | Drug Ratio | {pgiml) | mL)
13 _: 28 | NaTC/POPC 25 174 8500
| Control 3 24, ' none —- 24 } 1600
3
14 i 2A | NaTG/POPC | _ 25 47 3200
Control 4 24 none -- | 10 1100
4
| __ 15 5 28 | NaTC/PORS 25 74 2400
[ Control 5 2A nene -- | 27 1200
5

A8 can be s2en from the data, Examples 3, 4, and & provided Cyuee Were
7.2-. 29- and 2 ¥-fold that provided by each respective control. Examples 3, 4, and §
provided AUCss values that were 5.9-, 2.9-, and 2.0-fold that provided by each respective
contra,

- Examples 16-19
' Examples 16 through 19 evaluate several lipophilic micsophase-forming
materials with dispersions confaining different drugs and dhferent poiymers.
Examples 18 through 19 consisted of Dispersions 6 through 8 in solutibns with
NaTC/POPC or Tween 80 as the lipophilic microphase material. Table 3 shows the
compositions of Dispersions 8 through 5.

For Examples 16 and 17, 3.6 mg of Dispersion 6 or Dispersion 7 was
added to PBS containing 2 wt% Tween 80 {the Drug 3 congentration would have been
200 pg/ml if ail of the drug dissolved). For Example 18, 3.6 mg of Dispersion 8 was
added to PBS containing 0.5 wit NaTC/POPC (the Drug 4 concentration would have
heen 1000 pgiml i€ all of the drug digsolved), Fac Exampie 19, 1.8 my'of Disparsion 9
was added fo PBS containing 0.5 wt% NaTC/POPC (the Drug 1 concentration would
have been 100 pg/ml if all of the drug dissolved). Dissalution tests were parfarmed as
tescribed above for Examples 13 through 15, Dirug 3 was analyzed by HPLT using &
Waters Symmetry Cyp column. The mobile phase consisted of 0.02 M KHPO,,
pH 3.0/acetonitrile in the ratio of 80/40 volivol, Drug cancentration was calculated by
comparing UV absorbance at 208 nm fo the absorbance of Drug 3 standards. Drug 4
was analyzed by HPLC using a Zorbax SB Cqg column. The mobile phase consisied of
water! methano! in the ratio of 33/65 volivol.  Drug conceniration was calculated by
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Tabls 12
Prug
Example No. Time Concentration AUC
Dispersion (imin) {ug/miL} [min*pgfml}
4] 0 0
10 ] ! 143 300
10 63 1300
20 206 3300
40 242 7500
s 207 4B, M
| _ 1200 207 247,800
4] ' a 0
17 i 4 174 ) 300
10 193 1400
20 198 3.400
40 212 7,500
50 205 17,800
1200 | 217 252 200
0 0 ]
1 8 4 1019 2,000
10 832 8,000
S 1004 18,000
40 570 37,700
a0 o1 886,000
) ! 1200 288 779.400
| ] 0 0
19 # 4 94 200
10 95 8O0
20 85 7,600
40 [ 3,300
56 66 7,200
_ 1200 %8 63,800
. 0 0 ' [H
Control 6 B 2 159 300
R 149 1,200
20 148 2700
40 130 5,500
0 117 11,700
_ 1200 82 122,300
1] Q 0
Contral 7 7 4 51 0
10 31 200
20 43 600
40 58 1,600
a0 . B8 8,200
1200 173 148,900
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Tahle 12 {continued)
Drug

Example Mo. Time Gongentration AUC
Dispersion {mir} {ugiml; fmir*paiml)

0 0 0

Cantrol & 3 3 20 1900
i0 5az 4,400

20 | &01 10,400

40 | 620 22,600

80 594 52,800

i _ 1200 | 276 536,000

Control 11 | 11 0 0 0 .

4 70 100

10 64 500

20 5% 1,200

40 50 2,200

] 42 4,608

1200 1% 7,800

The concentrations of drug abtalned in these samples weie used to

determine the Gm;.‘gu and the AUCg during the initial ninety minutes, Tha results are

shown in Table 13.

Table 13
! Lipophite/ :
Ex ! Lipophilic Drug LI {m‘i':tlff;a?mL
No. | Dispersion | Dru | Polymer | Microphas Ratio {pgim )
| g e L)
16 6 3 CAP Twesn 100 212 18,000
Control G 3 CAP none -- 59 11,700
G
17 7 3 |HPMCAS- | Tween 100 212 17,900
MF
Control 7 3 |HPMCAS- none - &6 5200
7 " MF _
) B 4 (PPMCAS- | NaTCRO 5 1018 84000
MF PC
Control 8 4 |HPMCAS- nong - g20 52,800
] MF
19 9 11 HPMC MaTC/PC 50 a5 7200
PC
Contrgl | 9 1 HPMC none - 70 4600
g
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Example 20

Partition coefficients were measured for Drug 1 in PBS with the lipophilic
microphase-forming materials Gapmul MGM, a 2.2:1 (whwt) mixturs of Cremaophore
RH4D/Capmul MCM, Pluranic F127, TWEEN 80, sedium laury sulfate (SLS), PEG &000
distearate, MYRJ 59, Cremophore A28, and NaTC/POPC, using the following method.
First, highly mobile Drug 1 concentration was measured for solufions of crystalline
Drug 1 and varying concentrations of the lipophilic microphase matenial, ar with
Dispersion 2 (25 wi% Drug 1 with HPMCAS-MF). The concentration of Drug 1 versus
concentration of lipophilic microphase material was graphed, and the slope was used fo
determine the partition cosfficient of Drug 1 in the lipophilic microphase material from the
equation
[Drugligapie = [DrUGlee*Ko*Lszontie:

For axample, to determine the partition coefficient for Drug 1in a
2 21 wiw prixture of Cremophore RA3DCaprinul MO, 2.0 mg of crystaline Drug 1 was
added to 2.0 mL of deuterated PES conataining ™F TFA standard and 0.047 wtd,
0,088 wic%, ar 0.164 wi% of 8 Cremophore RH40/Capmui MCM mixture (2.2/1 wifwt),
Each solution was stimed overnight at 37°C. Highty motile Drug T concentration (fres
drug and drug in lipophiic mitrophases) wes measured using MR, The resulis are
shown below in Table 14.

Tabls 14
Highly-Mobile
Drug 1
CremopharefGapmul Concentration
{wi%) {pgfml) .
0.047 9
| 0.089 23
0.164 | 53

The slope of the data in Table 14, [Drudlppra. = [DrudfreetKe»Lipoptae. 15 38,000 Dividing
thia by [Druglre. 9010 pg/mh, gives a pastition coefficiant, K, of 3 800,000, Partitian
enefiicients for the remaining lipophilic microphase materlals were calculabed using
sirllar procedures. The summary of partition coefficients is shown in Table 15.

Table 15

L ,' Partition Costficient K, ]
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Lipaphilic Microphase Determined Using Determined Using
Matsrial {  Crystalline Drug 1 Dispersion 2
| Capmul MCM L - 141,000,000
Cremophor RH4U/Capmul MOM | 3,800,000 4,700,000
| (2,201 wiwi)
PEG 6000 distearats - 1,400,000
Cremophore RH40 ) - 740,000
If'.uwn'w; FAE 403 000 _ L
Tween £0 320,000 ]
[ MYRJ 59 I - 300,000
Cramophor A2 : - 200.000
 SLS 63,000 T
NaTC/POPC 53,000

The data in Table 15 show that lipophilic microphase-forming materials
with a wide range of partition coefficignts with Drug 1 are available. The data also show
that the partition coefficient measured for Drug 1 and a 2.2/ (wifwt) midure of
Cremophor RH40/Caprmyt MCW when using Dispersion 2 was greater than that
measured when using crystalfine Drug 1. This is because Dispersicn 2 provides an .

enhaneed free drug concentration {[Diuglus) over crystalling Drug 1.

Example 21

KIS O

Solutions containing Drug 1 in PES with lipophilic microphase-forming
materiais were anakyzed using light stattering {o determine e size of the ipophalic

microphases. To form these solutions, 3 mg Drug 1 was added fo 10 ml PBS containing

0.1 wi% Capmul MCM/Tween 80 {3/2), or 0.1 wi% Cremophor RH40/ Capmul MCM
{52}, and equiibrated overnight. Solutions wers fitered using 2 0.45 pm PTFE syringe

filter to remave any undlssolved species. Dynarric light-scattering of each of the
solutions was measured using a PSS-NICOMP 380 Submicron Particle Sizer, and the
size of lipophilic microphases in the solution was calcylated. The mean particle sizes
{characteristic diameter) for the bulk of particles in solution are shown in Table 16. (The
valye reported is a volume-weighted mean, assuming a gausslan size distribution, with
approximalely £5% of the particle volums being within about 20% of the reported slze.}

Table 16
L rh_" DLS Maan
ipophilic .
Microphase Lipophiles Drug Pariicle Size
0.1 wi%) Ratio {nrm)
Capmul MCKY | 3.33 l 14.8
Tween 30 (3/2) | ]
Cremophor RHAG/ | 333 i 178

o=
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[ Capmul MCM {5/2) | | ]

Example 22

The concentration-enhancement provided by Dispersion 11, comprising
20 wi% Drug 1, 20 with Caprul MCM, and 80 wi% HPMCAS-MF, was determined using
NMR anaiysis as follows. A 9.0 mg sample of Disperslon was added to 1.8 mL of
deuterated PBS, and the reference standards TSP and 'F TFA, as described in
Exampie 2. The concantration of highly mabile drug provided by Dispersion 11 as
determined by NMR is shown in Table 17. For comparison, the results for Controt 2
(Dispersion 2 comprising 25 wit% Drug 1 and 75 wt% HPMCAS-MF} is included in the
tahle. These data show that the concentration of bighly mabile Drug $ provided by
Dispersion 11, containing the pophilic microphase-forming material Capmul MCM, was
greater than 880-fold that provided by the control compaosition that did not contain the
lipophilic: rcropr@se-Tomming material, '

Table 17

Highly
C T T Lipophiic < Mohila
Exampiz Microphase-Formirg Lipophile/Drug Drug 1
Mo, Dispersion Material Ratio {ugiml)

22 11 Capmul MCM (Included 1 : gB0

[ in dispersion)
Control 2 2 none — <
Examplas 23-25

The concentration-enhancement provided by Dispersion 2, comprising 25
wi%% Drug 1 and 75 wt% HPMCAS when co-administered with various lipophilic
microphase-forming materials was determined as follows. A 7.2 mg sample of
Dispersion 2 was added 10 1.8 mL of deuterated PBS, and the reference standards TSP
and *F TFA to which had been added 1.8 g of the lipophilic microphase-forming
materials shown in Table 18. The concentration of highly mobile drug provided by
Dispersian 2 co-administered with these lipophilic microphase-forming matedals was
determined by NMR using the procedures outlined in Example 2. The results are
prasented In Table 18, as is the resull for Contrel 2. These data show that the
concentyation of highty mobile Drug 1 provided by Dispersion 2 and the vatious lipophilic
microphase-forming materials was greater than 2.4- to 360-fold that provided by the

control composition that did nat contain the lipophilic microphase-forming matertal,
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Table 18
Highly Mobile

Example Lipophllle Microphase- | Lipophile/Dru Drug 1

Mo, Disparsion Forming Material ! {pugiml)

Ratic
23 | 2 PEG Distearate 1 24
24 2 Cremephar/Caprmul 1 170
| (52 whiwt) |

25 2 Caprmul MCM 1 36
Caontrol 2 Mone -- <1

2

Examples 26-28

The concentration-enhancement provided by Dispersion 10, comprising 39 wi%
Drug * and 85 wilh CMEC whan co-administered with various lipophilic microphase-
forrring materials was dewermined as follows, A 5.1 mg sampte of Dispersion 10 was
added to 1.8 mL of deutsrated PBS, and the reference standards TSP and "¥F TFA to
which had been added 1.8 g of the lipophilic micraphase-forming materials shown in
Table 19, The concenfration of highly mobile drug provided by Dispersion 10 co- o
administered with these lipophilic microphase-forming materials was determined by NMR
using the procedures outlined in Example 2. The results are presented in Table 18, as is
the resull for Control 3, which cornprised Dispersion 10 without a lipophilic microphase-
forming material. These data show that the cancentration of highly moblle Drug 1
provided by Dispersion 10 whan so-administered with vasioue lipophilic micsophase-
forming materials was greater than 3.4-fold to 210-fold that provided by the control
composition that did not cortain the fipophilic microphase-forming material.

Table 19
' Highly Moblle

Exampie Lipophific Lipaphiie/Drug Drug 1

Mo. Dispersfon | Microphase-Forming Ratio fugiml)

Material
28 10 _ PEG Distaarate 1 34
24 10 Cremophor/Capmul 1 120
_ (82 wifwt}

28 10 Caprmul MCM 1 - 210

Contral 3 10 none - e

Example 25
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This exampls demgnstrates a lipophilic microphase-forming material
adsorbed to a solid substrate.

The linophilic micrephaseformring material was adeorbed © a sold
subsirate as follows. First, & quantity of calcium silicate (Zeopharm® 804, avafable from
JM Huber Carporation) was drisd in 2 vacuum oven at a temperature of about 100°C for
5 hours. Next a 6&:31 {wt/wt) mbdure of Cremophiore RH 40:Capmul MCM was
prepared. The materials were warmed sufficiently to become liguid, and 8.9 g of
Cremaphore RH 40 and 3.1 g of Capmul MCM was added to a vial. The mixdure was
warmed to 37°C with constant stiming. The mixture was diluted by adding 10 g of
methanol {1:1 mass ratia). The resulting sclution was agitated and then stirred &t room
termperature. 1.1852 g of the Cremophore RH 40:Capmul MCM solution and 02015 g of
calcium silicate were next added to 8 vial, The materals were mixed to form a slurry and
then allowed ta dry in a fume hood at room temperature overnight. The vials were then
placed in a vacuum desiccator and allowed to dry for about five hours ta remove residual
rethancl. The resuiting material was & dry, freely flowing powder having a welght ratic
of lipophilic microphase forming material e solid substrate of about 3/1.

Examples 30 -3

Compositions comprising a solid amorphous dispersion and lipophiiic-
microphase forming material adsorbed onte a solid substrate were dissclution tasted o
determine whether the composition provided concentration-enhancement,

For Example 30, 7.2 mg of Dispersion 12 and 12 mg of the adsorbed
lipophilic micraphase-forming materlal of Example 29 was added to microcentrifuge
tubes,

For Example 31, 3.6 mg of Dispersion 12 and 12 mg of the adsorbed
lipophilic microphase-forming material of Exampie 28 was added to microcentrifuge
tubes.

Far Example 30, a sufficent amount of dispersion was added so that the
congentration of drug would have bean approximately 980 pg/ml, if all of the drug had
dissolved. For Exarnple 31, & sufficient amount of dispersion was added so that the
goncentration of drug would have been approximately 480 pg/mL, i all of the drug had
dissolved. The fubes were placed in a 37°C ternperature-controlled chamber, and
1.8 mL MFDS was added to each respective tube. The samples were quickly mixed
using a vortex mixer for about 30 seconds. The samples were centrifuged at 13,000 G
at 37°C for 2 minutes. Tha resulting supematant 5olution was then sampled and diluted
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1.5 {by voluma) with methancl and then analyzed by HPLC. The contents of each
respective tube wera mixed on the vortex mixer and allowed to stand undisturbed at
37°C until the next sample was taken. Samples were collected at 4, 10, 20, 40, 80, and
1200 minutes. Tha results are shown in Table 20.

Controls 10 - 13

Control 10 consisted of 7.2 mg of Dispersion 12 but no lipophilic
microphase-forming matertai,

Contral 11 consisted of 3.6 mg of Dispersion 12 but ne lipophilic
microphase-forming material.

Control 12 consisted of 1.8 mg of crystalline Drug 1 and 12 mg of the
adsarbed lipophilic microphaseforming material of Txample 28

Control 13 consisted of 0.9 mg of arystalline Drnig 1 and 12 mg of the
adsorbed fipophilic micrephase-forming material of Example 29.
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Table 20
Drug 1
Example Neo. Time Concentration AUC
Dispersion {min} | fugrml) {min*ug/mt}
20 12 ) O b o ]
4 850 1,710
10 817 6,710
20 775 | 14,600
40 741 28,700
90 _ | 739 56,500
31 12 ] 0 g 0
4 407 821
10 382 3220
20 T 7,70
40 362 14,500
a0 357 32,800
Control 10 12 ¥ { 0
4 188 364
10 432 2,200
20 728 7,960
40 768 23,000
; 80 681 58,800
Control 11 12 0 0 . i}
4 -8l 104
10 227 1,170
20 354 4,080
40 369 11,300
ac 07 28,200
Contral 12 nane a 0 0
4 5 11
10 5 37
20 5 83
40 5 182
90 | 5 453
Control 13 none 3] 0 0
4 3 g
10 3 27
20 3 61
40 4 137
| 4 I 333
The concantrations of drug obtained in these samples were used to

determine the Cpuse and the AUGy, during the initial ninety minutes. The results are

shown in Table 21,

Table 21
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Fx. Linanhllic Linaphilel | Crem ( m;";mj”mu
Mo, Dispersion | Drug | Microphase | Drug Ratio  {ug/ml) Hd
30 12 1 Cremophar! 5 850 56,600
Capmul
Control 12 1 nane - 70 58,300
L
Control nong 1 Cremephar? 5 6 450
i2 Capmul .
31 12 1 Cremophat! 10 410 32,400
Capmul_
Control 12 1 none - 270 28,200
11
Control nohe 1 Cramophor! 10 4 330
13 Capmul |

Cambining a solid amerphous dispersion and adsarbed lipophilic

ricrophase-forming material provided graatly enhtancad drug concentration relative to

5 controls consisting of equivalent ameunts of crystalline drug and lipophilic microphase-

forming material. As can be seen from the data, Example 30 provided a Crayyw, that was
1.1- and 142-old that provided by Controls 10 and 12 respectively. Example 31
. proaided 8 Coaen thal was 1.1- and 102-i01d that provided by Contrals 11 and 13,
respectively. Example 3¢ provided an AUCy, that was 1,1- and 148-fold that provided by
10 Controls 10 and 12 respectively, Example 31 provided an AUCey that was 1.1- and
98-fold thal providad by Controle 10 and 12 vespactively,

Example 32
A combination of a solid amorphaus dispersion and adsorbed lipophilic-

15  microphase forming material was dosed to aqueous solution and analyzed by NMR

Lsing the procedure of Exampie 2 to determine the amount of highly mobile drug that

was present in aqueous solution, compared with dosing a dispersion alane.

For Example 32, 7.2 myg of Dispersion 12 and 12 mg of the adsorbed
]'I'pc:philic microphase-forming raterial of Example 29 were added to 1.8 ml of partially
20 deuterated PRS containing 0.5 wt% NaTC/POPC and a TFA standard (0.0013M F),
Samples wera hald at 37°C and vortexed for one minute and then transfeired to an §mm
NMR tubs. The concentration of drug was determined through integration of drug peaks
and comparison with the TFA peaks.
Confsed 14 was the same as Exarmple 32 but contained no adsorbad
28  lipophtlic microphage-forming material.

Results ara shown in Table 22,
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WO 02063833 78 PFCTABOIAN33S
Table 22
| | Highly
Lipophilaf Mablle
Ex. | Drug Ratio Drug
Mo, Dispersion | Drug Lipophilic Microphase fugiml)
32 12 1 Cremaphor/Capmuyl 5 614
Control 12 T none - - 14
14 | |

© The results showed that addition of the lipophilic microphase forming material resufted in
a 454fold increase in Mighty mobile drug concentrafion comparsd with 1he control

consisting of the dispersion alone,

The t&rmns and descriplions wihich nave been employed in the foregoing

specification are used therein as terms of description and not of limitation, and there is

ne intention, in the use of such terms and expressions, of excluding equivalents of the
features shown and described or pottions thereof, it being recognized that the scope of

the invention is defined and limited ty the claims which follow.

R X
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CLAIMS

1, A composition comprising:
{(a)  asolid amorphous dispersion comprising a law-solubility drug and

a concentration-enhanding potymer;

(b}  alipophllic microphase-forming material, said composition having

& mass ratic of said fipophiiic rmicrophase-forming matertal to said

cw-solublilty drae of from Q.1 tg 100

{ch said lipophilic microphase-forming material being present in a
sufficiant amount so that said compasition provides concentration
enhancement of said drug in a use environment relative to at least
one of a first contral compesition and a second control
compasition; whenein

{f said first control composition consists essentially of an
squivalent amolnt of said solid amorphaus dispersion with
rio lipophlile microphase-forming material prasent,

(i)  said second control compasition consists essentially of an
equivalent amount of said Yow-solubility drug in
undispersad form with an equivalent amount of said
lipophilic, microphase-forming material but with no
concentratian-enhancing polymer, and

wherein said fipophilic microphase-forming material is water immriscible and said low-
solukility drug has a partition cosfficlent K, between said vse environment and said
lipophilic microphase-ferming material of at least 0.02 wi%/ Syee, Where Sy is the
maximum aquecus solthility of said low-solubility drug in wid.

2 The composition of claim 1 wherein said lipophilic microphase-forming
material forms lipophilic microphases in said use environment having a characleristic
dlameter of less than about 10 um.

