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Re: PI.-JANSSEN PHARMACEUTICA N.V.-Solicitud de Patente de Invencidn

en Fase Nacional PCT para "COMPOSICIONES FARMACEUTICAS QUE

COMPRENDEN UN COMPUESTO FARMACOLOGICO BASICO O ACIDO,
UN_SURFACTANTE Y UN_ACIDO O UNA BASE HIDROSOLUBLE

FISIOLOGICAMENTE TOLERABLE, RESPECTIVAMENTE".-Clase A61K

9/48. -Expediente numero 05-051.116 .-

Yo, ALICIA LLOREDA RICAURTE, mayor, vecina de esta ciudad, identificada
con la cédula de ciudadania ndmero 39.690.713 de Usaquén, Representante Legal en
Bogotd para todos los asuntos relacionados con la Propiedad Industrial de la sociedad
JANSSEN PHARMACEUTICA N.V., organizada y existente de conformidad con las
leyes de Bélgica, domiciliada en Beerse, Bélgica, atentamente manifiesto a usted que
interpongo Recurso de Reposicién contra la Resolucion nimero 30041 dictada por
el sefior Superintendente de Industria y Comercio el 31 de Mayo de 2011 y notificada
por Edicto fijado el 10 de Junio de 2011, por medio de la cual se niega el privilegio de
patente solicitado para la invencién contenida en el expediente de la referencia.

I. FUNDAMENTOS DE HECHO

(1) El 25 de Mayo de 2005 se presentd ante la Divisién de Nuevas Creaciones de la
Superintendencia de Industria y Comercio (en adelante SIC}, una solicitud de Patente
de Invencién en Fase Nacional del Tratado de Cooperacidén en Materia de Patentes
(PCT) para "COMPOSICIONES FARMACEUTICAS QUE COMPRENDEN UN COMPUESTO
FARMACOLOGICO ACIDICO RESPECTIVAMENTE BASICO, UN SURFACTANTE Y UNA
BASE RESPECTIVAMENTE ACIDO HIDROSOLUBLE FISIOLOGICAMENTE TOLERABLE", a
nombre de JANSSEN PHARMACEUTICA N.V., sociedad organizada y existente de
conformidad con las leyes de Bélgica, y domiciliada en Beerse, Bélgica.

(2) La solicitud mencionada fue admitida a tramite por ese Despacho en vista del

cumplimiento de los requisitos establecidos en la ley, siéndole otorgado el nimero de
radicacién 05-051.116, |

(3) Posteriormente, en virtud del Articulo 38 de la Decisién 486, la SIC expidid el
auto No. 13163, notificado por fijacidn en lista de 1 de Julio de 2005, y mediante el
cual fue notificada al solicitante la objecién con respecto al titulo de la solicitud.
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(4) El solicitante dio respuesta oportuna a dicho Oficio, modificando el titulo
orginalmente presentado por el nuevo titulo; "COMPOSICIONES FARMACEUTICAS QUE
COMPRENDEN UN COMPUESTO FARMACOLOGICO BASICO 0O ACIDO, UN
SURFACTANTE Y UN ACIDO O UNA BASE HIDROSOLUBLE FISIOLOGICAMENTE
TOLERABLE, RESPECTIVAMENTE".

(5) Posteriormente, el extracto de la solicitud de la referencia aparecié publicado en
ta Gaceta de la Propiedad Industrial No. 575 de fecha 30 de Abril de 2007, surgiendo
para el solicitante la carga de solicitar la realizacion del examen de patentabilidad de
la invencidn cuya proteccién se pretende, asi como |a de pagar la correspondiente tasa
administrativa. El solicitante, estando dentro del término previsto, mediante memorial
de fecha 22 de Octubre de 2007 solicitd dicho examen, adjuntando el recibo de pago
que acreditaba la cancelacion de la tasa administrativa mencionada.

(6) En virtud del Articulo 45 de la Decisién Andina 486 de 2000, la SIC expidié el
Concepto Técnico No. 3083, notificado por fijacion en lista de 14 de Noviembre de
2008, mediante el cual le fueron notificadas al solicitante las objeciones formuladas
por ese Despacho respecto del cumpiimiento de los requisitos de Reivindicaciones

relativas a un usc o a un uso distinto' y Novedad? con base en las ensefianzas del
documento US 4,596,705 (D1).

(7) FE! solicitante dio respuesta oportuna al requerimiento realizado bajo el Articulo
45 de la Decision Andina 486 el dia 11 de Febrero de 2009, refiriéendose a cada una de
las objeciones expuestas por ese Despacho en su Concepto Técnico No. 3083,

(8) No obstante lo anterior, y nuevamente en virtud del Articulo 45 de la Decision
Andina 486 de 2000, la SIC expidié el Concepto Técnico No. 1311, notificado por
fijacion en lista de Junio 4 de 2010 mediante el cual le fueron informadas al solicitante
las objeciones formuladas nuevamente por ese Despacho respecto del cumplimiento
de los reqguisitos de Claridad de la solicitud y Nivel Inventivo con base en las
ensefanzas de los documentos WO 0122938 (D2), WO 9926607 (D3) y el libro
titulado "Encyclopedia of Pharmaceutical Technology" (D4).

(9) El solicitante dio respuesta oportuna al requerimiento previamente mencionado el
dia 30 de Agosto de 2010, refiriéndose a cada una de las objeciones expuestas por ese
Despacho en su Concepto Técnico No. 1311,

(10) Sin embargo, en respuesta a lo anterior la SIC expidid la Resoluciéon numero
30041, dictada por el sefior Superintendente de Industria y Comercio, ei 31 de Mayo
de 2011 y notificada por Edicto fijado el 10 de Junio de 2011, mediante |la cual se negd
el privilegio de patente para el objeto reclamado, argumentando falta de claridad y

! Ihidem, Articulo 21.
2 Ibidem, Articulo 16.