3. The compesition of claim 1 wherein sait lipophillc microphase-forming
materia] is selected fram the group consisting of medivm-chain glycary! mono-, di-, and
tri-alkylates, sorbitan esters, long-chain fatty aleohols, long-chain fatty-acids,
phasphollpids, mone and digiyeerides of capric and caprvlic acid, polyoxyathylens &
apricot kernel oll, polyoxyethylene com all, propylens glycol monolaurate, propylens
glyeol dicaprylate/caprate, polyglyceryl, sorbitan estars of fatty acids, giycaryl
monocleate, medium chain trigiycerides and Jang chain triglycerides, and mixtures of

Rl
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mong-, di-. and triglycerides, or lipophilic derivatives of fatly acids such s esters with
alkyl aleohals, fractionated ceconut gils, vegetable oils, fatty acid esters of alkyl aleohols,
altohols, polyoxyethylens alkylethers, fatty acids, glycaral fatty acid monogsters, giycerol
fatty acid dlesters, acetylated glyceroi fatty acid monoesters, acetylated giycerol fatly
acid diesters, lower alcohol falty acid esters, polvethylens glyeol fatty acid esters,
puiysinylens giycol glycero) fally acid esters, polypropylene glycol fatty acid esters,
polyoxyethylena glycerides, lactic acid derivatives of monoglycerides, lactic acid
derivatives of diglycerides, propylene glveo! diglycarides, sorthitan fatty acid esters,
polvoxyethylene sorbitan fatty acid esters, polyoyethylene-polyoxypropyiene block
copolymears, transesterified vegetable oils, sterols, sterol derivatives, sugar esters, sugar
ethers, sucraglycetides, polyoxyethylene vegetable oils, polyoxystivlens hydrogenated
vagetable oils, reaction products of polyals and &t least one memper of the grotup
consisting of fatly acids, glycefides, vegetable oils, hydrogenated vegetablg cils, and
sterols; and mixtures theréof. '

4. The compasition of olzim 1 wherein said solid amorphnué dispeision and
said lipophilic microphase-forming material are both present in a single dosage form.

5. The compesition of claim 1 wherein said low-salubilify drug has an
absomtion rate constant of at least 0.00% min™.

8. The compaosition of claim 1 wherein said lipophilic microphase-ferming
material is prasent in a sufficient amount so as to provide a concentration of highly
mebile drug that is at [zast 2-fold that provided by at |east one of said first control
composition and sald second sontral compasition.

7. The composition of claim 1 wherein seid composiion provices a
maximum concentration of dissolved drug in said use environment that is at least 1.25-
fold that provided by at least one of said first control composition and said second control
composition.

B. The compogifion of claim 1 wherain said composition provides a
dissolution area ynder the curve in a Use envircament for any 80-minute period between
the time of introduction to the use anvironment and 270 minutes following introduection fo
the use anvironment that is at least 1.25-fold that proviged by at least one of safd first
control compoesition and sald second contral compaosition,
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3 The composition of ciaim 1 wherein sald composition provides a relative
bioavailabiiity of at lsast 1.25-fold relative to at least one of said first control composltion
and said second control compasition.

10.  The compasition of cfaim 1 wherein said composition provides a
fed/fasted relative bisavailabllity ratic of rom 05w 2.0

. The composition of claim 1 wharein said composition provides a
precipitate ratio of at ieast 1.25-fold relative o at lsast one of said first control
compasition and said second control composition.

12.  The composition of claim 1 wherein said composition provides
concentration enhancement of said low-salubility drug n said vse environment relstive o
both said first control compasition and said second control compasition,

13, The composition of claim 1 wherein said drug is selected from the group
consisting of antihypertensives, antianxiety agents, anticietting agents, articonvulsants,
blood glucose-lowering agents, decongestants, anfihistamines, antitussives,
antineoplastics, beta blockers, anti-inflammatories, antipsychotic agents, cognitive
enhancers, anti-atherosclerotic agenits, cholesterol-cedusing agents, anticbesity agerts,
auteimmune disorder agents, ant-impotence agents, antibacterial and antifungal agsnts,
hypnotic agents, enti-Parkinsonism agenis, anti-Alzneimers disease agerts, antibiotics,
anti-cepressants, and antiviral agents, glycogen phogphoryiase inhibitors, and
cholesterol ester transfer protein jhtibfiors,

14.  The composition of claim 1 whersin said concentration-enhancing polymer
is setacted from the group consisfing of hydroxypropyl methyl celluloss acetate
succinate, hydroxypropy! meftyd callulese phthalate, cellulose acetate phihalate,
cellulose acetats fimellitate, carboxymethyt athyt cetiulose, and rydrowypropyl metin
cellulose, poloxarners, polyvinylpymolidone, palyvinyl alcchols that have at Isast 3 portion
of Wheir repeat units in hydrolyzed form, and mixtures thersof.

15, A methad for co-administening a solid amorpbous dispersion and a
linophilic micrephase-forming material /7 vivo, comprising:
(a)  forming a solid amorphous dispersion comprising a low-solubility
drug and 3 cancstittatinn-enhancing polymar:
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providing a lipophilic microphase-forming material, whersln a mass

ratio of said lIpophilic microphase-forming material to said low-

solubility drug is from 0.1 to 100;

administering said solid arnorphous dispersion and said lipephilic

micyophase-feiming miaterial in a suffitisnt amount so as o

provide concentration enbancement of sald drug in a uge

envlronment relative to at least one of a first control composition
and a second control compasition; wherain

(i} said flrst control compasition consists essentially of an
gquivalent amaunt of said solid amorphaus dispersion with
no lipophilic microphase-forming material presant;

il said gecond control composition consists essentialy of an
equivalent amuount of said low-solubility drug in
undispersad form with an equivalent amount of said
lipephilic, microphase-forming material but with no
concentration-enhancing polymer; and

wherein said ipophilic microphase-farming material is water immiscible and sald low-
solubllity drug has & partition coefficient i, between said use environment and said

lipophilic microphase-forming material of at least .02 wi%h/S e, where S,y is the

a0 maximem aquecus solubility of said lew-solubility drug in wids.
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FILASH FLAOA FORMED 501.L.0ID
DELIVERY SYSTEMS

This is a division of L, Sor. M. (A8T 794, filed Jun.
T, 1995 now L1LA. Pal Mo, 5549417, which in urn is a
divisioo of U5, Ser. Mo, DR209,679, s Tul 1, 1994 now
pending.

FILDax O THE INVERTION

Thie prosent invention tlaics W delivery sysienem for
actives in the form ol diserete colilies which comprise a
soflicl suspension ol 8 non-fat soligl substeate i g solod far
These cofiics apg formed vsing fash low processiog in
comnalion wilh o Muid disruplive Tomee oo fann discrste
spheraids ol 2 solid suspension.

BACKGROUNTY OF TOLE INVENTION

The proccssing ol malerials using extrusion leghniques
and Apray nozxles bas beon wsed for many years, In
particular, in dbe food, cosmerie and plarmaecitical
amebuslry, mgestible inpredienls have Teen subjecred 1o 3
number of differen proccasing fechniques wherehy the
ingredicnls are transtoemed Jrom iheie original situetore into
4 new form, Such iransformation is usweally throuph the
applisation of pressore and bueal, as well as vacious solvents.

There are many forms of spray drving which hyve becn
weedd DT the years 100 o vanery of applicalions, Yo Beoural,
apray drying velees the atmmizglion ol a feedstock in
aquedUs solulion joth & spray, followoed by contael with a
cleying medivm, e ain, which resulls i owisiure cvapora-
Gon and dried particles. The atoniZatim of 1 feed inle a
spray Tesults i the broakup ol the Hguid o droplets which
are ther origd as ey ate suspumded ing medien ol wim
or hot air. The nozeles Mmom which 1he spray coanates can
be selected from a vaciety of different shapes and conlfign.
rations and can produce o number of different sffects. For
example, the Borces vmanating fram the spray nozele can be
ventrifugal, pressurs, Kioctic or sopie, Mozzles, which are
generally comical in shipe, £an have grooved cores, switled
chambers or other gueermstric deaipns whick impart a spect e
ellect of chiracier on the liguid as i1 is forecd through the
orificg.

These different desipns have been stacicgd cxlensively,
with the resolt heing that Tils s aztually woderstond witl
respect D e subtleties of droplet formation in spray devinge
cauipment. While a pumber of theories bave Iween advanced
o gxplain the Formation of deoplets and their variation, the
complexily of droplet farmation bas deficd precise empirical

cofrelation. In fact, Jepeoding om 1he pressurce, type of liguid s;

ured and podde vype. Dby penern) tenclusoms have Teen
reported o e Kleralure, Sweh conclusjons mclude the
observation ihal 1he dischange velogity of the dooplet Trom
the pozale greally impacts the fincocss and sizc distribwion
of the resulant droplets. Additionalty, it is recommerded by
gorne xperls thal the Test atomization 8 obixined by keop-
ing the dihargs velocity of fhe Tiquid Trom the pody
abpwe 4 cerrdin minimum,

In stddifion 1o the deying sfeps involved in stapdard speay
drving provessing, spray chilling or spray congealing of
materials hus also been widely used. For example, it is
kemowen o take Tars which arc 2olid at room emporaruce, mel
them o & liguid and spray them from a novels ine 2 conled
chamber whepe tie dooples solidity, In these processes, 1he
lal 7% subjecled o lemperatmnes Tor @ relatively sjgnificant
ameunt of time such that the Tt is alwove ils meltiop, poant
and in 1he molten s, These comditions ire oeeessary 10

W

u

=]

45

]

ul

35

2

proporly process the (ol ot congealed deoplels and 1o
prevent clogring of the provessing cquipmen,

There are several driwhacks Lo comwnlional spray drying
o spray congealong methods. Fieat, these processes resyll in
subjecting the material 10 be peosussed 0 a significant heat
histriry, which i the vase of heat sensilive maierials is
wraceeplable. Por example, in the case of highly valails
Navor oils or heat sensitive sacelenees such as aspartaim,
CxposUre Lo heql canscs loss nl their ability to fully pertorm.
W sty applivs U phiantnacenionks whieh loss thelt sk -
ity if expoewed o execssive heat- Additionally, the heatiog
chambers whach ary tequired 1o evaporate the waler or other
sohvent inconventional spray deving methods are costly amt
ine it e,

Seconl, spray drying s commenly eonducted in aquenus
medin whereby the water s cemoved during the drying
process. The use of water o ofher solvenls rgguircs exiea
e useres wilh regpect o processing and disposal equiparlent,
all af which also add to the eost of the process and system,
and provenis the inecepaoration of watcr sensilive Malcrals.
Aglditionally, spray deyimg is o reladive |y lw ouipul process,
equiring high antownts of energy 0 evaperate 1he water
This, of course js energy incAwient,

In spray drviog and spray ooogealing proccsses, the
lewslslock matcrial s Beted o i3 molten stalc 0 a tixing,
vat aned pumped into a feedline which s compected 10 a
vk The focdline and novade oest be Teps st cloveted
lemneraturs o kecp the feed marterial flowing,

In the case of (s which are sobid b coom temperatine,
sulficient ear most e applicd o keep e fat in the liguid
slale, both in the mixing vat as well as duning 18 [runsport
to the mesezl e heael, 1o the case of spray dryiong, heat is furthee
applicd in the Iorm of oo atr which Is used 1o dry the
deoplets as they emanaie from the noeele,

The application of hear thmughout all phases of the
copventiona] spray drying and spray oongealing processcs is
woally and requires controd [eatures which musl be moni-
rareed. ﬁdclitional]y, b armemnt nfspacu rueuirael to conduct
the conventional proccsses is large and thorefore costly. This
ix due 1o the need for 3 large volome vsed to dry or cool he
parlicles, fypical of the fluidized bed type provesses,

Furiberoare, conventional spra¥ drying or spray congeal-
ing processes require ihe feed malerial to si for relatively
Lo, ptionds, s hoes, b the Towid miate wihile they are
waitimg W be pumped Inte the feedlines and subseqesntly
sprayod. This walling peoiod crestes a heat history which, as
provicusly discussed, is delelerions o haal sensitive mate
rials which may ba present in the fecd material, e.g. volatile
flavor vils, buul sensilive sweetcncns and phammaccuticals.
FOrTLtnone, the SOTHTREONEY processes Teynits diapoersiog
apenis 10 keep components in {he molten mixture [rom
seitling owt price to and during pumping o Lhe nozzle.

Additionally, i prior an spray dryiog or congealing
roelheals variables such az pressuce, lemperatuee, aozzle type
and malerial type must be balanos 16 prodece 3 consisient
purticle sizc. These variables are such thal it makes predict-
ahility of the chacacter ol the linal product ditFicult ul best o
determing. Additionally, even under the best of conditions,
upiformity of content of 1he particles is nol necessarily
contrellable. Pacfieles formed from spray drying or spray
congealing can only bave woiformity of content i1 ey are

the mame sixe and are made feoam 2 homogenows mixtuee of

ingredients, i.e. a blend of materials,

Muore recently, an apparatus eod methisd for processing
Jegtlstock has been descrihed Ty Do Richard Tuisx o
copending LS, Ser. Mo, 07963,804 entitded »Progess For
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Making Shearform Matrix™, This applicalion relates to a
wnigue process and apparales for making & Jpalriz usiog
Auid shear force. The process involves controlling the tem-
peralure ©of a fecdstock which includes 2 sulid non-
solulvilized varrier material W the poinl where the feedsiock
undergoes intermal Mow, The Rowing material is theo cjected
a5 4 streant under pressure from an oeifioe which is then
disropled by a fluid stear Morce as it emanates Irom he
orfice. The Auid shear foree is prefecatsly air, This applica-
fion describes apparalus which s usetul in the prescot
invention amd is ineorporated berein by efercnce.

The present imveotion seeks w improae on fhe priT m
lechoigues of spray diying or spray copgealing and over-
come the disedvaniames associated wilk (hese Leehorpmes. &
new Tomm of prodogt bas becn discovercd waing Gasts Now
processing technigues. This new lorm has been lermed a
“golleid™, the dehipdtian of which is diseyssed further herein.
The solleids of e present mvention are solil suspensions,
i solid suspeoded in g solid, which are Foomed by using
Hash Now processing and dismplive fTuid shear forees 1o
Eormn diserele, amiform sphoroids under extremely low pres-
sures gs compaced @ lhe pror anl processes, and with
rodmirmal expesune W hoad The presenl jowcntion secks o
avoid wmperatures above thoss which are necuessamy o
achiswe o fow womdiion of the it mwserial belng
proeessed, which in most instanees will be below or ¢lose 1o
the melting point kemperature, The tempueraure required 1o
create the dew condition, howeyer, nuest aol Iz such that i
reaches the melting point of the non-fat solid sobstoae in the
lal mairix. Additienally, the time period during which ibe
fredstock maleriq] is subjocied to these lemperalures is vory
shiort, i.e. on the order of teaths ol g second in the Bash hoear
method amd oo the order of sceonds i the Bash shear
methed.

SUMMARY OF THE INVENTION

e preseol inventon relates o a aneibwed ol feronng 2
moI Rusponsion hereinaier 1ermed o soithod Tor deliver-
ing actives. The medusl includes: a) providiog a mixlures of
a mon-Tal sobid substrate having an aclive associzted thene-
with and a solid fat which s selidifable at eoom lermperaters
and having a e posind losrer than the melling point of said
pon-fal solid substeale, amd by subjecling Sueh miclune o
canditions of Bash ew wherein such mixtur is heated to a1
least a femperaiure snfficienn o cavse saisl Ml (o undergo
intraparticle flew but below 1he melting point ol the solid
subsstrate amd » clismuptive foree is applicd 0 said heated
mixture ot cadse saicl maxture o foom disercte solloods.

For pueposes ol 1he present imvention, te teem “solloi
will cefer [ Lhe resmliant produst foced By subiectioe =
composilon, Bo. a solid own-lzl subsirade i oa solid Fat,
which has becn flash fow processed, g dismuplive focee,
soch as the frictional forces of gas, which distepts he
coolmuity ©f the materin] into discrele spheroicla] shaped
eotitivs, The lerm alse reloes 1o the product Formed by
subjecting the above-mentioned eomposition to conditicns
of facce and lemperaturs sufficient o create indrapanicls
flow of 1he fat and applying sulicienr Nuid disoupiive fo
to create and miindaio discoele sphereidal shaped entities of
a selid sesprension. The solloid (s used as o delivery systen
for actives and is particularly uselul in ingestible producis
guch as comestibles and pharmacenticals, and the like, as
Wil ws CoRTnELCs, Ve compusilions of (he Tresent mvention
are of parlicular wse as a delivery system for {lavors,
sweeleners and acichulams o chewing sum aod conlection-
eIy composiions.

Additiomally, Ibe presenl invendion is direced o a com-
position & mater which comprises o plufality af sulloids.
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The solloids comprise a solid suspension ¢f 2 solid non-fat
substrae having an aclive associaled therowith dispersed m
the material which (s salidifiable sl roum wwmperatuee and
having an intraparlicles flow poinl lower dan the melling,
pinl of said salid non-fat substeate. A predeminaot amonnt
of ihc solinids have sulstantially 1he same active conlent and
al Teast aboul B0 or more and peeferably aboul 806 of
thuse selloids bave a mean diameler pacticls s, less than
aboul 300 te about 400 micims.

The process of the preseol invenlion wiilizes Hash How
proessing, 0 combination with the application of separate
dismuptive fluid shcar forces which aps applicd & ibe feed-
stowk immediately upon reaching e fTow condilicn. Wis an
uriporlant Jealuee of this invention 1bat an infimale mixtuee
of rhe selisl nom-fa0 substratc and the Fad be maintained and
preserver [hromghow the procoss in geder B result in the
produstion of solleids, Thus, the application of temperare
and indtial lorce ae such as oo crcate an islernal fow
comdition of the fa. The disrupiive foee spplied subse-
quently 1o creale solloids must oo be so greal 45 10 desieoy
nr scparare 1be selil non-far substrate sodpended oo the
Nevwable Tat material,

The ferm Aash low bas become recognized in Lhe an as
rufurring 1o cunditions af lemperatune and force reguired fo
tragslorm 8 solid edsiock having 2 ceraio morphological
andfar chemical strugture, g new solid having a differem
morphological andsor chemical strucire wilhout subjecting
the solids 0 & heat histore or elher cequircmenis mberent in
exirusion processing. 1he term Nash {low s desoribed
co~ownced U.S, Pal Mos. 5,230,734, issucd Aag, 17, 1903
and 3,238,096, isswed Aug, 24, EDD3, ag woell 25 co-pentling
U5 Ser Mo, U7TR7.245 filed Nov. 4, 1991 and U5 Ser.
Mo Q793,130

The ferm {lash Aow reters 1o subjocling 20 appropriste
feedstock & wmdilions of temperatune and force which
maees 3 sobit fecdsivel o vnderge rapidiy woeh phvsical
andior chemical transformation. The [Tash low of the feed-
stock may be sccomplished clther Ty & Mash hoal progess ar
by a flash shedr process.

In the flash beal process a sheacform maloix can be lormed
by spinning @ feedsiock ina "eolbon cancdy™ fabricaling lvpoe
machioe. The spiooing machine wsed (o achieys a Qash keal
process can be a couan cundy type machine, such as the
Eeono Floss Model 3017 manufaciured Ty Gold Metal
Products Company of Cincinnati, Ohin, 2 machine having 2
coiled heater element as discloscd n Uk, Ser. Moo 954,257
filed Sep. 30, 1992 {herein incorporated by refcrence) and
the like. h will he appreciarce by those skilled i the e that
any apparalds or physical poooess which provides similac
forces and temperanig pradicnl Condilions can also be used.
Vor sintplicity i dizclosing and describing this imvention,
the term flash heat will e understood (o mean a process
which inclades subjecting o fectlsbock w the commlanation of
tesnperature, thermal gradicols, [ow, flow raes, and
mechanical foees of 1 1ype produced in 8 cotlon candy
machine or the above-relercoced U5, Ser. M. 854,257, The
appararus % operated at ihe tooperatice and speed which
prurimils ash Desal ol the feedstock without deterioration of
any of ils ingrodients.

In the Mash heat process, the feedslock matena] is heated
gufticicntly to create an loternal ftow condition which per-
anils part of the fecdstoek o rmove ar a subparticle level with
respeet Lo the test of the muss and exit openings provided in
the porinuer of the spinning head. The ventrililgal force
ereated in e spinning head Hings the Howing, Fecdstock
material eulwardly feoom the bead so than il seforms with a

.Y,
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changed siruciene. The Forge cequired io dischange lowshlc
fecdstowk &y provided by the forees which resylt from ke
apirming bead, Unc flash end proccss has heen peed o
produce an amuorphons maire feom a crystallioe malerial as
discloscd in the alorememioned Fuisy palenis. [o the present
inveniion, the fecdsmok compriscs o mixture of o sodid
non-fat sobsirate and solid fal, which is then subjected 1o
heat sufficient 1o permit iotrapurticle flow of the Tal. The
centrifugal force {lings the feedsmek matcrial undergoing
intraparticle flowe inlo fhe air where the {retonal forees
porvided by the ambical air disoupt the swesn of such
matenial and the newly formed masses and lock the new
murphological structare in place, The cesultant product is the
spheroidal shaped solid suspension refermed ik o5 2 solloid,

In the ash shear precess, 2 sheartorm malcix is Poormoed by
raising the temperatore ol e foedsiwock materizl, which
includes s nop-zolubdized M, o2 poiol whers sad fad
undergoes inteapatticle Bow. The feedsiock is advanced and
ciected From am crioudar o sirmilar tvps of echiogey while
1he [at is wnderpoing imcaparticle Tnw wnd (s thel subjected
i dasruplive flujd shear forces o form meltiple parts or
magses which comprise the individual sphemidal solloids.

‘The solloads are substantially cooled immediateldy after
contagl with the fuid shear force and are permitted fo
comtinge in a frec-Bow or free-fall condition, wherehby they
arc ferther conled 1o privent individual solloids trom adher-
i i eaeh sibet dond w mamsn 2 Decdow comiiion.

The feedsiock material which can be used in g Qash shear
process inehces bur is nen lmitcel 1o a cacrier sneh as fas
amd other aleaginews matcrials.