JOSE LLOREDA CAMACHO & CO.

Calle 72 No. 5-83 Piso 5, Bogots, D.C.  Tel: 6069700 Fax 6069701

sustento en la descripcién de las reivindicaciones, y Nivel Inventivo de la invencién a
la luz de las ensefianzas de los documentos WO 0122938 (D2), WO 9926607 (D3) vy el
libro titulado "Encyclopedia of Pharmaceutical Technology” (D4).

Son los hechos aqui enunciados los que dan lugar al presente recurso de
reposicion, sustentado en los siguientes:

II. FUNDAMENTOS DE DERECHO

Como fundamento de mi recurso me permito manifestar ante ese Despacho que
el contenido de la Resolucidn ndmero 30041 evidencia que durante el examen técnico
realizado a la solicitud en cuestién de ninguna manera se considerd el alcance, objeto
e importancia de la invencién denegada en su verdadera dimension, esto es, no se
consideré el valioso aporte técnico que representan para el arte en cuestion las
composiciones farmacéuticas que son reveladas en la solicitud denegada.

En efecto, a pesar de los argumentos proporcionados por el solicitante en
respuesta al Concepto Técnico nimero 1311 de 4 de junio de 2010, en la Resolucién
impugnada ese Despacho mantiene las objeciones frente a la claridad y soporte en la
descripcion de las reivindicaciones, asi como frente al nivel inventivo de la solicitud,
argumentando basicamente que:

"...el capitulo reivindicatorio no revela de manera concisa e! objeto de la solicitud
y no se encuentra enteramente sustentado en la descripcién, razén por la cual no
cumple con los requisitos exigidos por el Articulo 30 de la Decisién Andina";

Asi como también que:

“...la reivindicacién 1, tal como se reivindica, es obvia, porque dicha persona,
enfrentada al problema de "cémo obtener composiciones con mayor solubilidad y
como consecuencia una mejor biodisponibifidad”, incluiria vitamina E TPGS, va
revelada en D3, dentro de las composiciones que se ensefian en D2, logrando de
esta forma la composicién objeto de esta solicitud”.

Por consiguiente, a continuacién me permito demostrar ante ese Despacho que la
presente invencidn si cumple con los requisitos de claridad y nivel inventivo
exigidos por los Articulos 30 y 18 de la Decisién 486 de 2000, respectivamente, toda
vez que la informacién técnica divulgada por el solicitante en la descripcion de la
invencién soporta plenamente las composiciones farmacéuticas establecidas en el
capitulo reivindicatorio, las cuales a su vez se caracterizan porque permiten de
manera sorprendente mejorar la biodisponibilidad de los compuestos activos
pobremente solubles en agua, lo cual de ninguna manera habria podido ser
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predicho por la persona medianamente versada en la materia a partir de las
ensefianzas del estado de |a técnica anterior,

1) Consideraciones frente a la claridad y el sustento descriptivo de la

Inicialmente me permito manifestar ante ese Despacho que el capitulo
reivindicatorio de la solicitud de patente en cuestién encuentra pleno sustento en la
descripcidn de la invencidon y también revela de manera clara y concisa las novedosas
composiciones farmacolédgicas desarroliadas por el solicitante, toda vez que:

= Para el experto medio en la materia, -quien es la persona interesada en la
informacion técnica contenida en la solicitud de patente en cuestién y quien
puede ponerla en practica-, los elementos de las composiciones
farmacoldgicas reveladas en {a presente invencidn son absolutamente
evidentes, a saber: un compuesto farmacolégico basico, vitamina E TPGS y un
acido hidrosoluble fisiolégicamente tolerable, en donde la relacién de
acido:compuesto farmacolégico es de 1:1 a 100:1 en peso, 6 un compuesto
farmacolégico &cido, vitamina E TPGS y una base hidrosoluble fisiolégicamente

tolerable, en donde la relacién de base:compuesto farmacoldgico es de 1:1 a
100:1 en peso;

= Adicionalmente, con base en io mencionado por el solicitante en la descripcion
de la invencién, para la persona medianamente versada en la materia es claro
que las composiciones farmacologicas alli reveladas permiten obtener una
solucidn supersaturada de un agente activo que presente baja solubilidad en
agua, siendo dicha conclusion el resultado de los diferentes ensayos realizados
por el solicitante con diferentes agentes activos, tal y como se menciona en la
descripcion de ia invencién (donde se divulgan los resultados de las pruebas
realizadas con dos agentes activos diferentes: 4-[[4-[[4-(2-cianoetenil)-2,6-
dimetilfenil]Jamino]}-2-pirimidinilJamino]-benzonitrilo e Itraconazol) y en los
articulos cientificos escritos por el mismo solicitante en relacidon con la
invencién en cuestién (R. Vandecruys, et al.; Use of a screening method to
determine excipients which optimize the extent and stability of supersaturated
drug solutions and application for this system to solid formulation design, Int'l
J. Pharmaceutics 342 (2007) 168-175 and M.E. Brewster et al., Comparative
interaction of 2-hydroxypropyl-B-cyclodextrin and  sulfobuthylether-j-
cyclodextrin with itraconazole: Phase-solubility behaviour and stabilization of
supersaturated drug solution, Eur. J. Pharma. Sci. 34 (2008) 94-103).

= De otro lado, considero de gran importancia sefialar que en la reivindicacion 1
de la solicitud en cuestion se menciona el limite inferior y el limite superior de
la relacidon que debe existir entre el acido 6 la base y el compuesto
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farmacolégico dentro de las composiciones reveladas por el solicitante. En este
sentido me permito aclarar que si bien en dicha reivindicacién 1 aparece el
término "al menos" como parte de la frase "...es de por lo menos 1:1 a
100:1", dicha expresién hace referencia Unicamente al hecho de que es
necesario que la relacién acido/base:compuesto farmacolégico sea, como
minimo, 1:1, y como mdaximo, 100:1, mds de ninguna manera puede ser

-entendido como un_mecanismo para proteger cualguier otra relacién por fuera
del rango alli definido.