It s impoctant that the feedstock seleeted for the lash Bons
process have the ability w be processed withowt reliance
upon dissolution. In the case of bt based materials, the
Feeibstonk 18 2 solid maleriz] 21 room tempecatuce, wiich s
Yhen swblected to the flash shear or Hash heal process, Mo
solvents or liguids are requircd W aliain the solleid orm in
gither of the flash shear o flash hest processus. These
processcs are soligl o solid processes which oceur rapidly,
with Little or ne heat nstoey during proccssing.

‘Ttie flash shear process can be carricd ol in an appareius

which has means lor increasing the lempeoature ©F 2 oon-
solubilized feedstock and means for simulaneously advan-
ing e (o ejection. Aonaltiple heating sonc twin egiouder can
e used For increasing the weropecaiue and advancing Feed-
shock. The seeond clement of 1he apparatus s a mesos fog
cjocting the fewdstock in a condition lor shearing i 1o
provide the sheaclorm matriz- The means for cjeeting is in
fluid communication with the means for increasiog the
temperalore and is arranged al the podinl o eccive the
leedstock whils it is o the tlernal flew condition. The
means [or cfecting the feslstock is preferably o nowele
which provides suflicicnt frictiooal gas foroe applicd o b
gjected fuedsiock stceam to diseupt the siream and form and
maiplain a sollaid,

Appuranus for flash shear processing of the {eodsmnck s
deseribed inco-ponding TS Ser No, 963 804, Giled O, 23,
1992, The mesns for sheaning is arranged prosintally o e
epector and is disposu o eflec he shear of ihe feedslock
while it is in the imtemal How condition, Prefecalily, the
means for shceariog is ibe mesns Tor deliveriop oid such as
air at suflicient velowily and at elevaled lemperafure againgt
the Feedstock strearn as it cxils 8 nogzle, Such a device can
bo an cxiemal alomizing nodels, The sicans tor shearing can
also be A chamber in which the vnvironment can be srain-
tained L fnluce shear upon 1be collision of a bigh welogily
ol a slream ol foedstock directed against a prosslectsd and
maintained envirenmcnt.
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BRIEE DESCRIFUION OF THE IRAWINGS

FIG. 1 shows miccopholographs ol solleids ol in
accordanes with Lhe presenl iovenotion.

FIG. 2 is 4 microphowpraph o' a cross-soction of a solluid
made it accoedance wilh the prosent inveotionm.

DETAILED DLSCRIPFTION AND PREFLERED
EMBODIMENTS

A previonsly diseussed, (he solloids of the present inven.
Yo s dserots wniformly aheped sphcoida) 5ol sespen-
sion delivery systems, The s0lid suspension incledes a
noun-lal selid substrate having ap active agent associited
therewith. The nom-[ai solid subsicate is suspended in o selil
fat matrix. The discrete sollods can be wsed in 2 variely of
produets such as pharmacesdicals, comestiblos, pemsonal
produets and the like, The solloids ars achigvable through
Mash flivw proccssing which may be either Hash sheae or
Tl Sst &% Torner deserinsd eTein. T advanages of T
present invention allow for Troth eniform delivecy and con-
roelled release of the active.

The aclive is penerally associaicd with the non-Tal solid
subsrrats wsually by simpie mixiog means. The lerm “asso-
clated with™ ineludes 1he imbibing of the aclive oo, coating
onbey 00 vniting witl the non-lat solid substrate. In cases
where the substrale is 3 porous madenal, (he active may T
a thied sech as a favor oil o other olvagendus materia)
which % capable of being imbibed ol the porous substrate.
Ax will be Turther described herein, [he substrate aeed nol
necessarily be porous in e sense of having mioro-channcls,
bl may be capable of imbibing or carrying the active, which
i prefvrably a malerial which (3 scesilive W heal s
AGUEITS proocssing condipons.

The selloid o and the dash Bow prooess are designed
1y he pooicetive of heat and solvent sensitive acives, 1o,
matcrials such as volatle flavor oils, arificial swectcners
amd drugs. The flash shear and Hash heat process allow For
formation uf solleids which have substangially wnilonm
shapu und size as well 25 conlent of active agent. The active
agent 15 preserved buoause (e flash shear and flash heat
proeesses vsed 10 produce the sulloid employ conditions of
wemperatuee and force which do nal jeopardize the integricy
ot clfectiveness of lhe active. Composilions o the prosent
invemtion ace processed with litle or no hear history e
prewsssing lime is substantially deoreased as cmmparced o
convenlional spray deying 20d spray congealing processes.
The temperatares io the flash Aowr process acc kepl as low as
pussible and the required beal is oniy that which s neccssary
to achicve a flowsble condition of the solid fal, Tur nsaf-
ticiently higl o melt the moo-Tal solid substrale.

The Oash Aow process has distinet advantyges over cxtr-
sion wehnwmes vsed Tor spray drying and spray congealing,
The prescol procuss ool only climinaes the disadvantages
assovisted with a beal histery, but also eliminaces the settling
aul nf components o the mixiuee prior W exioision aod
climinales the dispersion apuents regquired 1o provent scltling
vul, which are common to spray drying and congealing
processes due 1o the mehing aod mixing @nks which are
requited. Addinonally, convenlional spray drying and spray
conpealing processcs reguite a significan amownt of physi-
cal jrocessing rosm W be properly conducted. Ihis s
beoayse sinee the molten Juid from the balding amd mixing
tank must be pumped wnder pressuce up ko 4 iower height
such Lhal il can he sprayed downwardly into 2 cool envi-
rorement and allowed o dry ue congeal durng the Trec-Tall,
Mat only is such couipment a0d reed Gie urger quantitiss ol
space eliminated in the preescnt inviention, bt the times periond
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reguired 10 curry out the preccss i also signilicantly
dezeeased, Wiatves Ve coaventiongl pitcessing wis bavch
oricnted awd required significant waiting times before 4
verlain guanlily of the [vedsiock would be pumped apwart
into the poeele drea, 1he present jmventien & 3 contiouoos .
process which has no requirement for pre-meixing apd melt-
ing of the &obidd far with the non-solid, sehsirate. Mixiores of
the invenlive compositdon can be immedialely processed in
icnths of a second o the ¢asc of flash hear processing and in
sgonnds of af most penules ino e case of Hash shear
PIOCESSing.

The advamlages ol processing ltom solid o solid without
bemg moeliindg, TUSLGEeRce NIMES Lie uxImEely mportan. The
mventive compositions are added inlo cither 1he spinoing
hcad or the extowsion barrel and processcd al lemperalunes
sufliciont 10 allow the fal o flow, A posilive pressurc is
maintained during the prowess of fash shear, This positive
pressure promotes e mixiure to comedin stalile, Qe Qeewoen
agy setling-omt of the nom-Fal solid substrate inothe Tat
mairix. Scitling-out of mixue componenls is a common
occurrence in spray dryiog and speay congealing proccsses. 20
Tir overenims this problem, misers gre used nothe holding
wal. Additiooally, the positive pressuce ionthe exirader seoves
fo promore and maina e intimate contact belween (he
nan-lal solid substrate and the sobid fat during the bricl Gme
it ig in the cxtmsion barrel, In the ¢ase of Hash heat, the 25
procoss ooonrs under centrifugal fopee In cssentially {rac-
tiees of @ second and o selthing-out s likely o cocur

Inthe case of lash shear processing, once 1he compesilion
bas ravelled tbmugh ihe eximsion barel, @ s cailel
through a nuzle designed o direet a disruptive force
sufficient o form and maimain sallods from the flowing,
mixture. This Borcw is preferably a gas sticam, such a3 alc,
W 1 ditecred an e Towing mass as 1t exrls e extrudee.
The disruptive Force is sufficien! 1o create the Aowing stream
into ¢lisceele, spheroidal pacicles which are subsaotially 3'
unilherm o sise aod comtain substantially unifism cogtenl of
the active, Voroes whiclt are oo greal so as o gteip or
sopacate tas noesfat sodid substrate Gom Ve oseing {0 e
nal wontemplated as part of ks mvenuon, 1he ferge showld
b sufficiently great to form the solledd erntity bul not so Ersat A
as o sepacats e solloid componens,

[ 1he case of Qash heat processing, the spnning head s
souipped with o beating, eloment which provides sulfoiom
wnperafuee o gause the solid fal o Mow thiough the
aperlures of the spinning beal, carcying with i the pon-fa
solid subsirale contaiping the active, The fowahle mass
deforms syllivienly to o Rung feom the spioning head
wnder centeilugal force aod inlo the ambient aimosphore.
The cxiling mass v subjected o the fictional Forees of
ambient wir as i icavels from he spioning head, Mhese
Iriclicnal forces of airacc suflicien to teem aod maimain te
solloid as deseribeed benein.

The Following seocral composilions are usefue] in My
inventive sollodd comprsitions aod prooess;
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Compensnt U by Weighl of Composition
IFal ddl- 44
Muon-TsL Bubelme Lz -
Active nni-xi

FIGS. 1 and 2 depict microphotogeaphs of the present
invention, F163 1 shows the uniformity of sive and shape.
I3 2 shows the ®olid ien-Can substeate inside the solid Tal 68
malrix. [nterstices within the fal malrix orystals are sapparenl
Eroun the cross-seeiion,
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Fats which are vseful in the presont invenbion arc thoss
which arg supatantially solid al room Jemperaiice. Hydoo-
genated and partially hydrogenated vegelable and animal
Fats are arpong those uselul, For example, & parhial listiing of
vigeleble fars include hydrogenated oc parially hydroge-
nated cotcnseed oils, hydrogenated or partially hydroge-
nated soybean oils, hvdiopenaled or parially bedogesnansd
palm ails apd mixidres thercof, In adklition, these fals mav
be supplementgd with the mono-, di- and triglycesides of
fulty acids ag well as the propylene glyool mone end digsters
of [ats and fany acids. Animal f26z such as Laklow, lar aod
ather hydmgenated or pachislly hydrogensted verzions of
AL fals smay also e cigioved in the presenl invention.

Chher malrix matecials which are ussful include wases
which are sulid at room lempersture, For example, perm-
leurn wixes sueh as paratfin and microerysialline waxes and
the like miy be used, These malerials may e ussd alone of
eorithyimed, with, the Tut matcix.

Qither materials may be added 1o the solloid compositions
to modify the low peopertics, tcxtuee and taslc, For
example, medium chuin triplycecides, cmulsifiers, soficners
and the like may e cmploved, Yapor depressant addinves
may he added 1w volatile Bavor oils o aid o loss of favor
components, Medivm chain rinlicerides have been {nund 1o
e prarticulacly useful in suppressing vaporizalion of men-
tlsnl.

Thu pom-Eal solid sulwsirates may be selected feam a wide
varicly of materials which aee capables of binding to, being
crated with, upited Wit or Tiviing an acive subsianes.
One limitation, however, [s that the melung point of the
mdderial chosen for the ren-fal 30100 subsirate must be such
lkat il aloes pot mel ducing the Aash NMow proccss. This
means that the multipg poie of the nop-fal solid substrate
anusn B boeyond the Jlow point lemperaues of the solid 31,
There are several ccasons Tof IS requirement, one eing
it the ultimate produet degved from the compositions and
prowcss of the invention is 2 solloid, ie., a s0lid suspension
of 1he salid selwtcate in the solid Tat. Tf the substrate were
allewed o mell 3 blend would ocour and (he solid suspen-
"o wead vt e 8 solodd as defined bereln. Addnionaiiy,
the active agent which is assosiated with the solid subsirete
wernled alse biemd 1l the Tat, T3S e e pign of the present
invention do garty e active on 1he substeate such that i
remaing subslantially united with the solid sulsiran in the
solloid Foem. Whiles it is coticely possible thal a cergain
ammount of active may leach ovl of the substrale or of erads
migrate into the Bowable Far doring processing, s believed
thal & substaotial amount of the sctive remains intimaiely
associated with the substrate. The esultaon slloids benefit
fromt this characlensiic in that it provides Foe wruformity and
comen of the agive for each aliold, as well a5 3 conlrolled
nelease of the aative therefrom. Each solloid musl be dis-
mpted by mastication, ingeslicn or othcr Faree such 2=
rublsng, en the skin, 10 release 1he active Front the individyal
sollodd angd make it available (o it intended pumpose,

Ropmeemintiys oon-dat sold substtates inchade, without
lirnitation, those materials which are adsorbent as well as
ahsorbent, For cxample, cellulosic matecials soch as alkyl
eolluloses, hydroxyalkyl celluloses and hydroxyalkylalky
celluloses acc connemplaled, [hee include methyleclulme,
hydronymethyl cellulose, hydroxyethy] cellulnse, bydenx-
ypeupy] eelllose, hydeoxyethylmeihy] celfulose, hydrox.
ypropyimethyl cellulose, hvdmxybuty lmethyl cellulose, eqf-
Tulose esters and Bpdrozvalky] ccliuloge esters, Cellulose
acciylphthalate and hydroxypropylmethyl cellulosc are
aroong those wseful, Additionally, carboxyalkyl cellaloses
ancl hir exlers, an well as cachoxyalkylalky] celluloscs and
their esters are also useful, One examples s carboxymethyl
coblulose.
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Dher non-lat solid subsralcs mchuds waner swellable
s and mucilages, abgal polysavearides, pectin andl Bignio,
For example, karaya gum, acacia pum, tragicanth, sodiem
wlginate, caloum #lginale, carageenen and s salls, as well
as mizpares thereot may be emploved, Starches, ineluding
chemically and biologically modified starches are also con-
ternplaied as being wsceiul. Adiditionally, peodein matcrials
such as zeim, sorghum and clher prolamines may also be
eniployed.

Variows silicas and meceocrystalline substances arg also
wschi] as the solid non-fat substeale. For cxample, silicas ang
will koown [or thele ability Lo abisorh or ollerwiss caplure
ligquids and certain silicas are cxtremely poroos innatuce,
For example, synthetie amorphous silicw has been particn-
larly uselul since il has 2 wnique combination of uaifuemily,
chemmieal ineTiness, Targe surface arca and porosity which
makes 10 very adsomplive, These silicas ame manufielared
with previsely controlled surfior areq, porosity and particle
size distribatiun, This makes Wwem partivulacly oselul in the
Inveohive Omposiions. Commersidily availabls silless o
s kine are sobd under he trademarks SYLOITE and
SYLOX®E By WL Cracc & Company, Baltimore, bd.
These materials are speciiically imended for conventional
Lguid dispersions amd suspensions. Ilowever, they are alsoe
uselol i the solid sespension of the present inventioon,

It is preferred that 1he poa-Tat solid sulsirate bave mueo- 2

adbesivie propertics. This roeans that the subserate has an
wfiniry for adiering 1o the nocoss] membranes of e body,
particularly in the mouth, such thal the active can be either
absorbed guickly or in the case of Navoranls, perceived for
long peorinds of tme In the oral-cavily, sinee the aclive
agenls are carried by e subsirale, These sulwsiraw maicrials
adhere when subjectsd 40 the moist conditions of e mourl,
larpely ecause of thoir physical and chemiczal affioily 1o e
roucesal memhbrane sieuctues. The carboxyl and hvdeoey
hydrephilic geoups un The substrales, a3 well as ofber hydeo-
philic groups which may e present, wre beligved o b
Targely responsible fur the affinity ancl adbesinn of these
clagses of malerials 10 the aueoss] membrane, Thess mate-
rials afso have the capalulity ol being smocth ancd tevoid of
any uoplewsant lexiore in the mouth. Fer s reason, their
lubeicerds month-foel allows for them o he vically impre-
ceptible when Bound 1o the mucosal surlaces, |hereby allow-
ing the active 1o be slowly released in the mouth, in the case
of flavorants, ar in the Blogdstream o the case of drogs.

The preferrcd nun-fal solid substrate of the present inven-
tion is Dydeoxypoopylmethyl cellutose, This partienlar sub-
gleate has el o be cspecially uselnl o chewing guom
compusitions and other confeclionery procdugis. Ilavorants
snch as flavor oils e penerslly admized with e hydmos-
yooopy Wmethyl collulose aod wlded o the solid fat watdxin
compositions of the present invention, Since the Quvaor eils
are readily imbibed by the cellulose, the oits are carrial igte
the final sellold peaduct with virlwally no volarilizetion of
Lhe % Navor cumpeonenls during processsing.

The aetives whicl are wselul inthe present invenlion cen
be chosen from any nwmber of actives which ane capable nl
being awsncizted and therelare carried by the non-fat solit
subsirate. Tor cxample, Tgquids are pacticularly wseful since
they can be cowted onto or imbibed by the gon-fat selid
substrate. However, nonliguid forms may be possible i the
not-solid sulsiraty is st Lash low processed, ie. laking
sonlid substrate and combiniog i in a Lash Mow process (such
as deseribed in copendinge TS, Ser No. U7 TRT,ZH5, fld
Moy, d, 19910 wilh solicd active o form a united solid
aon-Fat substraleictive particle,

Fur porpases of the present invention, however, liquids
are prelerned. The examples of liquid actives include dmgs
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ancd oleapenous malerials such a5 Bavor oils and the like, The
liquid active may he 4 combination of maedals, such as a
swecteoeT dissalved or dispersed in the flaver eil or a blend
of pwo liguids. For example, artificial sweeleners can be
added 1o he favor oil and then imbibed ento 1he substeate.
Adternatively, a Memd of lavor oils or drug materials may be
el and combined with e sulstrates,

I one embodiment, fsh odl is coated or imbibed ot the
solid non-tal substrare, c.g- starch, and tncorporated oo the
inventive delivery system.

Blawot sils which may Do useful o the present imvention
may be selecied from g wids varicly of namral er anificial
ails ot cscnces. Thuse odls ane genecally derivesl [rom pland
eairacts, although they may allematively be syothelically
derived. Peppecmint vil, spearmint oil, cinaamen ail, oif of
winerEreen, menihol, citrts oils and other fruit essences are
the st eoumneoly used avor ails wliuch are employed in
the present imvention. The solltids of the present Invenrion
give e percoplicn thal a grealer guantily of favor is presenl
than the detuai amownt, therchy enhanciog Both the oeang-
lepiie impael with Toss Bevor oil and climinaling i newd o
hipher amounts of Nawvor o] o0 active. This is perliculacly
useful i applications such as chewing gum composilions,
where e addition of flaver oil al hiph concentalions to
achicwe a recre intense {lavor impact resulls i plasticizaion
af fw g base compoements amd sbopey chow charscleris-
les, Additicenally, Buavar oils such as peppeemint oil, spear-
mint ail, menthol and cinnamon oil are particularly harsh
and creale a burping sensation o the emowalh [ ingested i too
high a quaniity. The present invention allows for the use of
amalleT guantitics than in iy pically comestible applications if
dusireet, with the perception thal gresler quantitics aee
Trrce i,

Aernatively, becawsy e protoss alows fof preeision o
the smount of active in the solleil, higher loading of the
active than in prinr methods ds possible. In esseope, the
processes of the preseon iovention allow [or precise contml
of (he guantity of active in the solloid,

Examples of cilcus or st oils aondfor exsences which an
wselal imelnde 3 host of malcrials such as apple, aprioor,
banafia, Tlesheery, cherry, grape, prapefruil, Jeson, lime,
orangl, pear, peaches, piocapple, pliem, caspluoey, siraw-
erry and the like. Mixures snd derivatives of these mate-
rials are contemplated.

Actditional Davoring agents nay be chiosen Trom synthetic
flavar eils and flavering arcmatics, andsor oils, oloe rsins
amdl ¢xiracts derived from plants, leaves, {lowers, fruils amd
so frth, angd comlinations theeof, For examyple, clove odl,
byay ol wnize oil, vucelypios odl, thy roe oll, cedas Lok oul 1l
of nurrmeg, oil of sage, oil of bitter amonds and cassia oil
may b vsed. Commonly wsed llavors include menthaol,
artifictaf vanilla, cinnamem dorivalives, and wiriews fruil
Marvorms, whether cmployed ndividually or in sdmixiuc,

llgvorings such as aldehydos and esiers ineluding cin-
namyl acclate, clonamaldelyde, citral diethylacetal, diby-
drocaryyl acelate, tngeny] fotmate, p-mcthataonizol, and so
Tnrth may also e used, Gencrally any flavoing or Fosd
acklitive auch as those deseribed in - Chemicals Used in Food
Procossing,” pub 1274 by the Nalivnal Academy of
Seiepoos, pages 03-258 may b used.

Further sxamples of allehyde faverngs include, but are
ne limiled to acetaldehyels {apple}; benzaldehyds (chory,
almond), anisic aldchyde (licorice, anisc);, cinoamic slle-
hyde {einmamon); citral, de., alpha citral {leman, liene);
nerad, e, heta eitral (Jemen, lime), decanal {oeange, lemaon);
ethyl vanillin {vanilla, crcam): hellotropine, ie., pipernnal

X
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(vanilly, cream); vanillin {vanilla, cream); alpha-amy] cin-
namaideihpde (spicy fraty favorsy Tulyraldehyde (buller
cheese); valoralihehyde {Twtter, cheesc); ciiromellal; decannal
(uiles fruits); aldehyde -8 (witrus (ruits); afdehwde -9
(citrus Femirs)y aldehyde 2212 {eitrus fruis);
2-ethylbutyraldehvde (berry Trwits);, hexenal, fe. tans-2
(hecry Fruitsy; tolyl aldehyde (cherry, almond); versiraldc.
hyde {vanilla); 2,6-dimethyl-3-hcplenal, ie. melonal
(melor); 2d-dimethylocianal (greeafi); and 2-dodecenal
{citrus, mandariny, mixinres thereof and Lhe like.