* Asi mismo, con respecto a las expresiones "un compuesto farmacolégico
acido” y "un compuesto farmacoldgico basico” que también son mencionadas
en la reivindicacion 1 de la solicitud en cuestién, me permito sefialar que con
base en el contexto de la invencién y ante todo, teniendo en cuenta el
problema técnico objetivo para el caso en cuestion, es claro que dichas
expresiones de ninguna manera corresponden a una generalizacion
inadecuada del alcance de la invencién, toda vez que el desarroilo técnico
logrado por el solicitante implica haber obtenido un mecanismo para mejorar
la solubilidad en agua de los diferentes compuestos farmacoldgicos basicos y
acidos que muestran baja solubilidad en agua, y gque por lo tanto presentan
una biodisponibilidad baja.

Visto lo anterior, me permito manifestar que el capitulo reivindicatorio de la
solicitud de patente en cuestidn cumple a cabalidad con las disposiciones de
patentabilidad establecidas en el Articulo 30 de la Decisisén 486 de 2000, toda vez

que es claro, conciso y presenta pleno sustento en la descripciéon de la
solicitud.

2) Principales caracteristicas de la invencién denegada

De otro lado y antes de continuar con el analisis de nivel inventivo, inicialmente
me permito realizar un resumen de las principales caracteristicas de |a materia
revelada en la solicitud de patente denegada, con el fin de reiterar ante ese Despacho
el verdadero objeto y la importancia de la invencién en estudio:

La presente solicitud se refiere a novedosas composiciones farmacéuticas
que proveen un mejorado perfil de disolucion para el compuesto activo,
proporcionando una mayor solubilidad Y por ende una mayor
biodisponibilidad a dicho compuesto activo.

En la actualidad, muchos compuestos farmacol6gicos -si bien poseen propiedades
terapéuticas deseadas- se utilizan de forma ineficaz como consecuencia de su pobre
solubilidad en agua. Al respecto, en el estado de la técnica anterior se conocen
Numerosos mecanismos para intentar mejorar la solubilidad y por ende Ila
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biodisponibilidad de tales agentes activos, entre los que se cuentan la derivacién
molecular del farmaco, el aumento del &rea superficial del agente activo, el
acomplejamiento del compuesto farmacologico y su mezcla con agentes surfactantes.
Sin embargo, dichos mecanismos implican diversos inconvenientes técnicos, entre los
que se cuentan la disminucion en la eficiencia terapéutica, el aumento de la toxicidad,
las dificultades de administracién al paciente de la nueva forma de dosificacion y la
restriccion de uso debido a las caracteristicas fisico-quimicas de los agentes activos.

Sin embargo, el solicitante de la invencidn en cuestién ha encontrado de manera
sorprendente que la combinacién de un compuesto farmacoldgico bésico, vitamina E
TPGS y un &cido hidrosoluble fisioldgicamente tolerable, en donde la relaciéon de
acido:compuesto farmacolégico es de 1:1 a 100:1 en peso, 6 la combinaciéon de un
compuesto farmacologico acido, vitamina E TPGS y una base hidrosoluble
fisiolégicamente tolerable, en donde la relacién de base:compuesto farmacolégico es
de 1:1 a 100:1 en peso, permite aumentar el perfil de disolucién del compuesto
farmacolégico y por ende permite mejorar su biodisponibilidad.

Tal como se analizara en detalle mas adelante dentro del presente escrito, el
solicitante de la invencidon en cuestion ha logrado demostrar que las composiciones
reveladas en la reivindicacion 1 de la solicitud rechazada por ese Despacho permite
obtener soluciones supersaturadas de compuestos terapéuticamente activos que
difieren en caracteristicas fisico-quimicas como el peso molecular, el pKa, el volumen
molecular, el log P y el drea de superficie polar, razén por la cual dichas novedosas
composiciones representan un importante avance en el estado de la técnica en
cuestion.

3) Consideracion écni fren las ensefianzas del revio

Ahora bien, teniendo en cuenta las caracteristicas técnicas mencionadas
anteriormente, me permito manifestar ante ese Despacho que las composiciones
farmacoloégicas reveladas en la solicitud de patente denegada presentan un inequivoco
caracter inventivo con respecto a las ensefianzas de las anterioridades mencionadas
en la Resolucidn ndmero 30041, esto es, frente a los documentos WO 0122938
(D2), WO 9926607 (D3) y el libro "Encyclopedia of Pharmaceutical
Technology”. En este sentido, a continuacion me permito realizar un analisis
comparativo detallado entre la informacién revelada en la presente solicitud y las
ensefianzas brindadas por dichas anterioridades.

3.1. Consideraciones técnicas frente al documento WO 0122938 (D2)
Basicamente, el documento D2 ensefia composiciones farmacéuticas de

compuestos antivirales que pueden ser administrados a mamiferos, -particularmente a
seres humanos-, que sufren de alguna infeccidén de cardcter viral. Seguin los autores
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de tal anterioridad, dichas composiciones comprenden particulas que pueden ser
obtenidas al extruir por fusién una mezcla que comprende uno o mas compuestos
antivirales y uno o mas polimeros adecuados solubles en agua y subsecuentemente
moler dicha mezcla extruida.

Teniendo en cuenta lo anterior, a continuacidn me permito presentar ante ese
Despacho las siguientes consideraciones técnicas frente a las ensefanzas de D2:

= En primer lugar considero de gran importancia sefalar que dentro de las
ensefianzas del citado documento D2 no se menciona ni se sugiere que un
compuesto como la Vitamina E TPGS mejore la solubilidad y aumente
la biodisponibilidad de las sustancias farmacologicamente activas
(acidas o basicas), razon por la cual la informacion contenida en el citado
documento D2 no afecta el nivel inventivo de la solicitud de patente en
cuestion debido a que de acuerdo con lo mencionado en la descripcién de 1a
presente invencion, la inclusién especifica de vitamina E TPGS es
fundamental para que las formulaciones farmacoldgicas reveladas
permitan aumentar de manera efectiva la solubilidad de los
compuestos acidos y basicos pobremente solubles en agua.

De conformidad con lo anterior, me permito dirigir la atencion del sefior
Examinador a los siguientes resultados de ensayos de determinacién del
porcentaje de agente activo en solucion en funcién dei tiempo de dos
diferentes compuestos farmacolégicamente activos (R278474 e Itraconazol), a
través de los cuales se demuestra el sorprendente efecto técnico de
supersaturacion que se presenta al utilizar Vitamina E TPGS como agente
surfactante.

En primer lugar, se evalud el porcentaje de compuesto active en solucién en
funcion del tiempo empleando compuesto R278474 (4-[[4-[[4-(2-
cianoetenil)-2,6-dimetilfeniljamino]-2-pirimidiniiJaminc]-benzonitrilo),

utilizande como sustancia acida fisioldgicamente tolerable acido clorhidrico
0,01N, una temperatura de 37°C y una concentracion de surfactante de 2,5%
(los surfactantes evaluados fueron Cremophor RH40 [muestra 1],

Dodecilsulfato de sodio [muestra 2], Polisorbato 20 [muestra 3] y vitamina E
TPGS [muestra 4]).

Los resultados obtenidos de concentracion (%p/v) del compuesto (R278474)
farmacoldgicamente activo en funcion del tiempo fueron:
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Tiempo
. Muestra 1 | Muestra 2 | Muestra 3 | Muestra 4
(minutos)
5 56,67 42,00 64,59 91,75
30 51,60 25,00 58,40 83,50
60 50,70 24,20 57,00 76,25
120 50,30 23,50 56,20 75,25
pH final 2,11 5,97 2,10 2,36
Solucidén de DMF
o 0,37 0,46 0,37 0,53
adicionada (mL)

Perfil de solubilidad del compuesto R278474
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De igual manera, se evalud también el porcentaje de compuesto activo en
soluciéon en funcién del tiempo empleando el compuesto Itraconazol,
utilizando como sustancia acida fisiologicamente tolerable acido clorhidrico
(,01N, una temperatura de 37°C y una concentracion de surfactante de 2,5%
(los surfactantes evaluados fueron Polisorbato 20 [muestra 1], Cremophor
RH40 [muestra 2] y vitamina E TPGS [muestra 3]). Los resultados obtenidos

de concentracion (%p/v) del compuesto farmacoldgicamente activo en funcién
del tiempo fueron:

Tl-empo Muestra 1 Muestra 2 Muestra 3
(minutos)
5 39,90 62,20 145,10
30 7,30 9,60 149,00
60 6,24 3,69 58,20
120 1,08 3,04 9,15
pH final 1,98 2,00 1,99
Sol_u'cién de DMF 0,10 0,17 0,32
adicionada (mL)
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Perfil de solubilidad de Itraconazol
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De los resultados anteriores se concluye que |la vitamina E TPGS, en efecto,
permite alcanzar niveles muy altos de supersaturacién comparados con otros
surfactantes de uso comun dentro del estado de la técnica y por lo tanto es el
preferido para las formulaciones de la presente sclicitud. En este punto, es
preciso sefialar que de la informacién revelada por el documento D2 no resulta
obvia ni evidente la eleccion de vitamina E TPGS, maxime cuando dentro de
las ensenanzas de diche documento no se menciona la inclusion de ningan

surfactante dentro de las formulaciones.

» De otro lado me permito resaltar que |a anterioridad D2 no ensefia ni sugiere
a la persona medianamente versada en la materia a incluir explicitamente un
acido dentro de las formulaciones alli reveladas, toda vez que en dicha
anterioridad Unicamente se menciona {a utilizacién de acidos como parte del
proceso de_preparacién de sales de adicién dcidas de los compuestos de
formula (I-A), (I-B) y (I-C), pero no como aditivos de caracter ya sea acido o
bésico que formen un microambiente que mejore la solubilidad en agua del
compuesto farmacoldgicamente activo.

Por lo tanto, en vista de los argumentos técnicos planteados previamente, me
permito manifestar ante ese Despacho que la informacién técnica revelada en la
solicitud de patente en cuestion presenta un inequivoco caracter inventivo frente a las
ensefianzas del documento D2.

3.2. Consideraciones técnicas frente al documento WO 9926607 (D3)

Por su parte, el documento D3 basicamente divulga una matriz de TPGS/farmaco
que tiene la capacidad de disolverse muy lentamente, proporcionando una liberacion
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controlada de dicho farmaco. A este respecto, los autores del citado documento D3
(pagina 16, lineas 8-19) sefialan que:

“Adicionalmente, el nuevo sistema de transporte TPGS/medicamento de Ia
presente invencién proporciona una matriz que se disuelve lentamente que se
absorbe en el fluido gastrointestinal en la matriz TPGS, donde un cristal liquido
similar a un gel se forma. FEste frente de gel forma un cristal liquido fimite de
una cierta viscosidad en la regién donde la disolucién del medicamento es la més
alta, Este limite establecido entre el cristal fiquido/fluido gastrointestinal tiene
Jugar cuando la velocidad de formacion del cristal liquido iguala la velocidad de
disolucién del cristal en la interfase acuosa, por consiguiente se obtiene una
liberacién controlada del medicamento en el tracto gastrointestinal. De esta
forma, la velocidad de disolucidn es controlada por la velocidad de disolucion def
cristal liquido de TPGS y la geometria de la forma de dosificacién. Esto permite
la liberacién controlada de fos medicamentos disueltos, que por lo general son
lipofilicos o de medicamentos dispersos que son generalmente hidrofiticos”.