Other specilie Bavor componnds such as cihylacciate,
thinphene, cthylpropionate, cthyd bulyrale, Z-hexsncate,
T-mellvlpyaxine, heplaldehyde, 2-wtsnane, limoarens, and
spenod are also usclul,

The Gavor odl ontent of the present deliveTy systeams is
genorally in (he ronpe of abour OWZ% o about 4K by
wedght of the delivery system. Mowever, devianions froun
this range are corlainly possible provided that the solloid s
formed as u result of the Aash Qow process. Prelerably, the
oils are present in amounts ol about 9.5% o shawl 20% by
weight of the solloid delivery systvm and most preferably
abrud 2% o ot 1290

Thorse draps which may be uscful In the present invention
imebcde aither solid o Tiguid drogs which may be combined
with the nen-fal solid substrate. Liguids are preformcd since
they can be imbibed or atherwiss coated onte 1he substrale.
Fhowewer, as previously discussed above, solids may be
combined with the non-fat solid sehsieate via Mash fow
procesfing bo form onew solid form which can be incorpuo-
raled in the compositions of (he preseot iovention.

The drps wselul may be selected from o wide ranpe of
drugs and Iheir acid addition salls. These dugs can Be nsed
cither singly oc in combination. Beth inofganic snd onmamc
salts may Isc used provided e drug maimaing ils medics-
ment wiluc, Eyemplary acicl salts docheds bydoochiloode,
hydrobromide, ecthophosphare, bengoate, malcale, tarirates,
sugcinates, citrale, salicylate, sullate, and acelawe. The
weighl poreent at the drug in the mixiure which is lormed
mie selloids is up o about 3% by weight.

One advanlage of the present mvention s that the active
in Lhe solloid procuct is n sulwsianlially e same proponion
48 1t 35 m the mixtuce. This s particulacly vsedul in dosap
Furms whers the dctive content is critical, lor example, the
solloids comlaining the aclive can e nsed io (] a pharma-
ceutical capsile.

Linal dessage fooms in which the selloads may he prosent
can b selected Crom ey number ol wehicles of dosage
forma. Vor ewammbls, {ood prondechs, modicamnts, o)
goods, pharmascutica] preparadions, eenges, capsalcs,
nuggets, chewing pum, Lguids and pels may Do employsd
Lo vibuers.

Ece prepared, e sollnids may be stored for uure use
ur bormw(gred with conventional additives such as pharma-
ceulically ageeplalble carfers and confectionery ingredicnts
b1 preguure compresiions wihich oller 2 vaticly of lealores w
sunl particular applicalions, Phaomaceutically  goccpiable
carrjers may be selecied from a2 wide range of mateeials.
Without being limiled rherclo, such malerials include
diluents, binders and adhesives, lubricants, disioleipants,
vulorants, Mavorings, sweelepers amd other miscellancos
MWLTiEls such as buficrs and 20soents used jo propane 4
particular medicated composiion. 1o addition, elizies, and
syeups wherely 1he solloids are suspended dhereir ace s
coniempluted.

Among he deitgs which are useful, nelude the following:

fa) Antitmssives, sugh as deaomcethorphan, deserometho-
roban hydohraode, noscapioe, cxrholapeniane sivae, and
chlorphedianol Bydeochloride;
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(b} Anuhistamings, such as chlowphemmamine maleate,
phemindamiine tacirale, pyrilamine mnleale, doxylaming
succinale, and phenylteloxaming citrate,

() Becangestants, such as phenylcphrine hydrochlotide,
phenylpropanelamine hydrochloride, psewdocphedrine,
hydrochlonide ephedring

{d) Varinus alkalpdds, such as eodeine phosphale, codeing
sullate and morphine,

(] Mingral and nutritional supplerents sueh as polassium
chtoride and caleiom carbonates, magnesium oxide and
other alieali mctat and alkaling carth melal salis;

(1} Taxatives, viaous and gntacids;

(&) hon exchange tesing such as cholesty ramine,

(E) Anti-cholesterolemie and ami-lipid agenls,

(1) Amiarthyihoics sugh as N-acelylprocainamide;

(3 Antipyretics and analgesics such as acctamimephan,
aspricin andl jhuprofen:

(k) Appetite suppressants such s phenylpeopenclamine
Tmgcbrahloride or cuileine; wnd

{1} Cxpectorants such as guaifcnesing aned

(v} EL, inhilsilors.

Addional usefel sctive medicaiments incledes anie-
inlfsmmalery substances, coronary dilators, gercbral
cliladoes, peripheral vasodilators, anti-infectives, pryche-
LejFLes, amUmAnics, Sulionks, gastro-latesinat sedatives,
antidiarrheal peoprarations, anti-angmal drugs, vasodilators,
anli-hypertensive diugs, vasoconsiiiclors and migrilos
Iresatments, antikiaties, Icanguilizecs, antipsychotics, anlii-
moer drups, anlicoaptlanes and antilkromdolie Jrogs,
hypnoties, scdalives, antiemelics, anlinauscAnis,
anticumyulsants, neuromusoular drngs, hvper- and hynogly-
cumic agents, thyooid irealment prepardions, diugetics,
anfispasmodics, uterine relagants, aoliobesity doogs, na-
bolic drugs, erythropoietie dregs, antiasihmatics,
expostorants, mucolylics, anli-uricentic drups, amd the like.

Mixtuees ol the drugs and medicaments may also be wsed,

The presear invention conmemplates the inglusion of tkose
swectcners woell knoswn im (he art, iocluding bedh natural and
artificial swecleners. Thus, swesteners may be chosen from
the Ellowing nop=limitings Tisy, sugars such as soeross,
glucose {corn syruprl, dexirose, myerl sugrar, fruclose, and
miiziures thereof) sacclari and ils variows salis swch as the
sehium or caleium salt; cyclamic acid and s varinus salis
woch v the sedium of Falehonn =i the Olpeptide swoelbats
such as aspartame and alitame; chlorinated sugar derivalives
such s sucraluse; natural swocteners such ay diydrochal-
coov; plyeyrrhing Neeeia sobasdionn (Sleviosilc), and sugar
alewhuls such as sorbited], seehitod syrup, mannitol, sylitol,
and the Bke. Adso contemplated as a swestener 8 the
acifermentable sugar subsiiuce hydrogenated starch
hydralysaie (veasin) which is described in US Pat. N Re,
26,9559 Also conernplaled is 1he synibwlic swoetener 3.6
dibpuro-f-methiyl-1-1,2,3-0xathizein-4-one-2,  2edioxide
pueticularly dhe potassium {Acesulfamc-K), sodium and
calcium salis thereel 83 deserilued in German Pateor M.
20010077,

The stwestuners may b incorporared as the aclive agent,
per 5¢, Lo, flash flow processed wilh the ooo-fal solid
gulssiride G fnpm g substraesactive combinged solid, com-
lrined with a favor ¢l 4% e active or incerporgted directly
in the fal mairis,

The delivery system can b incorporaded inenpvenrional
chawitg, auwn compisitions. Vhes sompositions vypeally
eolain a sweetener, 3 gum hase and a Bavae, Additionally
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sources of Qoaver amdfor sweetener can of courae be com-
bined with the solleid delivery system and incorporiieed in
the chewing qum composition.

o the present imvemion, e flaver, sweetence and optim-
ally acidulants ¢an be incorporated inte the salloid. Por
example, in ome eobslimem a Navorant selected from the
group consisling of Haver oils, sweelensrs, food avids {also
refeered W as acidulans) and mixmres thereol may be uniled
wiith the selid nen-tat: subsirate, Preforably & misture of all
thr2e ace preseol, 10 another embodimeny, onc or mere of the
Navorant malerials may addiional |3 be incorporated ot the
solid Fat matrix such that it remains in the solid Ful porlion
al e sollodd,

Chewing g compositions jocerporating the povel sol-
lovid delivery wystemos basne distinel adventsges in tevms of
susteingd flavaran] perception. Due 1o 1be physical siruetue
of the solleid, the Davoranl metecials e prodectsd ducieg
pracessing as well 25 in the bulk slorage fonm sulwssquent o
procesfing, The fat surrounding the non-fat snlict snbsieate
serves [0 provenl vilatilization of the flavoran] matcrials
from the disorete solloid particles os weedl wa 1o provent
muisture from promamecly altacking the sweetcnss andfor

Zh
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oher Aavorant material, Onee incorporatcd inlge a chewning
gum compasition. the solloikl {omm scrves o protoct he
Havorants from other components in the chewing gum as
well as prevenling migration of it flavorant from the gum
base ooto the suclace of the gum.

One pacticolar sdvantage o e inventive delivery sys-
lems relates to theic abaliny to sustain 1be avor aod sweet-
ness perception of the chowing gum, The oon-fa1 solid
substrate praforably bas 3 ouooeadbosiee property swkich
serves to adlere the selloids (o the mecous menbranes of
the merwih. The solloids slowly release their Naverant mate-
ridds through o deloved hvdradation process. The perception
of Navor amd sweeiness is signifcantly incrased doe 1o 1he
preseoce of the sollioids in the mouth duriong mastication.

Aaon demmeosrainen vl e compartidive susialntd cchcase
of Naver amd sweetmess of the presenl invenlive chowing
puim compestlions comainmg the novel sollowds as eont-
pared to commercixlly avallable chewing pum compositions
care bt demonsteaicsd by the following data, This data was
developed by an expert chewing panel and ratings werc
Based on o serde of =17 wiin b oeeing the lowest rating and
14 being the highest rating.

TLAVER AR sWHEETKTSSE QURATION FvAllATION
COMMERCLA LY Al LABLE PIMIG0CTE ws ENVYERT1YH PROMUT

Amaunl af Flavar

Ampunt of Swedloss

Wrigley's [T Inventive Wrigley's Exim ® [ivveotive
Tt Peppuininl Pezzeimint Fepperminl Puppe rntinl Fepieioint T PpEI LI
10,30 Spvancls Yani T4l HER d.14 B A7
5.0 hinuces Ead 5 ALT pedd] 55T 200
WK Minutes 4% o b | .00 A8 G.dd
150 Minules .an 412 il 1.29 3.14 e
0,6 Minules 1 KAL) 5.57 oET 27 414
2501 dAniles 0,24 Z.14 4.0 Q20 Z. 14 35T
Al M raLes 14 1 1En nld LA arn
43,11 pLRn RS 11500 O iy A3 iR ¥ ok |
S0 Minsitus 1. L] 3ER 160 S 2.0
L wlinurie 0l 1.3 TG 0y (SR ES 1

1T AR ARTY SWEIRTHESS LIKINOT EYATLATION
LOMMERCIATLY Aya LA BLE PROGOCTS v [NYENITVE PROGICT

[Navar 1.iking

Spuclness I.i'lciﬂg

Wiigley's Eixlra ) Invuntive Wrigley's Lixira G2 [ﬁ‘rcn!ix:u
Time Pegpentint Fepperminl T rrmint Feppermiel Lepparminl Peppeamine
1,30 Secasnds 143 LTI H.e .71 57 .29
105,17 hinores A8 543 .43 EET 514 A0
Lik4d ¥dinutes Ile 4.14 743 288 4,00 T.Z0
15 0 Mines 143 i 871 L.nn i .20
200 Minalgs .43 243 .14 a3 .87 4.HE
TR Mty 014 184 4.2 14 146 dd
AN Ainiles 14 147 ARG 014 1.43% a7l
N TRTITEN QL LEE AET L. 087 2.4
4001 Bdires axe s3] 1EG 1100 .20 200
2.1 Minutes sl 014 214 ng L1 1.7
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Ihe fiest eviluation lable above elalcs 1o the syoctmess
andd flareor dotation. Ve sapert poned was given samples of
commercially availabfe chewing gom produces, namely
Wrgley's loppermint a6d Wiighey™s Lxira® Peppermin
chewing gums amd askod 0 compare these to the grventive
peppermint chewing gums, Samples of ¢ach of the chewing
gum products wers chewed by all members of the panel. The
RN were Masicaled for & 61y minmle pociod, with ratngs
taken at ihe intcevabs Tisted i the fshles. s abundandy
clear from the duration evaluation table that while the
commercially available chewiog pum producls have Havor
and sweetness durating al the 30 scoond leve] which s
substapliaily sirolar o hose of the invenive products, the
ratings for the commerciafly available products drop sip-
nificantly even afler 5 minvies, At the 10 minue mark, e
vatings For the rwo commercially available products with
respect o Bolh Ravor and seeelncss were only ball us good
we e faved elings pieen e the dodenites prodocs. The
ralings wett substenially preater in be ventive gomtkmsi-
Lions alter 3060 minutes of chew, More specifically, al the
GO mitute Tevel, e inventive prodocls woee len 0mes of
mgrey preater o flavor and sweelness, 25 evidencoed (rom the
lahles,

With regpect b the favor and ssgetness liking cvallatiog,
refercnee i made o the second table above, “Liking” is the
term used for overall pleasure sensation reccived during
chew, Liking sihatamially dropped off e connnmeocially
aviailable products afier 5 ouinutes of chowing. This is
compared to the Lking ratimgs for the inveniive prodocis
which stayed substaniially the same cven afier 10-15 min-
nles of chewing. AL e 25 mimute mark, the invenlive
compositons showed ratings o 429 {Javor) and 414
{mwcelmess), while the commereially availeble chewing pem
procducls ware only (L4 and 1.57 [or (Taver and .04 and
1.43 for sweciness. No substantial flasar or swectness was
perceived at the dib minuwe mark tor (e original Woigley's
Peppenmmint g, ancd liking ratings of 086 and 0.57 were
wiven for the Exira Peppenminl gum 21 thase lime pericdds,
Wowewer, the preserq iovemive compesiions produced
chewing plens which produced ratings substantially bigher
a1 the 3000 minuwee mark, 2,14-3 &G (Havorc) and 1.71-2 56
(swectness). indicaling pereeption of the Bavor and sweel-
ness was clearly present amd still enjovable.

The ahiliny of chewmdng pom v Totads U Davsr and
sweelness aler 60 rmimules of moce ol chewing 8 Ielicved
o bes due 0 jrarl wr nbe abitity of the solloids wo e elaincd
iy e momth, alloewing the seosatioon amd perception of 1he
flavorants W b prolonged.

With rogard o chewing £um ocomposilions., the amant; of
gum base cmployed will vary greatly depeading nn variows
(aciors such as the type of hase, consistency desired and
olber eomponents used 1 rmake the linal produet, [ general,
amounts of sboul 5% (o aboul 85% by weight of the final
chowing gum compositions are geceplable, with amouwnts of
abomt 159 to alwul 305 by weight being preferred, The
aum base may hu any wiler-isoluble 2um baze well knewn
in the arr Wsirative examples of suitable polymers o gun
bases inglude both patural amd syathetic elasiemors and
rubbers, For example, thise polymers which are suitable in
s hases Inciude, withwm Timitation, subslances of vog-
elably origin such ax chicle, jelutomg, putta peecha and
crown guml, Syothetic clasiomuees such ws buladisne sty renu
capolymers, isaobutylone-isoprene copolymers,
polyethylens, polyisobutylene, polyvimvlacelals and mix-
ey therent wte particularly wselul,

The gum hases composiion may ornlain elastomer sol-
vents 1o aid in sofiening the rubber component. Such clas-
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wmer solvenls may comprise methyl, phweerol or pen-
raervticied esters ul rostas o modified ofios, sech as
hydrogenated, ditnerized or polymerized rosing or mixienes
thereol, Uxamples of elasiomer solvents suiable for wsc
berein inclede the pentaervihritel ester of parlially hydeo-
gcnalcd wiongd msin, pemtasrythric] ester of waod mosin,
rtrilymml ester of wood msin. glyceeal esler of partially
dimerzed rmosin, glyeerol ester of polymerized eosin, glyc-
e1od ester of tall ol rosin, plycerol ester of wool rosin and
partially hydregenaied wood emsin and partiaily hydroge-
paded meyl ester of rosin, sach as polymers of alpha-
minenc of beta-pinene; terpete resins including polvterpenc
aod mixiues Moo, The solvent may be employed jg an
amount rangigg from alboul 1086 o aloul V5% and prefer-
ahly about 45% 1o about 7048 by weight of the gum basc.

A varicty of tradiliona] inpredients such 828 plasticimns of
softences such as lanolin, sleacic acpl, sodim slearalc,
rotassin, shonrals, glycoal idasate, ghyetin wod the e,
ineludiog, natural waxes, such a8 pacalfin wares and micre-
ceystalling waxcs may also by incorporated into the yum
base o ahtain a vacicly of desirable textores and consiseoncy
profrerbivs. e avomdanee wilte The imeenliss, Towever, Hhese
Lo Feel o ctls miay B rodocce] I wsmonnl or i Soime Cescs, may
vz climinaied codizely. When present, (hess Individual add-
tinmal maderials are generally cooploved in amounts of up o
abuml 15% by weight and preferably in amounts of from
alweud 3% 10 gbowl 10K by weight of the final gum Dase
corapcriling.

The chewing gunt meay additionaily incleds the conven-
tirmal aklitives of coluring ageals such as (ianom dioxide;
conulsifiers such as lecithin and glyeern] monostearaly, addi-
rinmal Allecs such as alominem dydroxide, alumina, alumi-
ponl gilicates; caleiunt varbonale, and tale aod combinations
thercot; and addmional Bavoriog sgenis, These (llers may
alao e used jn dhe gum Tase in variows amounts. Preferably,
the amount af fllers when used will vary from about 4% w0
abrm 3549 by weight of the fnal chewing gum,

The amounl of solloid delivery sysicm nsedd inn Lhe chow-
i, v eomiprsiven sl largely e x maneT of prederencs.
It i eotiemplated thal the delivery sysiem will be inchuled

in amounts of from abiout 0.25% 16 abowl 40% by weight ol

ile final gum compasition, with amonma of feom shour 1%
1 aboml 3% being pecferred, and amounts of rom ghout
15 tov abour 20% being, most preferoed.

In addition 10 the inventive delivery sysien, the chewing
EUR composition may also optienally inclede onc or more
additinnal ingredicnts such a= conventional polysaccharide-
hased bulking agenls including sugars or sugar aleohels,
Naver delivery systems, spray-dricd favors, Tiquigl flavors,
patural andfor anificial sweseners and ihe like.

Tl chewing pom compuesilinns of Thy present invenlion
my be prepared by combioing the watcr-inselaldle pum
hase porion and the waler-soluble Bavar portion ingluding
the wmowvel Tavorsweelener delivery system according Lo
eonventiony] chewing gum peocessing techniques.

For ilusicative purposes, a method of preparing the novel
chewing gum compositions is as (ollows:

A suitable chewing gum base is first melted. Soflencrs and
bulking agents such as sugars or sugar aleohols if desieed
may te added slewly with siering thereafter. The Inventive
delivery sysiem is then added and mixing iy continued uatil
a homopeneows Mass s achisved. Cpionaslly, additionsl
{laven oils or spray dried flavors may be added as well, 1he
mass may then be lled, scorcd, dusted and wrapped in any
marrer ke ithe oo,

With repird lo the preparation of olher Lypus of
comcstibles, the ivenlive solloid delivery syslem may also

46



5,824.342

17

be added in & conventooal manncr. For example, b the case
of pressed dablcts, 1he delivery sysiem ray e dey blesded
with the cemaming 1ablet ingredisnts and the mixoomes theo-
afler compressed e final talxfbet form, In e case of
dentifeices, denlure creams and cleansers, the products also
benofil from incorporation of the delisery system in heir
formulations, Tn shorl, the matrix may be added 0 varions
comestitles in o magner similae o thy) which e s=killed
artisan currently pxes 1o add convent iwonal comestills ingre-
dients,

. owe paricnlar embodiTnent, & micreR-sized syndene,
arnorpfous silicy has been used as the non-fat solid sebstrale
for liquid actives. Using these materials, favor oils can be
adsodwed oo ihcir surfaces and imlo theic pores and the
added m the {ecdstock of matcix matedal 10 fomm dhe
invealive delivery sysiems. In this rmaoner, additional con-
trolled release characieristics ean be imparied to the delivery
systems, as well a5 adding Turther stabilizageo and protee-
tive featurey te the otls againsl volatilizanon and oxidation.
Thaese silica compoumls alsa-have iomic and bysfrogen Bond
affinity far cerlain lavor component cherical groups, which
atfinily serves to streogrhen Qavor cotention and conse-
quently atlows for increasce delayed release capabilities apd
stabilization charachoristics.

in amother embodiment, pelyunsaturated faty acids soch
as fiste ol are combincd with 4 staech non-Cal salisd sulbsbots
arud added o the Tl malrix.

Additional materials which can e wsed as carfiers T the
Aaver cils print o incorpogation with the inventive delivery
systurn inclide maltodexirins, such as spray-dricd malto-
dexirip marketed wnder the iradenome MGG (10 LY by
Cirain Procoessing Corporation, Muscatine, bowa, a5 well as
agglonerated maliodextrin (10 DY) sold under e trede-
vamye Mizropor Bk, 10154, by B, Sl Marelaonong,
Cao., Negutur, N These malerials are also porows and allow
for Aavor relention. Polydextrose wnd microerysialline cel-
tulosc are also vselul ioodus regard, as sre 3 pumber of wiher
adsoelent malsrials.

EXAMEPT LS
The following examples serve 10 provide further appre-
ciation of the ipveniion, el are nol mesnt in a0y way o
restrict The cfleotive seope of the invention.
‘The following compositions weees used 1o produce sol-
Ievicls i Bodb b dlash shear and fash heal provesses

aolleid [elivery System
Cnmppdilion (% wl)

Loiporenl A [ §] [
Pretinl1y Lydosge neled SR 44,60 it
Sowhewn 131

HI_-:_\-K:': LR 1.0 10U
Flowor il 12 5= FLIRYIN In,nn=-
Aslifieial Swecclencr 104l 1.0 1,100
riptienal Ingredicies * 410 414 4.0

Mg L P D T L e e
emudsiies and Fillers

“spen e APEPREEmLL e
"""rn:prn:.rm'inl pilfmenthal =lend

Flagh Shear Process

Lach «f the abowve composilions wees progessed using
flach shear processing o yick! the inventive salloid delivery
system. Exch composition was peepated a5 0 mixlure. The
respective Composiiun mixires were then individoalty pro-
vessed vsing an exiuder where (e extrudate was subjected
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tor clistapded aiz o, wilh an atomiziog ooede. The com-
posilions were [ed into 3 twin screw extooder and the el
rate adjusled o maxioniee product opality.

The fash shear parameters of commpesitions A-C are
shown in the Bllewing mble,

M e HWrezlg
Catrudec Herew AL Adr
Syarco Spesi Pressaie Temp
£ lnzipos iticn Temp "¢ rpm psig L
G20 Ang 2% KL
1 U %z 1.5 o
[ n FX i all

The compasitions were exposed 1o fompecatres sufficicnt
I cause them ta low, which as shown in Lhe table bobow was
abowl 62770 {7 foc parliaily hydrogenated sovbean oil.
The screw speed used was Derween about 300310 epom 's,
Tt this speed is only limited by the speed capacity ol the
mapchime. Higher speeds such as 500 pm's o moee have
hoen suceess{ully run. As o geoeral pringipal, the higher the
aorew gpecd, the fasicr (e throughput of e exitudate, and
the shorter the residence Ume, In the composilions below,
the resiglenge time of the miglore o the cxouder was
htwescil alwoul G0-R3 seconds, Besidence time will ol course
varey depencling on a nurtber of factlors, but for purposes of
the present invention, the residence tome of the composilion
need only be bong e Tor e fat e reach 6 intraparicle
floaw pool As deseribed e gpecifeation abose, his will
vary depending on the fal wsed. With small cxmsion
machines, the residence dme may be as short 28 5 geconds,
whercas wilh large production cquipment il may be closer 1o
L6y seeonds. Lo the above compositions the wmperatorg of
the fal while o the extruder syslem was botwoen abuoul
(27707 L, but the imvenlive process oced ooly use fem-
peratures which are sufficienl W canse 1he 8l W0 doderge
intrapanticle Aow which [or some materials, deperling upon
the pressure and other parameters, may be lower than ils
meliing point. In any cven, this lemperatwne mrust be below
the mclting point of the non-fat solid substrare and prefer-
alily nes grosater than abowt LO® C alowve the Gat melting point.

The matcoial poocessad o the ayimder e ciacted theough
a nozele which has wir sireams dicected apainst il e disnuot
the extrudate inte small solloid garlicles. A nowele which
provides a concenteie o of air around the low of cxtm-
cfate and two banks of whece opposed air juts directed at the
extrpdate and the concendric air flow have boen nsed m
provide a uniform siae disteibition of sedleid panticles when
the aif pressure is as set forlh in the above table.

e Rl 40 oy st ionial spray congealing and spaay
doving processes, the process of (he present ipvention may
he covsideeed a Scald flow® process, devoid of the Jong
cesidence Lime in mixing and helding tankes ancd the vaeiogs
problems associated therewilh, [he screw speed was oper-
ateel at full throile which was botween 300-3 10 rpro’s. The
wir pressure wis ghow 2,25 o aboul 2.5 prig,

The somposilions while in the cxinulor Sysiem wore
whvatrs under & posiive pressors which senved 10 preveod
aettling of the non-fat solid subsicate which remained ioibe
gnlidl state during mixing and rransformation of ihe solid far
inm the fowable stale. The cxtruder was in ihis respoct
clfcotively a closed system.

The air pressure employsl in process runs of the abowve
compositions was exiremely low (22325 psig) compared
Lo wormvenlional sprav dying or spray congealimg. As mon-
Goned shove, the alr presserc may be lncreased proporlion-
al 10 nevezle orifice sizc. Jn olber words, Lhe larger the mass
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ol Mrwing exirudate exiting the cxtrucer, the mOons pressune
which may Be uscd and sl obtain e sollod peoduc.
Aldthough the prossures of the inventive peocess have becn
found to 12e extracrdinarily low s compared o eooventional
spray deying and conpealiog processes, the only limilations
on the quaniity of dispuptive force wsed s 1hat it ool separae
Lkt M- Tal serbicl sutssteale from the faland thar il produee 3
solloid as defined bersin. Alr pressures of rom 2 to 11 psig
have boon vsed swccesfully, althougl the lowicr pessiees,
arc prelucred.

While the mass of exiling exirudate may b s relalively
dense sticam of MTowahle ooaterial, o cectain ipstances, ig.
cerlain compositions and high speed peoduciion cquipment,
it I8 preferable o design the noesle head sachobal the
Aewable cxirudate exils the extruder in Lhe Eaemt of 4 holloew
tabe, This was aceomplisied io the presenl Invention using
a mandrelin (b novcle orifies o dircet the Bewable mateal
betwoen the noede wall and mandrel o ooeh the same
mammer cu-exinusion extrider Besds operite. The hallow
vrube” of fowalle extrudate was then dismopted with a
sArCar of @as in the same mamer as deseribed [weecin o form
solloids,

Flash Hear Process

The: Followning caample describes the flash heat proccss
which was wsed 10 make so0lloids in secordance wills Lhe
present jnveniiom.

A mxture of solleid Composition A above was fod into a
spinning machine equipped with & heated spioming head
having a heatng clement includiog a plurality of cloogale

openings having 8 height betwern abomt Q005 and abont

001 inches. The resatinpa ] speed of the seven inch spinaing
head was 3,50 rpm, Depending oo the size of the spinning
head and the selection of e solid Tal, the mongticnal specd
can be {Tom about 400 te 5000 7pm, The hoariog slement of
[he spinniog lead was al & lemperaiuee soilicienl (0 Calsc
st bead of the Pal wherehy the Tzt undepwenl mileapartiche
o Thes Bow temperatuce Tor Compaesition A was aboat TOF°
L

As the zolid composilion was lash heat processcd and
flung through ihe openings of the spinning heat into ambicnt
air, discrete spheroidal solloids formed. As the sollowds
cocled i lress dlight ihe solid swespepsion and shape was
locked-in, A samyle of e solloids foeonad showod substan-
tial uniformey o sive and shape, with abow 60 0T more
having a diameler in ihe Tanges of less than about 300 to
abont 400 microns.

Chewing gunl composilions wers mads 1 acooance
with the presenr invemiion as shown in the tabls below. Each
af the yums exhibited sigoidicant Naver and sweerncss
duration for periods of 60 minvics o longer.
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The invention being (hus deseribed, Iwill 1 ohviows that
the same roay bu vared in m20y wavs. Such variations are
ool o T deparied as @ departure froom the spitil amd scope
of the vention and all such modifications are intended to be
included within the scope of 1he Bllowing claims.

While there bave been deseribed what ape prosentfy
helieved 1o be e preferred embodiments of the present
invention, those skilled in the art will realize that changes
and moddifications may e made themele without deparling,
from e spicd of e invention, and i is intended o claim
wll snch chanees and modifications as fall within the lrue
seope of the invention,

What is claimed is:
L. A pharmacentical prodact comprising:

a pleradily of solloids, said salloids comprising a solid
suspension of & solid now-fal subsieate haviog Ao aclive
associated therewith dispersed inoa solid far which is
wolialifalals al cooum ormperatact aod baving, 3 Oow
poant dower than the melting poiat of said non-ful
solleid suhsieate, whersin 2 predoninand arnount of
aaid solloids have substanlially the aetive conteil and at
least abaut 605 of said solloids in said pluralily fave
apaficle size less than about 306010 about 4000 miceornes.

* £ + ¥ *
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[571 ABSTRACT

Sustantially sphedcad armales of phenacetin are pre-
pared by sprayiog liquid phenacetin which has been
meited without deceraposition by means of rapid pas-
sage through a meling device in which superheating is
miniiized. The resultant melt-sprayed granules are
supetior to cryetalline phenacetin in the formuiation of
rharmacentical tablats.
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PREPARATION OF MELT-SPRAYED SPHERICAL
PHENACETIN GRANULES

CROSS-REFERENCE

This is w continuntion-in-part of Ser, Was, 364,168 and
564,169, both filed Apr. 1, 1975, both now sbandoned.

DETAILED DESCRIPTION

The present lovention i concerned with mels-
sion aod the Formation of tablets therefrom.

A subst:amce oan be tebieted directly if it can be cons-
pressed into tablels of good mechenical strength with-
out the inerpositlon of customary granulating processes;
ie., the formation by internpted crystallization or pre-
cipitation of a fitsly crystalline granular powder, The
ability to underge direct compression s of inyportance
in the production of tablets since a substance whick is
capable of being tableted directly shonld produce tab-
lets of good mechanica] properties <ven when tableted
with anxiliacies on high epeed tableting machijnes.

There are however few subsiances which can he
compressed into fablets withowt prior granulation.
These Include ammoniog bromide, ammonium chio-
ride, smmonium iedide, potansjum bromide, potassinm
chlorate, potassiom chloride, potassiom bichromste,
potassium  permsnganate, sodiom  bromide, sodium
chloride, scdium ¢yclamats, sodinm thiosiphate, o
dmm citrate, heXamethylencieirantine, jpecacuasnha
powder and licorice sxtract [see W. A Ritschal: “Die
Tablette", B, Cantor Veriag, Aulendodf, 1966, page
217 and 218], Cther substances can be rendered directly
compressible and tablated by mesns of additives. Theus
in:lude, inter alia, potassium alaminium ealphate, potas-
sium alominium iodide, potassium alominium fitrate,
calciam chloride, sodium tetraborate, aminophenazone,
acetylalicyelic acid, chicral bydrete, camphor mono-
bromats, pancreatin, pepsin and phenolphthalein.

A majority of other biologically active subktanges
it he suliected (0 knowm grenulating technigues m
ofder to produce a finely cryatalline grannjay powder
capable of being compressed inte tablets,

Phenacetin is known io be a substance which is dis-
tipetly difficult to convert to tablets. Thus atiempts to
tablet ctystalline phenacetin having varied shape and
pacticle size dstciraton resolts o tablers of poor me-
chanical strength whick exhibit extensive capping and
layer formation [see, e.g. Jaffe &t al, J. Am Pharm.
Asy., 48, 26-20 {195%); Blacy et sl., Pharm. Ind., 33,
£97-900 (1971)]. To prepare suitsble tablets from phe-
nacetin, it bas been pecesaary to granuiate cxywtalline
materiah having & perticle size of 100 1o 60D pm or fo
grannlate material which has been ground to a particle
gize of 20 to 60 pm.

The praduction of phenacetin tablete can be pro-
duced by moist granulation s describved in the British

. Phaamaceuticn] Codex of 1968, An auailiary, such as
sngaT or starch, is admized to the cryswlline phetacetin
powder and the micture is moistened with an agnecus
or slcoholic binder sclutiom, such as simech, ghuten,
gelatin or sugay rolutioa and then granulated. Thereat-
ter, disintegrating agents and lubricants are admixed to
the dried granules. After these expensive mixing, gramu-
lating aod drying processes have been carried out, the
thus treated phenacetin can then be compressed to give
tablets.
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F. Biedenbach, in Pharmaz. Ztg, 103, 104, 1958 gimi-
larly describes o preliminary treatment with polyviny!
pyrrolidons ta eonvert phenacetin into crystelline gran-
vlen which can be tablated.

It has sow been found thag melt-sprayed, sabstan.
tilly moncrystallice, phenacetin granules which ars
spherizal i configuration have improved compressibil-
ity and in fact car he tableted directly by compressing
the granules,

In ihis specification the word “tsbiet” means a com-
pressed body which is composed of a plurality of dis-
ciote particles, and mcludes pills, lozenges and drages
cores, “Phenacetin® includes simple sybatitnted deriva-
tives of phenactin. Tablets prepared from melt-sprayed
spherical phenscetin graoules bave improved physical
properties compared with conventional phenacetin tah-
Jets.

It is surprising that the phenacetin grannles produced
iy accordance with the pressmt inventicn exhibit soch
improvad properties. According to the state of the art,
it was not to be expected that an active compound in a
spherical form wonkd be emsier to convert 1o tablers
than an active compound in & cristalfine form. ‘Thus the
literature contaits very litthe experiments(ly verified
mformatico on the mfuence of particle geametry on
compacting behavior. For phagmacentical substances,
apparently only the tableting behavior of erystallins
arsl spherically spray-dried lactose bas beep stodied.
Indeed it hax been suggested that the absencs of & crys-
talling structure reduces the prospects of direct teblet-
ing [see, eg, Euzlan, Pharm. Acta Helv, 47, 323
(1972])]. Rounded crystal shapes, on the other hand,
whils showing better flow proparties, at the same time
redice the hardness of the tablets 8o thet irregular and
sharp-edged orystali, coupled with relatjvely large
crystal size, have been suggested as bemg pecessary to
obtaih, on compression, a branched and molt-cross-
linked tablet lattice which i rich in internal jagged
peinis and spiles and therefore mechanically resistant,
Hilttenreuch et al., Die Pharmazie, 23 477 (1968),

It hag alsc begn found that perticles of potassium
chleride heving & rounded shape and a lowsr particle
size distribution exhibit poorer compressive property
than crystalline particles. [Ses, Lazarus et al,, . Pharm.
Sci. 55, 11211127 (1968)].

The phenecetin granules of thid invention are gener-
ally spherical in shape and are produced by melting the
crystallite phenscetin, preferably in 2 special multi-
gerew extroder as described hergafter, and subsequently
spraying the melt in a gassoun or tiquid mediom.

in the drawings,

FIG. 1 is a schematic presentation of the manwfactur-
ing elements atilized in the process and

FICF. 2 is a gchematic cross section of the melting
device.

FIGS. 3A-3B are tcanning eleciron microecopic
photographs of a commercia] phenacetin crystsl smd

FIGS. 44-4B ere corresponding scenning clectron
micrascopic photographs of a spherical granile accord-
ing to the invention, respectively.

‘The phegacetin granules which can be used accord-
ing to the invention preferably compries at least 309 by
weight of particles of size 20 ~ 500 pm.

The pheracetin granules have good flow properties
end de 0ot tend (0 acquire an eXcessive electrostatio
charge in the way fhat the previously commercially
zvaileble material dees. The grenavles can therefore be
compressed into tablets either ag 4 single substance or in
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combination with further active compounds, and 19-
gether with pharmaceutically acceptable excipients.

The ability of these granuies to be compressed di-
recly & of significant theoretical intersst since it re-
flects the improved comprassibility of the materfal. In
practice such a tablet demovntrates insufficient dikinge-
gration t; be of mach therapentic value,

Typical pharmacewntical excipients or eoxiliariss in-
clude {a) fillers and extenders, ms for exmnple, edible
cacbabiydrates such 2 stasches, lactose, maorose of gha-
oose, mennitol and siiica, (b) binders, such as for exam-
ple, carboaymethyleelulose, algioates, gelatine, polyvi-
nyipyrrolidone, Iactose, glucose, sucrose, magnitol,
calciom carborate, caleivm phosphate. polyethylene
giyeol, polycthylene oxides, celluloss, methyicellaloss,
hydroxyethylcelluiose, amyiose, pectins and sodiom
amylopectin glycollate, (c) bumectsnts, such as for
example, glycerol, (d} disintegrating agents, such 25 for
example, agar-agar, caleium carbonate, podivm bicar-
bonate, starches, silicas, methyleellulose, alginie acid,
alginates, formeldehyde-cascin, pectins, magnétiuvm
alumininm silicatés, sodium bicarbonate, caleium car-
‘ponsie, magneginm oxide and sodium amylopectm ghy-
collate, {2) sustained releaze agents, such x: for exampls,
paraffin, (fy sbsorption enhancing agents, such as for
example, quaterngry ammoninm compounds, {g) wet-
tizg agents, such a8 for example, caty! aleohol and glye-
aro! monostearare, (h) adsorbents, such as for example,
kgolin and hentouits and (i} lubricants, for example talc,
calcium stearate, magnesium stearate gnd solid polyeth-
yitna glycols. Mixtures of these materials can of courss
be present. Furthermore, snti-static agents, dyestuffs
and flavoring apents, such as for example, aromat and
sweeteners, can afio be added to the tablet mixture.

The present investion includes a process for the prép-
eretion of these spherical phenacetin granules from the
melt phase, and & device for carrying out the process.

It is wiell known that molien cpganic materials can be
converted inio gramules by pessing the molten malerial
ikrough a single pozzle, twin nosz2le, or spinning disc
atomiser gnd allgwing subseguent solidification in a gas
or a Ygoid; see, 6.5 W. Boreeky, in “Fette-Sciien-
Anstrichmittel,” Mo. 4, 1967, pp. 263-268 and G. Marz
«Kristaflisatjopy in der Werfahrenstechuik™ Springer
1957, pp 284-291, These processes are preferably car-
ried out with materials which are nat sensitive to heat.
Thus, W. Boretzky reports that siearic acids, paraffing
and synthetic cesins can be grenulated in this way.

This procedurc is unsuitebie for heat-stnsitive sub-
stances since these tend 1o discolor and decompose on
heating 1o, or abgve, their meltiog points. Previcusly,
such substances have been processed in the melt phase
without degradstion coly if suitable reducing agents
were added. German Offenlegungsschrift No. 1,617,933
diacloses for exammpie that pharmaceuticaly actve com-
pounds can be fused without decomposition if mixed
with reducing agenis, such as aqueocus hydrazine solu-
tions or amrooniuin Rrmate solutions,

In the case of medicaments such as phenacetip, how-
ever, any such peducing agents which are used in the
preparation of gramules must be completely removed in
arder to meet purity requirements. The Jatter process 15
therefore disadventapeons ja that pure actve com-
pound is contaminated in order to fusc it, and a further
puriftcation step is thus necessary.

In acoordence with this invention, it has been fovnd
that phenacetic granvles can be prepared from molien
phenazetin without reducing agents. Broadly, the phe-
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nacetin is mejted, while preventing local superheating.
to temperatvres more than 15° B, preferably 10* C,
above its melting point, and subsequently atomized, the
phenacetin being maintained in a maolten condition for a
period not longer than 20 minutes, preferably not more
then 10 minutes, pricy to 2lomization.

Maore specifically, crystalline phenacetin is fused.
without addition of a reducing agent or other avxilizry.
in a cootinuously operating melting dervice which pro-
ides & oy tesidence Yone and @ TarToW TeRenTE tme
gpectrum, and subsequently atomizing the molten phe-
necetin. ‘The melting device has heated surfaces majn-
tained at temperatuces of from 150* 1o 300° C end pref-
erably comprises a plurality of intermeshing seli-clean-
ing scinws,

Althaugh it has becn reported that phenacetin can be
heated above it melbing poind withowt decomposition
[see Zaputriaey et al, Khim. Farm Z&. 3. No. §, 1964,
pp 51-54], according to Offenlegonpgsschrift Ne.
1,617,911, phenacetin decomposes even near the melf-
ing poirt if no sultable reducing agent is present. Tt wat
thus girpeising that phenacetin which has been reported
a5 being heat-sensitive, is not discolored or decomposed
ib & melting device having wall temperatores more than
100" ¢ above the meling point.

The welting device used iz preferably a heated inter-
meshing and seif-cleaning multi-screw device with a
narrow residence time spectrum and littie play betweeil
haih, the soeew coests and housing, ant the scoenr {lanks.
A twin-screw device in which the seréws rotate in the
same direciion and the play, relative o the diemeter of
one of the screws, is preferably from sbout 4 % 10-310
about 30 % 10-%is particularly sultable for gently melt-
ing the materlal. Such & twin-screw device was high
he=at irenefer indices becanse of its particularly intense
mixing effect, and thereforo has a small volume filled
with produoct. Additionally, because of its seif-clesning
kinematics, deviations from the means residence time,
which in any case is very shorl, are only slight. For
example, the mean residence tine is detirably so longer
than ten minutes, and the tota] residence fime is desir-
ably no moTe then 29 minones.

The intake zape of this melting screw shonid prefers-
bly be cooled ta prevent difficult to hendle pagty states
of the material, formed by premature incifient melting.
from hindering the flow of the crystalline phenacetin
powder in the hopper zone, This infake zome is fol-
lowed, in the feed direction, by a seeled, externally
heated housing zone, Here, the powder is warmed to
the melting poict and vodergoss mtense foreed convec-
tiom. It thexn passss through a melting zone in which the
consistency of the powder changes via pasty states to &
mobile melt. It & particularly because of these states of
the material, which are difficult to handle, that the nse
of the screw system described i= of advantage. Tht
sorew shefls themselves can also be heated, in addition
tr the &xtertal beating of the housing, Which has been
tentioned.

The twin screw mentioped makes it possible 1o we .
very large tomperature differences berween the heating
madium and the phenssetin without, the latter issuing
from the screw at tem which, on average, aré
more than 2° to 3* O the melting point and with-
out loeal superheating of the phenecetin 10 tempera-
tures more than 1Q° C above its melting point. With &
vietw to 2 short residence time and elight beat exposure,
it is desirable to locate the end of the melting zone as
clore as passible 1o the exit from the screw. The melt
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issuing from the sérew is fied, either directly or via a

sl iMETmedjale coftaingd, to a heated pump and is

brought t¢ the stomising pressure by this pump. Any
Somponenta of the: apparatus likcated between the screw
angd the atomising device, A3 a precuntionary messure,
should only be heated to & few degress sbove the melt
ing point. The total restdence time in the liquid phase
should 1ot excesd 20 minutes and deyltsbiy throughour
the meiting devige snah that %5% of any batch of phe-
nacetin I8 passed through the devies within 15 minutes,

The solidificanon of the Atomized phenacelin tikes
place in A known menner in a gas, soch &3 air, nittogen,
& inert gan or carbon diexide, or a liquid such 2 water.
When solidified in a ges, the produet is obtained in it
fine| form while when solidified in o, liquid, it must be
snbsequently drisd- As will be seen from FIGS, 34, 3B,
44 mid 48 the surfaces of orystelline phenacetin are
substantially less struciured and have 8 comparshly
more pyiform surface. The sphecical-granniate particle
on the other hand shows a crecked awfece which,
under the strongel magnification of FIG. 4R, ceveals
ftself ta be Asanpsd Bnd structured. The cracks presum-
shly are stress cracks, prodoced npon the cooling of the
molien matecial and can be mfluenced by the spraying
and eooiing conditions.