Con base en lo anterior, considero de gran importancia sefialar que las
composiciones farmacoldgicas reveladas en la presente solicitud tampoco pueden
derivarse de forma obvia a partir de las ensefianzas de la anterioridad citada, toda vez
que en D3 de ninguna manera se hace mencion a una sustancia hidrosoluble
fisiolégicamente tolerable (bien sea de naturaleza dcida o baésica) que genere un
microambiente que aumente la solubilidad de los compuestos farmacolégicamente
activos, y por ende su biodisponibilidad.

En este sentido, resulta de gran importancia tener en cuenta que en el
documento D3 no existe motivacion técnica alguna para que la persona medianamente

versada en la materia sugiera una formulacién farmacéutica que combine Vitamina E
TPGS, un componente farmacolégicamente activo y una sustancia _hidrosoluble
fisioldgicamente tolerable de cardcter acido o bdsico que genere en la solucién un
microambiente que aumente la _solubilidad y biodisponibilidad del medicamento,
maxime cuando el problema técnico que resuelven los autores de D3 estd relacionado
con la liberacién controlada de medicamentos que usualmente son de administracion
inmediata como la ciclosporina y no estd relacionado con aumentar la solubilidad vy
biodisponibilidad de los compuestos farmacolégicamente activos.

En consecuencia, es claro que la materia objeto de la presente invencién no es
obvia ni evidente a partir de las ensefianzas del documento D3, presentando por lo
tanto un inequivoco caracter inventivo frente a dicha anterioridad.

3.3. Andlisis del nivel inventivo de la presente solicitud frente a la
combinacion de los documentos D2 y D3
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Ahora bien, a continuacién me permito analizar el nivel inventivo de la solicitud
en cuestién frente a la combinacién de las ensefianzas de los documentos D2 y D3
sefialados por ese Despacho en la Resolucién No. 30041, no sin antes mencionar una
serie de consideraciones frente al requisitc de nivel inventivo establecidas en el
articulo 18 de la Decision Andina 486 de 2000.

a) Regquisitos exigidos por el articulo 18 de la Decisién 486 de 2000:
Consideraciones frente al estudio del nivel inventivo

Inicialmente considero de gran importancia resaitar que el articulo 18 de Ia
Decisién 486 de la Comunidad Andina establece lo siguiente en relacion con el
requisito de nivel inventivo que debe cumplir una solicitud de patente:

"Articulo 18.- Se considerard que una invencidn tiene nivel in ventivo, si para una
persona del oficio normalmente versada en fa materia técnica correspondiente,
esa invencién no hubiese resultado obvia ni se hubiese derivado de manera
evidente del estado de la técnica".

A éste respecto, resulta de gran importancia sefalar que la apreciacién del nivel
inventivo -por su gran contenido de subjetividad- puede resultar muchas veces
incierta o inexacta, lo cual puede lievar a confusiones y excesos. Por lo tanto, para
evitar caer en lo anterior, al realizar la apreciacién de nivel inventivo es necesario que
el experto en la materia base su examen en una apreciacion objetiva, teniendo en
cuenta la realidad y circunstancias determinadas al momento en que surgid la
invencion y sin incluir en dicha apreciacién factores meramente subjetivos.

En este sentido, considero relevante destacar que para realizar un verdadero
juicio sobre el nivel inventivo de una invencién es necesario ubicarse en el momento
en que se realizo dicha invencion, razén por la cual el experto encargado del caso
debe retrotraerse al estado de la técnica existente en dicho momento y analizar desde
esa dptica si para ese instante verdaderamente hubiera sido realmente posible llegar
de manera obvia o evidente al objeto gue se reivindica en una invencién. Lo anterior
para no caer en el error de comprender, analizar y juzgar una invencion después de
que ésta ha sido realizada, algo que en el 3mbito mundial de las patentes se denomina
un andlisis de tipo "hindsight". Esta posicién errénea es contemplada, por ejemplo, en
el Manual Andino de Patentes, donde se establece que: "se debe tener en cuenta que
la busqueda de anterioridades se efectiia a posteriori, tomando como punto de partida
la misma invencién. Por lo tanto el examinador debe realizar el esfuerzo intelectual de
colocarse en la situacidn que ha tenido que afrontar el técnico con conocimientos

medios en fa materia en un momento en qgue la invencién no era conocida, es decir,
antes de la invencion®,

11



JOSE LLOREDA CAMACHO & CO.

Calls 72 No. 5-83 Piso 5, Bogota, D.C.  Tel: 6069700 Fax 6069701

De otro lado, atentamente me permito citar a! profesor Paul Mathely®, quien
sefiala que la altura inventiva de un invento es un concepto relativo que depende en
gran parte del grado de habilidad de la persona ejecutante de la invencidn. Por lo
tanto, para una cierta parte de la doctrina mundial, la altura inventiva puede ser
confirmada mediante ciertos indices exteriores, entre los cuales puede destacarse
aquel que corresponde al progreso o aporte técnico que pueda suministrar la invencion
al estado de la técnica, de tal suerte que se considera que una invencién tiene altura
inventiva si dicha invencion representa un avance para el estado de la técnica.

b) Nivel inventivo de la solicitud frente a la combinacién de los documentos
D2y D3

Visto lo anterior, a continuacién me permito dirigir la atencién de ese Despacho a
una serie de argumentos técnicos mediante los cuales se demuestra que los ya
referenciados documentos D2 y D3, ni aun en combinacion, sugieren o motivan al
técnico medianamente versado en la materia a obtener la materia objeto de la
presente solicitud.

En primer lugar, sefiala ese Despacho que la persona medianamente versada en
la materia tomaria las ensefianzas de las composiciones farmacéuticas reveladas en el
documento D2 y de acuerdo con las ensefianzas del documento D3 incluiria en ellas la
vitamina E TPGS, haciendo obvias las composiciones farmacoldgicas reveladas en la
solicitud de patente en cuestién.

Sobre este particular, atentamente me permito sefialar que:

i) El documento D2 no menciona ni sugiere que un compuesto como la vitamina
E TPGS mejore la solubilidad y aumente la biodisponibilidad de sustancias
farmacoldgicamente activas acidas o basicas, asi como tampoco ensefia o sugiere la
inclusion de un acido dentro de las formulaciones alli reveladas, ya que unicamente
menciona la utilizacidn de acidos como parte del proceso de preparacién de sales de
adiciéon &cidas de los compuestos de férmula (I-A), (I-B) y (I-C), pero no como
aditivos de caracter ya sea acido o basico que formen un microambiente que mejore la
solubilidad en agua del compuesto farmacologicamente activo.

ii) Por su parte, a pesar de que el citado documento D3 menciona la vitamina E
TPGS como uno de los componentes de las formulaciones alli reveladas, dicho
componente es empleado _para garantizar la liberacién controlada_del agente activo,
pero de ninguna manera se menciona o se sugiere en dicha anterioridad que la
vitamina E TPGS en combinacidn con: i) un compuesto farmacologico basico o acido y
ii) un_acido o una_base hidrosoluble fisioldgicamente tolerable aumente de forma

3 MATHELY Paul. Le dolt francais des brevets d'invention; Paris: Journal des nctaires et des avocats, 1978; p.
125,
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drastica la solubilidad y la biodisponibilidad del componente farmacoldgicamente
activo.

En conexidn con lo anterior, es claro que el técnico con conocimiento medio en la
materia no encontraria ninguna sugerencia en las ensefianzas del documento D3 para
incluir la vitamina E TPGS dentro de las ensefianzas reveladas en el citado documento
D2, maxime cuando el efecto técnico alcanzado por el uso de la vitamina E TPGS en el
documento D3 es el contrario al obtenido por los autores de la presente sclicitud. Por
lo tanto, la combinacién de las ensefianzas reveladas de los documentos D2 y D3 no
conduce de forma obvia ni evidente a la materia de la presente invencion.

Adicionalmente, me permito dirigir la atencion de ese Despacho a las ensefianzas
del Manual Andino de Patentes, relevante publicacién preparada por la Secretaria
General de la Comunidad Andina; la cual con relacién al estudio del nivel inventivo de
las solicitudes de patente sefiala que:

"... La pregunta a contestar es si teniendo en cuenta ef estado de la técnica en su
conjunto existe alguna indicacién que fleve a la persona versada en fa matleria
a8 modificar o adaptar el estado de la técnica mds cercano para resoiver ef
problema técnico, de tal forma que Hegue a un resultado que estuviera incluido
en el tenor de la(s) reivindicacién(es). ...” *. (Resaltado fuera de texto)

Por lo tanto, debido a que en los documentos D2 y D3 no existe alguna indicacién
técnica que motive al técnico medianamente versado en la materia a obtener la
materia objeto de la invencidn en cuestién, es claro gue la misma cumple a cabalidad
con lo establecido en el articulo 18 de la Decisién Andina 486 de 2000.

Declaracién rendida por el Dr. Marcus E. Brewster

De otro lado, considero de gran importancia resaltar ante ese Despacho que de
conformidad con lo mencionado en la declaracidn rendida en el afio 2009 por el Doctor
Marcus E. Brewster (uno de los inventores de la solicitud de patente en cuestion) ante
la Oficina de Patentes y Marcas de los Estados Unidos de América {ANEXO I), el
efecto de supersaturacion logrado mediante las composiciones farmacoldgicas
reveladas en la presente invencién fue probado con alrededor de 25 moléculas
terapéuticamente activas basicas 6 acidas que presentan diferencias fisicoquimicas en
cuanto a su peso molecular, volumen molecular, pKa y &rea superficial polar,
encontrandose en todos los casos gue dichas formulaciones conteniendo dicho
compuesto farmacoldgico basico ¢ &cido en combinacién con vitamina E TPGS y un
acido o una base hidrosoluble fisiolégicamente tolerable permiten lograr un promedio
alto de supersaturacién del compuesto activo en comparacion con formulaciones que

* Secretaria General de la Comunidad Andina “Manuaf para el examen de soficitudes de patentes de invencidn en
fas oficinas de propiedad industrial de log paises de la Comunidad Andina”. Lima, Per( 2004. Pégina 77.
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comprenden otro tipo de agentes surfactantes (ver ANEXO II -» R. Vandecruys, et
al.; Use of a screening method to determine excipients which optimize the extent and
stability of supersaturated drug solutions and application for this system to solid
formulation design, Int'l ). Pharmaceutics 342 (2007) 168-175).

Asi mismo, a través de dicha declaracién el Dr. Marcus E. Brewster sefiala que en
el mismo articulo cientifico previamente mencionado se divulgan los resultados
experimentales de las pruebas realizadas para demostrar que las formulaciones
solidas que son preparadas de acuerdo con lo especificado en el capitulo
reivindicatorio de la solicitud de patente en cuestidon permiten lograr hasta un 100%
de biodisponibilidad del agente activo (ver pagina 174, columna 1 del ANEXO II).