Tha spherical phenacetin granules thus obtained in
contrast 1 crystaline phenacetin, can be lableted di-
rect; i.e,, after gignple admizgce with castomary tabler.
ing auxiliarles, it can be molded on high aubpyt tebletoy
preases 10 yiekd tablets having good mecharical proper-
ties,

When the ultimate strength of tableis (twn fractions
of 250,900 pm and 637160 pm, for each of Phenacetin
crystals and phenacetio sphesical gragules}) is mezsveed
a1 & function of the pressure of the upper pueck, there
cmbenmedmmhﬂmrmmth:mumhﬂthm
increass in the compecting presyuce. After 3 critical
maximurn compacting pressure has bee reached, il the
tablets show lamipetion and a tendency tOvrards cap-
ping. In the low-pressure range {below 40 MMN/M2,
tablets of phenacetin crvstale exbibet higher sirenpih
than tablets of phesacetin spherlcal granules, In the case
of crystals, the compacting pressuce for the 63/160 pm
fraction caonct B¢ increased beyomd about 35
MMM —* {gbaut 350 kg am?) withont estensive lnanina-
tion of the teblets occiring. In the eage of the 2504500
pm fraction, it cannot be increasad beyond about 45
MHN/M—2 (about 450 kg/cm?), The maximum strength
of tablets of phepacetite crystals lies in the range from
just below 2 to just above 2 kg.

In the case of the coarse fraction {250/500 pm) of the
spherical granules, the maximum strength of the teblets
which can be abrgined it 14 tioes sy Eeat ay thay of
crystals, The differénce i even clearer (o the case of the
fine fraction. With the f3./160 pm fractiom of the spheri-
cal granules, a 24 times greater strengih could be ob-
m than is obesrved for the corresponding fraction

The [nflusnce of the compacting pressure on the
porosity of the teblet of phenacetin erysials and phenac-
etin epherical graculee of thye same sereen fractions can
alzo be seen. With an increase in the prefsmre, the mate-
rial I8 more strongly compacted in the form of the tablet
compaats, while the porosty decreases. For both crys-
tal fractions, critieal Lot valpes of poroalty are reached
#t a relafively low compecting pressare {aronnd 40
MN/M2) and fyrther increase in prassnre results in lemi-
natiom of the tablets- Phenacetin spherical granules can
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gncm:l at substantially higher pressure {abou 30
MH,—'M ) before lsmination occurs in the cablet, Thus
%mhnﬂmbcmhwbatmmﬂthn
veluey of porosity. When comparing the two fine frac-
tions, 8 porosity of about 1 7% i cowined for
tmc:ryatalaandapommrohbout 825 for the spherical
granules. With the crysials and cpherical graguies,
strcomger compaciing and thersfore Ower porodity is
olteined in sech case with the coarser fraciion than
when ¢mploylng 4 comparabls compacting pressure
with the finer fraction.

Typical tablety are prepaced, for example, by using
melteprayed spherical phenacesin granndes in wiich
8% by weight have a perticle slze range of froim about
20 to about 500 um, edding 5-40% of micro-crystalline
cetivlose, 5-30% of starch and 0.05-1% of highly dit-
perse sifice {the peTcemiagts in each case heing by
weight, relative to phenacetin), mixing these constita-
ents engd compressing on a suitable tableting machine.

The following ¢xamples will serve to forther typify
the inventiom witboot being a limitation on the scope
thereof. Bramples 1-4 describe the preparation of gran-
Ules. Example 5 is & comparative examaple utilizing crys-
talline phenacetin and Examples 6-8 describe tableis
“which were prodmced by direct compressing that is to
say without dry granulation or mofst Fraculation. Tha
comparison of the results with cryatelline phenacetin
and meli-sprayed spherical phenscativ grannies clearly
showt 1hal when vsng the granules eod products with
smbstantially empraved properties result, in addition to
the technical advantages provided by direct iableting
compared to copventicnal wotking with crystalline

The tablel:lng machmes med in Examples 53 in-
cluded vacious customary rotary machimey and alto
high speed rotary machines.

EXAMPLE 1

Crystelline phenacetin wes fused in an intermeshing
twin screw device in which the screws rotste in the
same dirgction, having a 32 mm external screw diame-
ter, 17 mm root diameter apd 770 mum screw length,
with wall temperatures of 19° C. The residence time
waz 1.2 iomtza in the serew and the throughput rate
was 3 kg/hour. The melt was atomized al t=mparrires
of aboat 140%, by means of a plston pump, With & vortex
chamiber nozzke in gir #t 20* . The total reddence time

during which the product wes to heet was 13
mirutes. ‘The product was of pority according
“to USP X VI, and bad the following particle size dis-
tribution:

109% < 126 um

0% < 252 wm

Q095 < 32 pm

It was very fres-flowing and non-dysting.

BEXAMPLE 1

Crystalline phenscetin was fused in the twin screw
described in BExample 1, at wall temperatures of 210° C,
nsitg a residence tioes of 1.4 minnte in the screw. The
througnpatl rate was 15 kg/howr, The materia) was
atomized at temperateres of sbout 140* £ by means of a
pisios purmnp with 8 vortex chamber nozzle, in air st 20°
. The toiz]l residence time of the praduct was & min-
utes. The corformed $o the purity requirements
of USP XVIH and had the following particle size distri-
bution:

1%« RO pin
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9% < 160 pm ]
0% < 212 pm — ~continued
ﬂ?mlmwrm celluloaa % E‘
EXAMPLE 3 Muwize siarch 123
Crystaliine phenacetip was fused in the twin serew 3§ Elighly dispurec filica 1%

deacribed in Exsmple 1, at wall temperatures of 270" C.
The residence time in the screw was 1 minute and the
throughput rate was 26 kg/hour, The melt was atom-
ized at temperatures of about 140° C by means of a
piston pump with & vortex chamber nozzle, in air ag 20°
C. The total residence time during which the product
was exposed to heat was 4 minutes. The solidified prod-
wit had the requisite purdty znd the following particle
size distribution:

100 < 91 pm 1%
509 « 168 pm
0% < 247 pm
EXAMPLE 3
Crystalline phenacetin wag fused in the twin screw 20

described in Example 1, 3t wall temperatures of 210° C.
‘The residence time in the serew was 1.5 minute. The
throughput rete was 17 kg/bonr, The melt was ayom-
ized at a temperature of 142° C by means of a piston
pump, with a vortex chamber nozzle, in water at 20° C.
The total residence time during which the product was
axposed to heat was & minutes. The solldified and Grisd
product had the cequisite purity and the folloving parti-
cle slza distribution:

10% < 38 pm

50% <« 104 pm

o0 < 230 pn

EXAMFLE 3
{Comparativc}

Crystalline phenacatin
Micm-crystalline celluloas
shwrch

300

bl

Maize Hn Fl ]
Highly disperas ajlics 2

I (e i 0

The mixed constituents are converted to tablets
welghing 580 mg on a 20-stamp rotary press with one
COMPIELSOn FoN, 3 B machine outpol of 25,000 1a%h-
lets per hour.

The rablers have a low hardness and show marksd
layering and capping,.

The example confirms statements in the literature that
erystalline phesacetin cannat ke comeressed dipsetly
into tablets.

EXAMPLE &
Melt-mprayed phenacetia g
Mnﬁ'-?m'ﬂllﬂl.n: callulpss fog 55
Makra sicch bLE
Highly dirperse sliica _2_5

As a resull of teplacing the erystalline phenacetin by
melt-gpeayed phemacetio, ableting wpdas the same con-
ditions ax in Example 5 gives tablets which show no
layering, no capping and good hardness. The tablets of
Example 5 have a hardness of 1-1.5 kg while the tablets
of Example & have a hardness of 5-6 kg

EXAMFLE 7

Mehapmied phenacatn g

10

25

0

s

40
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A mixtuze of ihe conatituents in the steted tatlos s
converted to tablets weighing 350 mg on & high speed
press. Tablets of hardness 3—4 kg, which show na cap-
ping and no layering, are obtiined &t an ootput of
100,000~ 150,000 tablets per hour.

EXAMPLE B
Melt-spwmyed phenacelig b
&t‘ﬁﬁnn ? g i) E
rc-cryntaltine st Kl
i[%:ﬁ BLanch - " fg
y dinperse BHica ol
Magnesdein stearite 0,333

The composition of Exemple § differs frowm that of
Exampie 7 in that magnesinm stearate is added &3 lobri-
cant. The addition of lubricant can largely be omitted if
the desiced tablet 32 flat faced and has no marks im-
printed in it. IT the melt-sprayed phenacetin i replaced
by crystalline phenacetin in Examples 7 and 8, tablets of
harduess 0.5-1 kg and which show severe capping are
amMained.

The superiority of the melt-sprayed phenacetin gran-
ules over crystalline phenacetin manifests iself not only
in conjunction with further agditives, as in the preced-
ing examples 6 to & but also when the material iz
pressed by wself, withoot additives. The maximom
achicvable crushing strength of a test tablet of 20 mm
dinmeter and weighing 2 g is approximately 1.% kg for
crystalline phenacstin 2nd approximaiely 4.4 kg for the
melt-aprayed phenacetin according to the inveation. In
these expecments, the wme paﬂi.cba e favze {6314
160 g} and the same compressing speed (4 strokes/mi-
nute with 8 reaiprocating tableting machine} were usad
for both types of phenecetin.

What 15 claimed is:

1. A process For preparing melt-spraved apherical
phenacetin granuies which comprises passing crystall-
ing phenacetin through a melting device having heated
surfaces maintajined at temperatires of from 150° 1o
300° &t such & rate that the total residence time of the
molten phenacetin in the melting device does not ex-
ceed 20 minutes and the average residence tirne does not
caceed 10 minutes, and atomizing the melted phenacetin
thur prduced.

2, A procesy according to clamn 1 wherejn the meli-
ing device comprikes a plurality of intermeshing self-
cleaning ECrews,

3. A procesy aceording to elairm 2 wherein the melt-
ing device comprises two like intcrmeshing ac}f-clean-
ing a¢rews arranged i & housing for rotation in the
game direction and baving clearances between the
acreny flanks and bedween the screw cresty and the hous-
ing of less than 30 X 10-? times the diameter of the
SOTew.

4, A process pecording to clain 4 wherein the phe-
nacetin is heated to & tempersture oot more than 10° C
ahove te melting point.

5. A process according to claim 4 wherein the phe-
necelin is fused by passage through a melting chamber
having walls maintained at a temperature of from 156°
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0 00 C a4t tueh 5 Tate That the e 2. The process accocding 1o cleipn & wherein shout
o the T e phsacein B AN 409 by weight of said grenules have pcicle sizes of
stata no mors than 10 mingtes. from about 20 to about 500 wm,

6. Substantially spherical melt-zprayed granales con- 10. A compressed pharmaceusicsl tablet comprising
isting esseutislly of ; uced i . 5 phenacelin as a therapeutic agent wherin the phenace-
HORE £ he ¥ of pure phenacesin produced in accor- ~ 3 " which s compressed is in the Form of substantially
dance with the process of clait 1. gpherical melt-sprayed granules produced in sccor

7. Spheciesl melispieyed aranvles of phenmceting dance with the process of cleim 1.

: ; : 11. A tablet zccording to claim 10 which additionally
to about weight
aﬂmrdmg. cm & in which 0% by 10 contains at lesst one filler apd at lesst one binder.
bave particke sizes of from about 20 to abont 500 um. 12. A tablet according to claim 11 wherein the fller
8. In the procsss of preparing compresaed pharma.  includes a:)}eust QT;le member szlected from the group
; snacetin in g Consisiing of an edible carbohydrate, mannitol or ailica.
ceutical tabicts containing ph produced in ac 13. A tablet according to claim 12 whersin the filler is
cordance with the proces of claim 1 s o therapeusic |5 starch and Highly dispersed silics.
agent the improvement which comprisss tebleting a 14 A tablet according to claim 12 which additionally
compasition is which the phenacetin s in the form of ~ contins a lubricant, ) . .
) 15. A teblet acconding to claim 10 which additionall
substantially spherical melt-sprayed granules of pure . aroioe saffeine, ' ¥
[J] ti 0 LI BN R I
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METHHY OF PRODUCTNG A ¥ITAMIN
PRODUCT

RET ATEL APTLICATIONS

This applictlion 5 a coptinualion-in-part of S, apphi-

carinn Sur N ORA00. 207 Tilee Awe. 14, 1996 DS, Py No.
5,686,652, the contents of which are ineorporated heeein by
eeloronce.

FIEL OF THE INVENTION

e presenl imveniion relbes o g moihal af peoducing
particulatc maicoial whler from heal scnsivc auiritonal
supplemet madcreals. The parpotlaly malenals bave 3 desic-
able partivle siee,

BACKGROUND OF THE TNVENTTON

Mitritional supplagenis s as lovophers Sosipouios,
alay designawed a5 wilamin B, are gdlive components in
vepetahle eils, Vitamin L activity cefers 1o the physiological
gotivity af this grongy of quiritional matsrials, batenal,
having & vitamin L activily ail Felony 0 g disgnel serics of
compuunds which arc all decivalives of chroman-fi-ol, Thuse
componnids are wll oool deeivatives haviog an Gopoonodd

{1G-sidechain. The e “ecal™ s used o mean 2«methyl- —

2o’ BLI 2 rimethyhiridesyDehtoman-G-ol. Fhose com-
pounds are alpha-, heta-, gammi-, and della-tocuphenal, and
are ol primary inponanes for vilamin L acieeity, O (hose,
alpha-tocopherod has 1he highest vitunin B aetivity and is
the méwst valuable, The invenlion alse elates o other nute-
enl supplemeonts, such as phyiosiernls vitaming, which hive
relatively low meliing points aod arg dillicull 3 foom ioto
particulare malerials.

The maturally oveurning foeepherol homolags are geier-
ally igaliful froun naparal preducts such as vopeizhlc ol
sourccd by various combinaticons of procedurcs soch as
eslerificalion, saponification, exiraction, distillivion, oo
exchange, adsorption chromalography, precipitation of
&lerols, amd crystallization, The locol concentrates isolaled
will wary depending on (e patlianlar separation echnjgue
wsedd 0 addition o the vegelabls source. Onc speh
eoncentrate, for example, contaios mixidres of tocoplueoel
wWidh spprovimachy 05 oy weoipht cesidual steeols and
hydrogachioms,

Aowell known commercigl aciivity is the coovension ol
WoshprneTod, amd gspeciay d-aipha-tocophcrs], ime o solid
lorm for gonvemient beman consumpuon. One of the Test
melhods compnenzially nsed W solidily 1ocopbernl s 1o
prepars Snopberl soccimate, Yepically, woophoryl spoci-
nate & prepared by reacling tocopherol with suceeinic
anhydride, and then solaling the hall esicr procucy by
arystallinaitn. Retemenoos deseobing methots of this navere
are described Io LS Pan Moo 3,538 119 and in British

Palent Mo, 866,489 Apother reforence which degcoiles hoth

Lhe preparation oF alpha-oeopheryl snecnne and s Teeom -
ery is British Patent Na. L4150,

For mediginal and heahbl applivations regquiring
tocnpheral, solid tocopheral derivatives are preforced. b i
desired hat such tocouphers] derivatives e capable of dis-
sulving in an agueous selution and be highly potenl wilh a
figh degree of vitamin L hiclogical aclivilty per wait, The
preparabion of tocopherel derivatives s eeseriled in ULS.
Pat. Mo. 2,680,749, which duseribes, as 3 prelerpsd meihod,
redeting locopherst with a suitable palyhasic acid anbydridu
such as sneeinic eold anhydride uonder vsual estetificaljon
cond pions.
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Tocopheryl succinate, which 1% a vilamin L, melts al about
TI_FE® O I % = while solid material which ar redm
teingeratue b waxy and lacky and which has pooe Mow
propceies. Furthermore, the commerncially available 1o0o-
phery] sneginate ordicarily has 2 broad panicls size diste-
frutinn wih many tne particles which causes the powder to
b cesbesive and o oo Jurnps,

A number of atempts have Been made 1o prepare Frec-
Berwing tocopheryl suecinate with amd withoo! additives, A
prior art method s disclesed in US. Pat Moo 3,551,457, e
this method weopheryl swecinate s beated 1o mel i, o, 1o
et 197 T, and the nell s poured joto 4 shallow pan 5o
a5 Lo Fearmt a lawst Daving 4 thickness of etween 0.3 and 2.5
em, after which the melt s allowed 10 hasden and crvstallize
oves g petioad Bl 1224 houes. The respiting mass is then
ground al a bow temperatuce, preferabiy at a omperatere of
alwal =50% €,

Hrish Parem Mo, AT LH) discloses another mcthogd of
prepacing frec-flowing, powdered lecophery] succinate hav-
ing a high bulk density. To the methad weopheey] snccipate
i sl aedd dhe el s dispersod o an mgueous solunon
comtaining & thickening agent in the form of methyl
celluloss, amd subsequently the dispersinn formed is quickly
ezl s w0 s e aphies ¥l sceinde W erysialiiae
o Tornd dine particles which are separated and dreied. A
product thus prepared Bas a refatvely Proad patticle s
chsiribylion which carses peobloms w the woatmant of e
prcifuct in koown labloting machings. Furthermeore, the gse
of inethyl cellulosc axs thickeming apenl fesalis in a cortgin
tackiness which Impans to the groduct 2 sodengy 10, adbere
to e, pans of the tablelting rmachine.

LIS, Pal. Wo, 3,870,196 { Thorengaard} discluses a method
of prepacing, possdored, frec-Nowing, tncophery] Swocinabe
baving a high bulk densily comprizing melting a mixture of
wieoplicryl suocinaie and wax, spraving the mel oo spray-
g ene eoniaining 2 ¢loud of 3 powderipg agenl Sonsistog
ol fine tweophery! smocinate and an additional powdering
agend, ard maintaining ihe proguct formed moa uidid
sfate Ty inlroduging cocling aic anti] the lwocophery! sucei-
vate particles have bardencd, apd separating the produc
formed imlo 2 prddect fragton aod 8 fee {ragtion, and
recyeling the fine fragtion Do the Spraying Zonu.

ThoygTigaard teports 1hat allempts o prepare oeophery|
spccenate in ke form of particles coxted wilh other apenis
1hat the pnes deseribed above bave not produced sglislaciory
rusulis a5 thess altempls bave resuled in (be reduelion of the
copheryl succinale conent of (he Aral product. [ s saled
iliat 1his 18 ungesitable beeaose o e sulsequent prepaca-
tion of nigh-dosed capsuies and tabilels sipee for sueh use a1
s dlesitable that the stacting matcnial containg 3s mouch
tocopheryl succinate as possible and hat 8 alse bas o high
Protle domtity.

Phytosierols nay he used in the present invention aod arc
also derived from the plant kingdom, and some of them ane
esiraiode WalTHIemA) supptetnems Pecause they are Pelicved
o cecluees cheleslernl,

SUMMARY OF 1TIE INVLENTION

This (nventinn relates o a metbod of prducing & par-
tigulate ouiciliona supplement comprising heatiog o mass of
(e notepional sepploment woan tlovwed tewmpeintore w
form « plastic mass and coling said plastic mass 10 foom 4
solid The clevansd temperatuee s low cnough than a plasic
mass is fermed bul the notritona] supglemnienl gonipsition
1% mot eomplelely meliel. Thus, the temperatere of the endine
mass will ot exeeed the melting point of the putriional

T
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supplement, "The mass is Lypically divicesd imn discrete
ponioas, &2 mmlriple ropes of exgudate, prior o cooling
aml setting. The calmuder may he fE wilb an injeclicon
nicldinge bead Lo foem lablers directly or with an alomiser
head 1o Foem partectlales. T'he mass s predferably cssenlially
free of geded physiolaically iocrt Dinders, ¢ natucal or
symhetic pelymers that arc added thereis, The material can
comprrint Tdtutes of maetiads, the murinenat supplement
acling aa a4 nutritienally aclive marix foe other ouirijional
supemeits (vitarmins minctals and rhe like) not capable of
hizhaving plastically, aod thus less desdrable ws 2 muspionaily
aetive mateix. The proferred aclive matrtx nuiniiona] supple-
ments are logopheryl sucginate and phylosierols.
Unexpeciodly, ihese materials ace holeved fo exbaliit plasiic
bohavior vpon Beating angd are defined 2 “plastic gutritional
supplements™ o avedd e awkward “nutrtional sepple-
meals fhat are capahle of becoming [Hastic wpeon beating,”

Jencrally (he nwelud s wseful for providing jrer icolate
materials (roun relatively low melling poinl materials wihich
ars slow o erysoalize. The mixione is mixed and heaesd o
£ & plastic mans Vhe plaziic mass & preferably extrnded
and cooled, then growd w fem the particulaie matecial. All
gquantities horein, cxcepl in the examples, are wdersicond 1o
b tresdificd by talour”

DLETAILLD DESCRIPTION OF 1106
INVENITON

This inwention relites wr g method lor preducing parlic-
laie materials. The starting material is 2 selid material and at
nit point in this proeess of siec enlargemon = the mass of
milerial healed ahove s meling poicl 50 a8 1o mell the
endirg mass of material. Thusg, the plastic mass ol maceil is
a shapeable, ep. muoldable or extrudable, material as
gl o Dully Topedad b Vi prosboet of Wt process s,
i & sense, agplnmeraled particles ol the aetrijional supple-
awend matcrial amnd e proccss may Be charaeterized as an
agelomeraiion process. The putritional supplement mastials
which can be processed by the meixst of he invention
comprise miterials which arg solid a1 40° O amd are molten
by 170° €7 Prefecally, materials which are solid a1 45° O,
anel are mo e ar 1O 1255 O, and st peeferahly materials
that are solicl al 50° O and wre molen a0 %0° O, when wsing
tocophry succinabe,

Eaarnpies of the dorve indlude orgamic malerials such as
esaophery] suecinane and phylosterods and Theie derisvarives
such s sterods, staneds (hyerogenated sternls), steco] cators
anil slanal esices, Spocific woanples of these phytstends
and their melting poiols inglude: alpha-sitostered {164-1606°

C), bota-silosterod {1407 (0, gamma-sitestessl no daty), |

campesterol (157--1587 O, sligmastersd (17707 Ol slignis-
tancd (144~ 145" €}, hrassicastera] (510527 ) and
ergostanol (144143 ), Blends of phyw sterols based on
plant exirzcls thal mell between [33—191° €7 gre 43-53 wi,
T beta-siiosternl, 2020 wi, B campestens], 71U w,
stipmasieral, less then 2wl % stigmastanol {aka. bula-
siiostannl), [ess than 2 WL % campesianal, 2wl % brossi-
caglerol. Ad least A0 wt %ogoiive sieral aed stancd i the
plant cxicact s desiced, the balanoe heing eeopheral,
squaiene and other (Hanl wax imporitics.