Por ultimo, el Dr. Brewster menciona en su Declaracién que, tal y como se
encuentra demostrado en el articulo cientifico "M.E. Brewster et al., Comparative
interaction of 2-hydroxypropyl-f-cyclodextrin and sulfobuthylether-p-cyclodextrin with
itraconazole: Phase-solubility behaviour and stabilization of supersaturated drug
solution, Eur. ), Pharma. Sci. 34 (2008} 94-103" (ANEXO III), una composicion
solida o semi-solida que comprende un compuesto farmacéutico basico 6 acido, TPGS
y un acido o base soluble en agua y fisioldgicamente tolerable, permite lograr perfiles
de supersaturacion y por ende de biodisponibilidad para dicho agente activo acido &

basico que resultan ser completamente inesperados a la luz de las ensefianzas del arte
previo.

Visto lo anterior, atentamente me permito manifestar ante ese Despacho que las
composiciones farmacoldgicas reveladas en la solicitud de patente en cuestidn
presentan un inequivoco caracter inventivo frente a la combinacién de las ensefanzas
de los documentos D2 y D3, cumpliendo por lo tanto a cabalidad con las disposiciones
de patentabilidad establecidas en el articulo 18 de la Decisién 486 de 2000.

3.4. Consideraciones técnicas frente al documento "Encyclopedia of
Pharmaceutical Technology" (D4)

De otra parte, manifiesta ese Despacho que los procesos reclamados en las
reivindicaciones 24 a 51 no tienen nivel inventivo debido a que los procesos de
disolucidon, evaporacién, granulado y extrusidon, entre otros, son ampliamente
conocidos por la persona con conocimientos medios en formulaciones farmacéuticas.

En respuesta a lo anterior inicialmente me permito aclarar ante ese Despacho
que de conformidad con io establecido en el Manual Andino de Patentes:

"Si una reivindicacion independiente es nueva e inventiva, también lo son sus
reivindicaciones dependientes. De la misma manera, si un producto es nuevo e
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inventivo también lo seran las reivindicaciones de proceso que necesariamente
llevan a ese producto y a las reivindicaciones de producto” ®.

Teniendo en cuenta lo anterior, es claro que habiendo demostrado el indudable nivel
inventivo de las composiciones farmacéuticas de la solicitud en cuestion, el método
para producir tales composiciones también resulta ser inventivo a la luz de las
ensefianzas del arte previo.

3. ESPUESTA TOS PRE DOS EN LA RESOLUCION IMP DA

De conformidad con los anteriores argumentos, me permito sefialar ante ese
Despacho que las afirmaciones presentadas en la Resolucién impugnada carecen de
toda relevancia para desvirtuar la novedad de Ia presente solicitud, tal como me
permito sefalar a continuacién:

» En la Resolucién nimero 30041 de la SIC se afirma que: “...con el sdlo
ejemplo descrito no es suficiente para que una persona normalmente versada
en la materia pueda reproducir sin problema alguno la invencidn, ni tampoco
se logren obtener con éxito todas las realizaciones que estan comprendidas
dentro del alcance del capitulo reivindicatorio”,

En respuesta a lo anterior me permito mencionar una vez mas ante ese
Despacho que con base en lo mencionado por el solicitante en la descripcién de la
invencién, para la persona medianamente versada en la materia es claro que las
composiciones farmacoldgicas alli reveladas permiten obtener una solucion
supersaturada de un agente activo que presente baja solubilidad en agua, siendo
dicha conclusién el resultado de los diferentes ensayos realizados por el solicitante con
diferentes agentes activos, tal Y como se menciona en la descripcion de la invencidn
(donde se divulgan los resultados de las pruebas realizadas con dos agentes activos
diferentes: 4-[[4-[[4-(2—cianoetenil)-2,6-dimetilfenil]amino]-2-pirimidinil]amino]-
benzonitrilo e Itraconazol) y en los articulos cientificos escritos por el mismo
solicitante en relacién con la invencidn en cuestién (R. Vandecruys, et al.; Use of a
screening method to determine excipients which optimize the extent and stability of
supersaturated drug solutions and application for this system to solid formulation
design, Int'l J. Pharmaceutics 342 (2007) 168-175 and M.E. Brewster et al.,
Comparative interaction of 2-hydroxypropyl-p-cyclodextrin and sulfobuthylether-g-
cyclodextrin  with itraconazole: Phase-solubility behaviour and stabilization of
supersaturated drug solution, Eur. 1. Pharma. Sci. 34 (2008) 94-103).

> De otro lado, en la Resolucién fmpugnada se afirma que: "...la anterioridad D3
(WO 9926607) describe una manera de solucionar el problema técnico

¥ Secretaria General De La Comunidad Andina. “Manual para el examen de solicitudes de patentes de invencién
en las oficinas de propiedad industrial de los paises de la Comunidad Andina”; Lima, 2004; pagina 80.
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objetivo de la solicitud, es decir "cémo obtener composiciones con mayor
solubilidad y como consecuencia una mejor biodisponibilidad, alternativas a las
ya divulgadas, en D2", mediante una composicién antiviral que contiene
vitamina £ TPGS, como tenso activo (surfactante), para mejorar la solubilidad
del compuesto activo y su biodisponibilidad...".

Con respecto a lo anterior me permito aclarar que, contrario a lo afirmado por
ese Despacho en la Resolucion No. 30041, el documento D3 de ninguna manera
divulga un método para obtener composiciones farmacéuticas con mayor solubilidad y
mejor biodisponibilidad. Contrario a esto, D3 esta dirigido a proporcionar una
matriz de TPGS/farmaco que tiene la capacidad de disolverse muy
lentamente, proporcionando una liberacién controlada de dicho fairmaco, es
decir, dicha anterioridad se encuentra dirigida a resolver un problema técnico

completamente diferente a aquel abordado por el solicitante de la invencién
en cuestion.

Una vez aclarado lo anterior, considero de gran importancia sefialar una vez mas
ante ese Despacho que la persona medianamente versada en la materia no encuentra
en el documento D3 alguna indicacion técnica que le sugiera que una composicién que
comprenda vitamina E TPGS en combinacion con: i) un compuesto farmacolégico
basico o acido y ii) un acido o una base hidrosoluble fisiolégicamente tolerable, es
capaz de aumentar de forma drastica la solubilidad y por ende ia biodisponibilidad del
componente farmacoldgicamente activo.