To the almwe getive matpices may be added pateitional
supplements with Jess plasiv beltavier as salid state solu-
tions or insoloble pacticulate o and ofls.

These nuerilional supplement additives of lesser plastcity
inclucle vitamios sech as: vitamin A (retinol, reliny] palmi-
fate amd relinel agetate), vitamin Bl (thiamin, thiamin
hydrochloride and thizmin mononifrate), vilemin 132

15

25

KUl

R

All

=

T

L

4

Cribodlavim, witemin B3 {niavin, nicotimic acid and
niacinamide) vitamin BS (pantolhenie acid, ealeium
panlathenate, d-panthensl and d-ealcium  panlorhenate),
wilamin N6 {pyridoxing, pyridnxal. pyridosamuone aud gye-
doxine hydeochloride), vitamin B1X {cobalamin and
cvanocobalamind, folic aced, Tolale, Mlagin, witamin IT
Chisstingd, vilamire O (ascorbic geid, sodivm aseochate and
caleiem wsootbate), vitamin I (ehelvealeiferol, caleiferol
and ergocaleiferol), vilamtin E {d-alpha-tomepherat, J-beta-
wreopheral, d-gamma-ocopherol, d-defla-tecopherol and
-alphaActreryl actlalr and wlamio X {phylioquinon.:
aml phyiomd ione).

MWutrilioral supplement additives also nelode mincreals
b as borom fsadivm viloaboraie decabydrale), celciem
{ealeinm carhonate, caloidm cageinale, calnnm citeate, cal-
cium gloconate, caleium laclate, calcium phosphae, dibasic
caleium phosphate and iribasie esleium phesphate), chio-
miurm (g ehromivm Feonn yeast, chromium acedate, cho-
miem ¢hloride, chramivm eichloride and chromium
picolinale) copper {eoppet glucopale angd copper sullate),
Buorine {flennde and calvium Mueride), ioding {polassium
ielicle), teom (Ferrous femarate, ferrous plocoate and Hee-
rows sulfate), mapgecsiem (magnesium cacbonate, magie-
Biumn plleomate, Tagmaesittl nydionite w00 magnesiom
oxiee), mangiocse fmangancse gleconale atd manganese
sulfalg), maelvbdenum (sodium molybdae}, phosphoms
(libasic caleium phosphale, sodiom phosphatc), polsssinm
(postassimim asparlate, polassiumg cileate, potassium cliloride
amd penassitane gluconare), selenium (sodibm scleniie and
selenium [eome yeast), silicon {sodiem melasilicaie), sidium
{sodium chlande), Strootiom, vanadium (vanadiom sullae)
aml Fine (eine peotate, wine ¢irate, #inc glusonate and =ing
sulfata),

oot o seprtement addives also Inclode sl acids
such as: alanine, argimne, asparapgine, aspactic acuwd,
caritime, cirrulline, cysleine, cysline, dimetbyplycing,
pamOora-droinokulyric qoid, glatimee weid, pluiemio,
alttathione, glycine, hisidine, solengine, levcine, Lysing,
methionis, ormithing, pheaylatanine, proline, senne,
taurine, thoeonice, Wyptophan, tymsing and valing,

Mutrilional supplement additives also imelude animat
extrpcls sueh as: god Tiver oib, macine lpids, shar caililags,
oyster shell, bee pellen and d-glucosamine suliate.

Muirijotal supplement sdditives also include unsalorated
frev fatty acids snch as: linoleic, arschidonic and loelenic,

MNurriiienal supplement additives also include herbs and
rlant cxoraets such as: kel pecting Spireling, fiker, leethin,
wheat germ ofl, safllower secd oil, flax sced, vvening
primease, borage Gil, Black corrant, pumpkin soud ofl, grape
Cxfract, grage seel oxtraa, bark enteact, plos bark oxirad,
fremel marifime prine hark exrect, muira pUama extradt,
fennel sged cxteact, dong guui cxtract, chaste iree berry
pxiracd, allalfs, saw pulmelte boory cxirdcl, grocn Wi
cxtracts, angelice, satmip, savenne, comitey, garlic, pinger,
pinseng, geldenseul, joniper berrics, Licorice, olive ol
parsley, peppermin, valerian, whits willow, yellow dack
atel yornpa Frdde.

Nrwtritional supplement additives also inclode cpgymes
such ax; amylase, protcase, lipase and papain as well az
mispclinoeous subatanes sach oy memaguitomy, chobine
{chuline hitactrate), inosiol, carotencids (heta-carotenc,
alpha-carvene, weaxanthin, crypioxanthin apd lutein), para-
aminobenenic acid, betains NCT, cicogapentaennie acid,
oimepa-3 [ty acids, sipha-lipoie acid, kiotie acid, 1,2-
dithiv]ugg-3-peatancic aeid, 1L2-dithiolane-3-valeric acil,
Aavancids, Oavaopones, ilavones, lavoaoks, iseoflavoous,
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proantbreyanidices, sbgpmeti proambioyapiibins, viamin
Acaldebyde. a mixtire of 1he componpenns of sitamin Aq, The
17 Witamins (0, 1=, [y and DY which can be treared as o
mlixlorg, dscorhyl palmitate and vitgnin K,

Sume vilamins sueh as mns vilamin Ay, Y, 13 cli-cis
vilamin A, aod d-zlpha tecophcee] are Liguids a1 room
remperawre. However, they can be readed by the method of
the invergion IF ey are beated o 4 ouxiire with other
vilaming having melling points within the reguined rnge as
I as e mixiues can e solidifivd at room tempergiwne.
Ve method of the inveotion can e ntilived o oo par-
ticulale materials fram vitaming which have meling poiots
above 170° £ if they are mixed wilh the plastic putrien
supplements, tocophery] suecinare apd plivlosheeals, having
teltinege poies wittin a &3° O 1700 ) range,

The methed af the invention is particelarly wseful for
provicking mistures ol wijaming in parigulaie form whick
wun b egsily tihleiod or psed e G capsmbes.

Vitamins which are liguid af mem temperalere sycke as
vilumin B (c-togopberal), vitamin K, of viamin L acetats
czn Tw mixed with the plistic outrient supplemeats and
formce ws particuiate marials Ty the method of 1he ipven-
1ion.

Mutritinnal sopplenenis with meluing poings higher 1han
1T L2 wan e missed with plastic novticma) sopplements.
Wihen the nutritivas] supplements have 3 melting podnt Yar
above 1R0® O, the patticles of any addilional suppicments
are swpporced o2 omatcix ol dhe lower melling plasic
supplements. The giixinre can wlse cuntsin vilamins which
are liquid an roden (emperatine as long as the mixlure (high
melting poind vilaming, vilaming which sre mollen at wm-
patatures from 0 O (07 O antd dguld viamins) s a
solid at roont temperature.

The process will be deseribed in pelauon o the vitaanine
toeoptherol suecinade but i is realized thal the method can be

aprlied o phytosierals s well and mixtores of plastic and -+

lass plastic nwiritional supplmnents. The pregenl ipvention
permils Lhe manufaeiwre of multiple vitamin fornwlatioms i
pattioulave form whbch car b sty Wd o madhines for
amlemalically lorming 1ablers and HNE capsnles. Also, the
extrpder can he fiihes! with an injecion meldigg head com-
prising a gdis with runnees and tablol shaped cavitics to [orm
talsives or puils diccotly or fteed with an aiomizer head 1o
form pariculates.

The marerials which cap De proceesed hy e method af
Wt ieeenton mctote single mantonal supplements and
mixures of supplentents in varable proponions. The pro-
portions are dependunt upon the physical propertics of the
malerials n dbe mdxluce and in paplicedae their moetting
pains, Generally liguiel supplements can Goly be miiacd in
gaall portions with materials which see liquil inihemseives
at 0% 7, or 500 O Nigh melting poind materials (meliong
poiid ahomes 1707 0% San e wibed wivh Torsven matting prodi
materials it higher imoonts 23 long 25 the produgt has
sulivienl sireneth 1 v comminuted witheur crambling o
prochrcing, onaceeplalle amounts of Jioe parlicles.

The invention will be duseribed i relation o the prepa-
ralion of powder wpcopherol succinate bul the rmethed ean be
applied to olhee plastic awiritional supplements whicl melt
in the Tanpe of 407 O 1797 UL alond, o adiniciurs with
each edher i o adnaixires with viamies which arc Jigqeid ac
teinperatures Telow 40° {7

The vilamin nalerials which have melting pints frum
A0 o 170, can e difficalt o preprares in 2 pariizulaie
foerm oo a commercial seale due o the difficully with
solithifying some of the compusilions if ey are melied. e
prresent mehod dues oot Torm 2 el of e malerial bul omly
hoats the material o a wmperadore 41 which g plastic miss
which can be extruded is formed. Formation of a plastic
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Mass pelnits rapld solwibication of ihe material alter the
material is fovoed from the exiouder,

The teryweratyre of the malerial i the exliuder is below
e mglting podnk ot p‘;‘hﬁ'.ii: oA L seppriemeTis T
at a lemperature a1 which  plastic mass s (ormed. Generally
the ternperature of the plastic mass in the exiruder will be
Fromy 2° C. b 23% {0 and prefurahly ol least 5° O below the
muiing pewm of the plustic supplements which mell withio
the rapge of 407 O to 1707 O The teonporalire §8 conlnoltee!
at the polnl where the mass o the Xiruder 88 plastic ool
muaften, The peadncte of (v inveanion are sebsntally e
of mrritionally inaclive binders for the plastic outricnt
sepplemient which forms the particulate material. While ool
wishing to be hedd to any theory, jt s prssible for a matcrial
Wy eoal s melling qempersiere but wet nol compHelely
Tiguitivel-

The qmecotion will e descerled 10 eclagen to lonming a
periter romn the patiial seecinme acid exer of 2 1ocophors
thercmafer oeapberol suecina): however, the metined gan
he applicd 1 form pacticulaie material frome the plastic
nutrittpnal supplemrents, mixtures angd ather composilions
herohefore described.

It typical embodiments, the process can be characterizcd
us cxtrusion of o plastic mass of pariculale Iecopbery)
T {Preferaiiy the garfing malerial comprises i sulh-
slamhial poetiom, o8- al Jeast 5% by weipht, of particles which
pass Wrouph an 80-anesh (U5 standard) sivve) whereln 1R
teingeraiure of 1he particuladc materizl is suflcicnt to plas-
(ity 1he miass, bul insuficienr o mell b of the solid particles
ol said tocopheryl steecinate. The lotopheryl succinate 1 be
used io the practece of the invention is 1ypically in the Iree
avid foren. Hleseever, pharmaceuticalty acoepiable silis, o
the soclivrm or polassium saliz mey also be escfl,

Thu weephery] seoinale o other plastic mutritional
supplemenl used 4% @ SlArE, mateedal in this oeenion ame,
tvpically, initially imthe Lorm of parlicnlate material which
can be mixed wilh odber vitirrns somc ol which may b
Liguicl.

The reopheryl succimale s prefeeally frec of sedud
iactive inders, Exarmples of inders include water-soluble
celluloses, pregelatinized starches, and warse-solubly mac-
romolecules, The warct-solabls gellulosss incleds
hygeonvpropyleelinloge, hydroxymethylevllulose,
hydrosy propy Ime i ylee lulose, c rhoxyme thyleelTulose and
metbvlegllulose. A pregelatinized siarch 53 product
obratmed, Tor example, by heating 2 dispersion of starclh in
watcr, tollowed, as desired, by dryinp. Exanaples of watee-
aolubic macromolecules includes polyvinylpyrrolidom (&g
MW, L0100, 000, polyvieel aleobo] {eg. MW,
LGRS0, ONTY, cexdtin, gum aTabiic, Kum acacia, and gela-
tim. The weophery] stecvinate 15 also trprically sssentially freo
oof solwents such a5 watur or onganic solvenls, oo aleotuls
feaz, ey aleonl, einy) oot sopropyd aleohol) and
ketones (e seetone) angd hydeoearbons, {e.g. hexanc)

The tocopheryl suecinate particelale malerial is subjecied
wr sufliesient hwat aned presogrs W0 mnder i plestic, o,
e wmperalure muost be low coough thal (0e entirg Mass
docs nor melt, Withool wishing o be bouod by any pariicu-
tar theary, unluss oflerwise expressly noted, il s believud
Yot o predoriinem poction by weiZnt of the Mass roains
as solid padicles, Tt e dhese paciictos are mixed with &
phase of the oopheryl succinate that is rendered wid as a
eesult of b Bueat andior presure, Upeoen exit of the e ling,
plastic mass Feorn the pone of beat anddor pressuce, the fuid
phase reverts to solid lorm nrch more quick(y than a fully
girelied liguid of webpheryl suceinate.

An extider has becn found 10 be partiowlarly wseful in
fcreming amd shaping the plastic mass of woeophery] sucoe-
pate. Lxtruders are generally deseribed in Kacyolfopedia of
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Palymer Scionce dnd Ragincering, vol, 13, pp. 2027007
(John Wiley & Sops, Tne,, MY, NY 1988) the disclosuce of
which is incorporated berein by reteoence. The exruders
useTul herein may vary, Alihouph sinple serew extrirders can
be cmpioyed, prefermed exinuders arc the twin sceew cxind-
s af which the costolwhing edn seqed eoniders arg capo-
clally preforred. ¢ jrerlicwlar indeqest arc the so-called
“eoaker cxiruders™ which provide for heating of the mate-
rizis which gre imfrodhuged withen the cxrmuder. Varins serow
conligurations can e employol. For example, serows bav-
g crimbinations ol cloonasmts tar frading, mikwe, PommEing,
sheacing, and the Hke, can he sclecled as desived for opti-
miuen results, Serews baving sections or eélements which
ProvEde felalpvely g oitpul ¢apacifies, which have inlor-
rupted o nonconjygated flights, or which are “counter-
Oigghted™ cr eeverginge alao can e eniploped. Vploa) sorvee
elements as well as serews having eombinations of stch
clemends are available from cxtrededs manefictorers, The
lengih to digoieder ralio of 1he exireder will ty pically ranpc
from 10 to 5021, The plastic mass s peeferall divided ke
dizenue worsioma, vypically by paesage heowgh A dic having

a Plerality of openines therein. Thos, dies for practicing the °

imvenbion lave o molliplicity of veey small dis openings, or
lwles, All openings Tor any one die are prefecably of cguai
si7u (i egual inogeca dimension). “The openings may vary
tevan 0L W & Tilirneer dlameier For Miferend dies, Squarc
ar el -sided apenings may be used, bat ideally, the open-
ings are circwlar o give 3 eylindrical shaps to sesalting
extrusionrs. The dic is prelerably oriended m oa horizontal
plane Jor verical passage of the extmded material throgh
the dic. Bwch vernesl discharge helps o preven) the minial
malerial thromgh the dic from fowling the die openings. A
Do ked clies plate, 10 e healed b2t wmp eedote of the s
exlruder wone, 5 alo preferred,

A pantwulatly vseful extroder is the Wonper TR-52
exlruder, cemmencialized by Wenger Made[acitring, Inc. of
Salwiha, Kans., provided with twi rotalable, Dighted male-
il advanoiig sercws Ticeew dlements of 3Z-mm diamersr)
with a woiul of 3 bareel seclions and tecminarsd io g spacer
plate g, The screws will typically be iummeshing aoel
co-ratating, T'he dic plate vepicelly will have six dig inserts,
typriccally arranpued in o hexiyonal design, with a number of
hiohes of the desirgd dmcier in cach inserl, trpically from
25 1y 100 Desless, each hole cvpically baving a diemelcr of O]
e e 2 T, prcbeeefly loom 04w we 806 . The desipgi
nf the Wenger TX lioc of cximders 15 deseribed in VLS,
o 4 K75 847, which is jpcorporated by reference bercin.
The exlrador 15 designeed 1o heat the contents thenesl and Lo
cxpuse e contenls 1@ sipnificant compaction and shear, The
reoperaee o e gondengs o Ve axtroder sheahd e amain-
Taiped syficienily low swach lhar the cotiee mass of lago-
pherol suecingle s ol melsd. Thus, the deimperaduree of be
etire contenls of the cxiruder showk? not W allowc o
cxeoed a temperaiur of 72° O 1ypacally, the emperaiurg of
thre ymass WAL T Behers TUP L miie Drploatly bedow 5% (7,
Tepically, the tocophery] sueeinale will be o s the
cxrrder at ambient termperatung, and will bs eraclually
heated v a tfemdperature af 537 O o 657 O moce 1ypically
1o 8 lemporaluee of B0° €7 63 O, Jost paioe o ol of the
el Toomm fne cxmrecer, With 4 live seclion eximder, e
ser lentperature of e beating mediung will iypically I 457
C, 1o 557 O in the 1iese twas seetinns (o, oonkemis v those
twi Seutjons typicadly 01 30 O 10 38% (), 307 Co1o 60F ¢,

in the third anl Fourtl sections (e.g, conmenls in i sectieo ®

typically 52° €7, to 56° O am? 1o the feurih seetion 53° O
S07 Chand 55° Ot 62% (7 in the fast section (e.g, conlens
in lasd section 0% Ot G2° O T rpay boo desizalie o
cxpruse poctions of the plastic mass o, ¢.g. thal poction of the
mass 10 conlact Or eldse prosinuty with the mterior wall of
the hareel of (bt extroder of 1he dic plaic, oo lemperatanes
that are in exeess aof 72 O cp 73° 0 1o provide tubr-
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cation of the wall or (e plate. In such a casc, howeyer, one
should cpgure thal the entire mass will ool reach & tempera-
wre honre 7% O ke melviveg, wioperstore of oeopbe e
suceinate, The maxirmum pryforred temperatupe when using
rwzofthery] seceinats 2o it mixtores with  ponsplaseis
supplements, i 123 {0 The product will typically be Jod o
an exireder such as the Wenger TX-52 al o rate of 700 75
b wnt e serew spoed wil) vyplcaiiy be Imween [Hllmm
and |65 jprme.

The geoduat of the extmusion il be o matesial which,
upon conling, sels 1o form 3 solid product within 2 matie
mitules, pically Jess than 1 howr, moce tvpically al most 30
minttes, and more preferalyly ar mosi [0 minues.
Preferably, 1he mass sels 1o solid foml in g malter of & few
sepzaneds, oty Groms b seotomad e 30csconnds, 11 has Teen
Tound that (he materi] which takes 3 relaively longer lime
to sol (whigh typically results whoen tie plastic mass is
heated? to 2 s relatively hiph jemiresiure) appesrs o he
hardur afier sciting than the material Which sets mone
ipedckly. This matceial which scts more qulckly is Hus, mare
frapiic and friable than the material which takes a looger
Girme 10 set, Por mzterials which oeelr ot wempegaiuces of 440°
i may be necessary o Use Sooling means 1o form 4 solid
frovm the plastic muateria] mome quickly. Cooling means such
a5 conled el or consled gases pessing over the material can
he wsed, Tiguid nitropuen o garbon diokide can be uselsl,

The exipedate Wil rpaally Y owm e form ol 2 repe or
pluradity of repes which can then be subjected 1o st
reclue et e obtaim a product aving ihe desired pacticl: s,
Siee redugtion i discessed in Enipefopedie of Chemicaf
Techrolum, vol 21, pp. [32-162 (John Wiley & Sons, Ine.,
WYL MUY 19RTY he disdlosuee of whidh s incerporited
hereio by gelorenye. The apparalus ehosen For s cedodLion
is prelecally ooe which sccomplisties size reduction by
impact, and with minimal, f any, shear or compaction.
Examples of proforred sive recuciion apparaius include s

F sk ¥ G pin i, o sogh anils, dhe tocophery] secginale

will come inlo comlact wilh sieiking menibens, 6.8, hars o
pins, altached perpondicularly 1o the plane of 2 ssiling
meimber, ¢ & disk or plate, The impaet of the toeopheryd
sugcinale will cavse a reduciion in the s of the padicles
thereof. There s prelurably no surlace in contac! with or
wilhin elnsg Wolerance of 1he striking memlwrs so that there
will bo [itthe of no shoas of gavpaetion, o tpprsed e e
impaet, applied W e padicles, The chaanber of such @ mill
ts lypically hounded with g screen with openings therein
which will allew margrial of the desired size lo cxit the
¢hamber therethrougl, An example of a prefereed jmpact
il g K mpvoeded SMA-1H Proma WM, Praver Indusines, Inc.,
Chicago, I Such a grinder cun ivpivally produce 60
poundsdhr when operated a1 a tip specd ol 10 metersdaecond

ln prefurrcd ernbosdimentz, the ekimdaie will be inoan
clongaded fonn, e.g. inpes, which bave a diameter of roughly
1o s2e desired of the powdered perlicle, ¢, foom 0.4 mm
tr (hfr mm. Thus, the sige mduction will serve larpely 1o
secluge the clongated dimensen of Gu popes W soughly the
give of the diamcter of the rope. OF cotrrse, the sive reduction
process will also servs to break the particles along the axial
direetsoon as well, s that he averape diameter of the
resuliing product will Beolesg thap the divmerer of rhe
s lowgatsd, stacuing, matsial,

Prueing st reduetion, the wosphery| succinate should be
maintgingd Below the melling poim of the peoduset., preler-
ahly at or below ambicnl wmperature of 25% C. Cooling air
or ather cooling oid, c.p Lgeid nimeen, can be mtroduced
Wb e matig haemhet woenol the produel dueing sice
redugilon.

In rypical opeearion, e piocess will emtail sdroping
wepphers] succingts powder ina a feeder which i e
feeds the powder W an extrudor al A conwralled rate. The
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extruder Deats the powder with shear and pressuee o fopm 2
plastic mass of matecial that & not Jally neled. The presseee
generated by the exirpder [oTces the plastic materal throveh
dic cpenings al the cod of the eamrucler barre], Upob exiiig
Toe extnuder, the exiuded materisl s veriically discherged
onto @ bell. The bell conveys the oxtruded maerial Toc
sufizon Hme for the materind o Batden 1o g sohd foem, The
hardencd materix] then falls off the end of the belt imio
eoarse crushing wheels which break the straoeds of erloedats
intes shoriee, bl =il elongaed pisces. The size reduced
rizlerial falls intnoa bolding bin prioe 1o passing 1o & foeder
Wi teedor hen Teeds the s reduced matergal tn a prinder
al a vontroed rate, e grinder s cooled © preven) materiel
eoam mueltimg, e privder redpces 'ne panicie sive of the
malerial 1@ & desired range. The grows] malenial is then
sereened o renmove particles covslored oo Tage {00, thogs
retained ara 1d-mcsh seeeed) and too small (hose passed By
& 120-mesh sercea). The material which is too smell oo be
adged ko e feed of the extder and e material which is
toge Jarge can be addedl dothe Fecd of the gripder.

e produgl can e charpclerized as 8 powaderced Sompo-
sillon. I desired, i care be sieved i order (o ol a desired
preim sy doeteietien. AR enoesetvely ine composition
undesirable becatse ol ils poor Rowability in charging inte
dics i tablelting, An vXogssively coarss compositin
pnsnied for admixture wilh some orher composition and
morenwer causes weihl flectuation in ablel masufaciure, A
Tploal Tower Ttk on grain sie s 1ypicaily s maxinuem of
5% by welght of the pralos through a 120-mesh sicwe,
Typarally, the prodact wilt bavn dess than 3% retamed on 2
I4-msh sicve. Peelorably at least 853% ol the material wiil
prass a 25.mush sieve, but will he waaed oo S0-mweeh
sieve.

The mesh sims as definegd inothis specilication aee thoge
spegilied inothe relevan S stameland (as published dn
Hangbork of Chemésery and Physics, p U-158 (57 the o,
CROC Press, Chemeeiand Ohlo, 197000 Sand rmesh shoes and the
CorredpRencing sleve opeaing s dre shown below.

a5k Hitvq oporing s [mMicrneiers)
1 2JKED
n RAG
RO 130
12N 15

Vi anotner crodiment of the invention the tocophery
succipate or the phylestem ! plagiic weirdiona] supplements
iy bo atoprived, Usimssion invelwes terning 1o ioeopbend
suceimale or The phylosterd imie a Muid mass without {wlty

melting it, lemizing il iote spheeical pariicles snd allowing,

the parlicles 1o harden e g drew foawing powde,

I extrusio the kcatiog and shear in e extrocler forms a
plastec: mass oof malerial. The viscosity of 1he plastic material
can by conorotled i the extreder 16 allow 11 4o be more fluid
{lesz viscons) Yhe pladie, fowable mass can be extruded
dircetly inie a speay ozl with suficient vescosity o allow
it b algmiized, The oorele atomives the material o
droplets, These droplels are allowed to fall Tor o 16me
sulficient 4o allow theme o harden aned lnose helr plasticty,
The hard particles are gollected as 0 free Bowing posaler.

The spray nodehe of choice in this case & a Mo Quid of
ynree Yould spray newde. Tnoa e fuid nowerle the one fluid
i5 Ik plastic, Bowahle material and ibe sevood fleid js air or
ghuam Gor exteony) whomesatio, Yoo three Broad neceds aie
orstealm is mixed ingide the ooede with the plasiie, Rowablo
materdal and the lhird futd i air or stweam for cxterngl
atoinization. An iner gas like nirggen or 4 foid ke Hoguid

An

1)

4

B
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milrogen may zlsa be Used. A ceolilugal wheel alomirce
rovey alne b waid.

This process is sirfler b prilling bl the material being
prilied in net folly melicd.

A desirable allribute of this process o hal it fonms 5 mgre
sphorical pamdele which has belier fow properdes fan
cylipdrical particles amd it eliminales the pecessity of 2
peanfing step.

Vaestails of indnsiriad atomn zation of 1bis (ype may be found
in US. Pal WNo, 55458917 o Cheruloert e al , incocporaed
herein im s entiredy ax 10 00 set Toelh ig Ml

The Aocophery] succinate and phytosicrols acennding, 10
the jovention can be used as rw malcrals in the mannfae-
teere: ool fewenphery | sngiinang and phylespeoal cintaining uh-
b amdd capesuies. Yomeiting of the powader is carnied out by
a copventional methed in the prescree of & lobricant ame, i
ngecEsary, some other doog swdeiadnos aadinr on gAcplem
(.. faciose, suciose, tanniial), As said lubrican, there may
he mcntencd those lubricants which are osed in onoven-
tivgal tallel mapufaciure, such ax siceric acid and stearaes
(e, magnesion stearabe, caloiun stoarate) and talc. Thoe
amaunt and kind of (e Tubrcant are sclecieel Within such 4
range a5 to give jablens which sce practical from the sicength
amed Meintepratian Yiewpoet. Vepiealy, @ s wsed inoan
amont of 4.1 e 7 percent by weight based oo be main
arfive substance, OF the lubricanis, @ stearile o floaric weid
i typically addoel o an amestent of ad least 0.5 peccent by
weight bascd vp e main active substance. The above-
mentioned atker drug substance can include a vaciely of
vitwming, aiineral, and other distary supplements, The com-
aressin w sarmpally eatiied oat upder the contiiion of 1o
2 nfem?,

The {nlkoowing craples sl fusiaie the itbveniiom amd
should not e constrogd W Ll the inveolion, exoepl as
cxprossly noted i lhe appendod claims, All parts, ratios s
prrecmlages stated Bereln arg by weight goless noded ofbur-
Wine Jn ol

LXAMPT LS
Example 1

Togopheryl suceinale powder {available from Henkel
Corp., Ammbler, Pa., as Covite] 12100 s chacged 10 2 Wenger
¥ -5 earader. Yie extoder had Bve bamed sections, the sel
temperalure and sctual temperature of the conlcts of each
section bedng el Bl gt low . The dis consisted of o die plate
with six inseris cach baving #1 openings, cach opening 0%
R n diameder. A 907 albow was altached W (e end ol the
exteeder. A sk mserl dic plate was altaches! w the cod of (ke

. elhon, Thromgheou! the 1ria] Coteilod 12100 T8 Heokel Corp.,

{oafreamge Y was used as e Jesd For the caimcder. The
exteuded mmalerial was discharged velically downward, The
(h.5 mnem dic inseokg waspe e only mpeert wyod duying (e rial.
The renneog condilings 6 the rial are Lisigd i the following
Table 1.

TARIE |
R 1 2 x
Fred Beltw Spd Lpa) =N — —
Ll rupdes Shnd: Fpcad? 11 [ B
pm;
Euer. horar. | ond (7] id A AN
Fone #l Septacl (O ALNIN a2 a2
Fone §2 Balhes 1707 Rl A Az SrLE
Fone 43 Redtaa. OO SEEY Shisk 8550
dane mq Selfaen (7 OL) e difidl il
T #E Rahida 0 00 e £l L
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TALLL | -continues]
Rug | 2 k!
Lie Coniag, e VA, Banla bxilx fox Al o= (LS
L5 min A mm
Tawl Tie OIpgoung, et 2875 PR LRI
fone M4 Irrese, Tkpa) I e EL ]
P #5 Pocas, (k2] 51 [- e e} 210
Bate [Xgihe.) ki 72 T

The produci of ruo 2 of e above extrusion was ihen peoupd
i 3 Yruma Sh-0% impact mil, Prater Industrics, Chicagn,
Hl. For gach run 1he maieoal was loaded into a bin anel Ted
intet the prinder wsiog 4 vibraliog fveder, The screcn sur-
ropnding the ipeller hid beles of approximaely 2.4 oun.
{This size is [anger than dhe particles which pass theough ke
serpen hecause the angle al which e particles tepically
approgeh e sereen cgses e appareet dismuler ol ghe
hodes 1o e smaller dhan 2.4 men) The ruaning, eombivions
2nd sereening rosults of cach trial are listed i Table 2,

TABLE 2
Hun = 1 2 k)
Koror Tip Sroed (nis) 11 1 )
o Load!Bun [oad Tz THIAH LED L3N
Yreh Rite |I'|'|11:"r||".| al 1z 112
Y on 1d Mea® Seneen - — -
Toan B b o S E na
s on 30 Mewh Seeeen FLR 13,2 TE
g on 4l Myl Screens %33 450 S
G oon A Mosh Seseen RX) Alia K]
Moy 120 Mesh Somen 3 1.6 A
. om 740 Meh Sewra — 03 1.2
ua Leas Than 140 huesh 0z 1.2 As

BUres

The process has been desceibed morelafion 10 forming
pacticulale toeopherol seeoginate (vitamin B augeinaie). The
Method can be appliced o other plasti: wdrical sapplement
TR PO 0

Exapgple 2

As in Lxamgdle 1, hossever the eximctate was blasied with
fimpadd itz oo a5 gy b e exoruder to plomeae the exonidale
anuter pachiculates.

Lxnmpl 3

The cxtruder of Example 1 s fined with an injection
medeling heast o onder oo matd tehbo diewetly

x4
A leqel of sfernls as deserahbed ahove (comprising bora-
stosternl, campestered, stigmasterod and brassicasicrol) aod

availzble as Ciencrol 122 {TM Menkel Coep., LaGrop:, LY
15 exiruded oo marner similac o Lxanple 1

Lxamyple 5

A blend ol siernks o doseninod above toompeising bota-
shastere], campesterl, stignastcrol ane Arassicasterel} amd
adiluble oo Urovered W EYW ekl Cotp, Talnange, 110.)
iw extruded o a maneer similar o Exampls [

Lixample 6

The extricler of Dxample | s filied with an gtomiziog
powzle that aicmices the exiredale to form s froe flowing
porwadier

12

e prosent vendion requoes thal the mawoial 1o b
trusted, whether it is 3 single owiritional supplemen) or &
hieiute of rodTiien suppleientd 1ooa lemperaites ol which
he mixture 5 a plastic mags bud got molten and cooling the
oheleniat o s 3ok fommn, The solidified matenal can be
commivulcd W Form particles within a preserbed size rangs.

b ks oeriicad thal the cntire compesilion nof e melgd.
Melling, rhe gmire composition makes the materiz| diffiealr
s ooid and sohidhi Py Tt compositon 18 hogled and mixed at
4 teemperalurs al witich the migtuee 15 plastic mass bul po
W gymplenety metted, ity oot koown whether the com position

hecomes plaslic wilhout aey poclion of the composition

eing melked oroa porlion of the gomposition becomos

molten 2o gauses egplomeration and plastification of the

camposilion. Bod elfects may occur depending on Jhe
15 pomposilion,

If the comprmiion i an unseparaiced mixturg of several
dillervne materials, the composdion may exhibit a broad
softening range rather than a sharp mmelling point, These
vompsiions are prelerably hoaded fo 8 leqperatuse ab the

2o o end ol the soflening raoge so that the composition can
b gooled and solidificd mo rapidly,

if the compasition is a mixturs of paricles ol ddleeent
compasiios, B can bo processed Moectly by the provess, of
thu imvention or the nrixmre can be boomogenized by Known

e, Meiheads Iofoce I g trealed By dhe pracess o Wit soveetiing,
Homogeiteation i parlionlady esefol wheo one of Lhe
magberials [ L commpasitlion 15 & Vol b e e i e,

What is claimed (s

1. Apoooess for proadwaing & Subsianvially phopsciogically
Tier) Binder free, particulate compasition wherein the binder
copsiis csenslally of a plasyis iutinhonal suppiemcnt which
PrOHESS COMmpTises:

Beating a vnesm of the plastic arteiieral supplenent 1o 3

teenperature not alove sl 1707 C, edlective to fonm

w phastiy b pot complelely mollen, miss of maleral,
exirrding e plastic mess of material ipto 2 least one

elongated fonm;

conling the elongated form fer a suilicignt Tios Gt

elongated fore o gel to & solid Jorm; and

s commiteing the selid G,

2. A provess of producing a substantially binder free
pacticulate conpesilion COTTESIBG 3 PIAslic AU oo
steppement which comprises:

habime @ mass of Toe plasie cuiriional supplement o an

clewited temperaturs elfsctive 10 oo 4 plastic, bol not

u'm1p‘1u|::‘j)? meeien, Mass Of mraerial;

exirrding e plasiic mass ol manral @b an amtizer

hezad; ane

atormizing 1 plastic mass of matorial D pactocles.
s0 & e provess of elaim 1 wherein the heating is acgom-
plishged an an cxioigioen gane.

4. The process of claim L whorein e clongated fom is
a rope havitg 3 diaenster of omy sl 001 mam v s 2
miten.

5, Thy prcess of claim 4 wehesein de dametes s fom
abour 0.4 i 10 abeut 06 mm.

6. The procees of claim 1whatsin the tlongaied ooy
w0 g anlid dorm within one howr of e beginniog of the
woeling of e clongaled Garm,

7. The process of claim 1 whercin the elongated form sebs
w3 walicd form withio sbvout 30 o of Y e intdne of
copling ihe elonpawed oo

¥ The provcss of claima 1 wboogin e clonpaied Lorm sels
161 & selid foron within about 11 minies o1 the beginning of
coaling the clomate] G,

65 9, The prooess of claim 1 whercin the ¢longated fomm sels
ter 1 solicl Toron i Leses thian abont A sevomids of th beglening
of cooling the clengated fonr.

Al

A5

a3

55
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10. Ihe process of elyim 1 whereln the sodid Torm s
womEmrnied vy impacting the solid form.

LL. The peocess of glaim W) wherein the aommaiawting
docs ol cormract the pariicles,

12, T procwss of claim 1 owherein Tne =0lid (otin is
comuminuied inan impact 2ooc whers thers is no contagt of
impagling meinbirs of [he impact Zooe With «n oppesing
surfage of the impacd wne.

13 1he process of elaim 1 wherein the comirintied

proaloct hus 3 parucls sige distribufion whepsin ned moee

thar 5% by weighi passes throttgh & P20mes sioee,

L4, The poowgess ol claime | wheresin lhe comminuted
privduct has o partkle siee diseiboiion whentn less an 5%
by wiphi 35 relaloed an 2 14 mesh sieve,

13 The prwess of claim 1 whersin the commipuied
prociuct has o particlo gieg distetbgtion wibesein o) e aoo
25% by weight of the comomennlee! prodocy pagses tirowgh 2
25 mesh My wnd s retained on ¢ M-mesh sleve.

16, The process of clatior 1 wherein the plastic auatigonal
smpplement is selecled from the group consisling of woeo-
pheryl succimaly, phatosiesods and mixvures thoreof.

17. The provess of ¢laiem I whercin e ghytosterels arc
sefrcied from the groop consisling of sternls, sterol eslers,
slanuls, slanol eslers endd aixlores thegeol,

1R, The process of claim 17 whersin the slerols are
gredaated G the greep commiaing of atphe-sitesienl, bota-
sftosterel, gamma-sicosicrol, campesterond, stigntastonol,
nrssicasiern] and mixieres hereol,

19, The process of <laim U7 wdwrein e stanods ace
sclected fram the prowp consisting of stigmasiano),
egostn, campeslanc] and mixiures thereol,

20, The process ol olaim 17 whorsin ohe alunosterets
OIS

st g it pishesqed;

CAMPERIETL;

gligmagrerol; ol

brasgicasteral,

TV Mo prowcess of ciaim 17 whersis the phytosicrols
v;_'nn]prr,s-u:

aboul 43 1o aboul 53w, % Delaesitngterdl;

aboul T2 W gbont 36w, 5 campesteen];

aant U7 s ahoat 19w 9 Sigmasterol; and

abont 2wt 5 brassicaste o, wheesin st 9 is hased om the

total pland extrac,

21 The product of Fie process of claim 1, wherein said
product comprises phytosterols,

23 Aprocess of producing a substantially physiologicaliy
[tweert Dipclee Croe, pasuionlate cemppaosinnn wiersin the hinder
vonsists cssentially of 4 plastic nalcinenal supplement which
C[]m[.'ll'l.‘iﬂ.:}i:

et ing a mass of the plastic paritonad sepplemert 10 an

clovated epperalury cffcorive (o form g plastic, bur oot
completely molien, mass of malerial;

shtreding Whe plastic Tkt of matenial @i g0 anpeclioo

rawalefing heash; wacl

melding ablels of s2id plastic nuritional sapplemen.

24, The pregess of ¢laim 23 wherein dhe clevatesd fom-
peraiure is not above about 1707 C.

25 The process of clim 23 wherein the heating s
rreo il ished i an wxbnusien 2o

5
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20, The peozcss of elaln D3 wrbercin e plastic quiridena?
supplement is selected froun the group consisting of toco-
pherpt soecinsie, phyisierols and mittures iherecf,

27, The process of ¢laim 26 wherein the phylosierals an
selveied from the groupr comsisling of swerols, sterol esters,
glanods, slznol cstems and mikileey heeo

28, The provess of claim 27 wherein the stetols arg
sielocted {imm the group consistiog ol alpha-sitosiero], bera-
siivsreenl, gamma-sitosterol, captpestere], stigmasicrol,
rassicastern) and miviures thereof.

20, The process of claim 27 whetcin the slanols are
selocted feome dhe proop consisting of stigmasianel,
campesianel, grreslanod ot Toivuses thepeol,

30, M process of claun 20 wherein the phytosterols
COrmY eI

bty -siteslaoaly

UL,

sligm asierol; dad

Prossbas T

31, The provess of claim 26 whersin the phytostenols
LotIrise:

et 4% b abhot 55w a-sitostern];

about 22 10 dhout 26 wi % campesterod;

aboml 17w abowl 14 wi, % stigmasicrod; and

wiooul 2wl B hrssicas e, wlerein we. %hois Dased on

thi teaal plant extract.

32, The fablets of the process of clajim 23,

33 Yhe partiches of e process of dim 2, whoerein stid
[rarlicles comprise phylosmrols,

34 The process of claim 2 wherein 1he clevabid tlempgra-

P s el ghose sl VT

35, The process of elaim 2 wheretn the heating is recom-
piighiu In AN cElrusion o

A6 The proecss of claim 2 whoeein the plagtie souitionat
supplenient i selectod from the group consisting of weo-
prlreryl strecingbe, pheatosicrols and nnxigees thereof,

37. The process of claim 36 whercin the phytosierels e
seleeied from e wroup consisiang of slerols, sterol esters,
stapols, slannl clees aod mixtares e,

34, T process of claim 37 wheredn the sicrols gre
selpeted S the proup consisting of alpha-silosierol, beta-
sitewsieenl, pammg-stosierd, campesicrol, siduegstensl,
brassicasters] and miktures thercol,

. The peecsss of clabm 3T whereln e stanols are
stlected frem the group copsisting of sligmastancl,
ergoslanol, campesterol and mixres thereof.

40, The process of clabm 37 wheoin the phvtosierola
Tl el ST

Frve-gioseml;

campesienc!;

stigmasterol; and

hrassjcasdii,

41, Tho process, of claimn 37 wherein the phyledasmls
COMpTiS!

abomt 43t abou 53 wi, F Dela-gilosiene];

ahout 3T 1o abwut o g, T CoiiposAsTol;

alvond 17 b abaoud 19w 96 stipomasiercel; and

abont 2w, S bragsicasient], wherein the wi % s baserd

an e el plant exlrac.

EIE T T
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EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION
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Bogota, D.C.,
Doctor: OficioN: 0464
Carlos Reinaldo Oiarte Garcia
Apoderadc
ASUNTO: Radicacion PCT N D8-53410
Tramte 011
Evento 379
Artuacion 440
Faolios 011

Con fundamento en lo previsto por el articulo 43 de fa Pecisibn 488 de la Comisidn de
la Comunidad Andina, se lg comunica que ja oposicion presentada por ia doctora
Eliana |saura Moreng Bohdrguez, en su alidad de apoderada de Procaps S.A,, reline
los requisitos formales exigidos por la ley al momento de su presenacion.

En cumplimiento de Io dispuesto en la citada norma, s & concede & &mino te
sesenta (60) dias habiles siguientes & la fecha de notificacian del presente oficio, para
que haga valer sus argumentaciones y presente prijehbas.

Notifiquese el presente oficio conforme a lo dispuesto &n el pumeral 5.2, literal e}, de!
capitulo quinto def fitulo primero de la Circular Unica N® 10 de 2001,

ALIX CARMENT A CESPEDES DE VERGEL
Jefe de la Divisidn de Nuevas Creaciones.

i

Ei anterior oficia fug notificado por fijacion en hste de fetha,
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