Por lo tanto, atentamente solicito a ese Despacho la reconsideracion de las
objeciones realizadas a éste respecto.

» Finalmente, en la Resolucion nimerc 30041 de la SIC se afirma que:
"...utilizar diferentes proporciones del ingrediente activo (un compuesto activo
basico: (4-[[4-amino-5-bromo-6-(4-ciano-2,6-dimetilfenoxi)-2-
pirimidiniljamino J-benzonitrilo) y del excipiente acido citrico, es una labor de
optimizacion de composiciones que corresponde a la labor diaria de una
persona del oficio normaimente versada en la materia técnica”.

En respuesta a lo anterior considero de gran importancia mencionar que en el
arte previo no existia consideraciéon técnica alguna que le sugiriera a la persona
medianamente experta algun mecanismo para lograr obtener wuna solucién
supersaturada de un compuesto terapéuticamente activo acido 6 basico, y de esta
forma mejorar su biodisponibilidad. Por lo tanto, considero pertinente mencionar que
ltas afirmaciones del sefior Examinador demuestran que el analisis realizado no se
enfocé de ninguna manera en el momento en que el solicitante de la invencion en
cuestion planteé el objetivo de obtener un mecanismo efectivo para mejorar la
biodisponibilidad de compuesto activos basicos 6 dcidos pobremente solubles en agua,
es decir, el sefior Examinador realmente no tuvo en cuenta la imperiosa necesidad que
existe de que el examen de patentabilidad que lleve a cabo lo realice haciendo el
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esfuerzo intelectual de colocarse en la situacién afrontada por el técnico con
conocimientos medios en la materia antes de que el solicitante de la presente
invencién diera a conocer sus sorprendentes y ventajosos hallazgos técnicos.

III. CONCLUSIONES

Con base en los argumentos técnicos mostrados previamente, me permito
manifestar ante ese Despacho que la materia revelada en el capitulo reivindicatorio de
la solicitud de patente en cuestidon es clara, concisa, se encuentra plenamente
sustentado en la descripcidn y presenta un inequivoco cardcter inventivo frente a las
ensefianzas de los documentos citados en la Resolucién numero 30041 aqui
impugnada, cumpliendo de esta manera con las disposiciones establecidas en los
articulos 30 y 18 de la Decisién 486 de 2000, y por lo tanto demostrando ser
merecedora del privilegio de patente requerido.

En efecto, a lo largo del presente escrito se ha demostrado que la capacidad de
las composiciones farmacolégicas reveladas en la presente invencién para aumentar la
solubilidad y por ende la biodisponibilidad de agentes activos &cidos 6 bdsicos
pobremente solubles en agua, de ninguna manera habria podido ser insinuada por la
persona medianamente versada en la materia a partir de la combinacién de las
ensefianzas de los documentos WO 0122938 (D2) y WO 9926607 {D3), toda vez que
dichas anterioridades de ninguna manera mencionan dicho problema técnico, asi como
tampoco sugieren los componentes y las proporciones de éstos que son necesarios
para lograr tal aumento de biodisponibilidad.

En consecuencia y en aras de restablecer los derechos vulnerados al solicitante,
tal y como fue explicado a lo largo del presente escrito, atentamente solicito a ese
Despacho considerar los argumentos expuestos anteriormente y revocar en su
totalidad la Resolucién No. 30041.

IV. ANEXOS

Con el fin de soportar los argumentos mencionados a lo largo de este escrito me
permito anexar los siguientes documentos para su referencia:

(i) La declaracién del inventor Marcus E, Brewster con su respectiva
traduccion.

(i) El articulo cientifico de Roger Vandecruys et. al.; y

(iit) El articulo cientifico de Marcus E. Brewster et. al.

Finalmente me permito recordarle a ese Despacho gque el documento que
acredita mi calidad de representante legal en Bogota para asuntos relativos a la

Propiedad Industrial de la sociedad peticionaria, fue presentado ante dicha entidad con
mi solicitud de 25 de Mayo de 2005.
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DOCKET NO.: JANS-0084{PRD2017USPCT) - ' PATENT
Application No.: 10/536,542
Office Action Dated: March 17, 2009

In re Application of:

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Confirmation No.: 7079

Vandecruys, et al.

Application No.: 10/536,542 Group Art Unit: 1618

Filing Date: May 26, 2005 Examiner: Jake Mioh Vu

For: Compositions Comprising a Basic Drug Compound, a Surfactant, and a

Physiologically Tolerable Water Soluble Acid

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir

DECLARATION PURSUANT TO 37 C.F.R. 1.132

I, Marcus E. Brewster, hereby declare as follows:

1.

I am a Distinguished Research Feliow at Johnson & Johnson Pharmaceutical Research
and Development (J&J PRD) based in Becrse, Belgium. I am currently the Head of
ChemPharm Research and Early Development for Europe as well as the Chief
Scientific Officer for the Chemical and Pharmaceutical division and have worked with
Johnson & Johnson for 12 years. 1 am a Fellow of the American Association of
Pharmaceutical Scientists, an former member and co-chairman of the Board of
Scientific Advisors of the Controlled Release Society (2007-2009) as well as the
current co-chairman of the Symposium/Workshop Committee, an Associate Editor of
the Journal of Pharmaceutical Sciences (drug delivery and biopharmaceutics), a
member of the Editorial Board of Die Pharmazie, a former theme editor for Advanced
Drug Delivery Reviews, Aa member of various scientific societies and organizing
boards (including the European Symposium for Controlled Drug Delivery and the
International Symposium on Cyclodextrins) and the recipicnt of various recognitions
including the J&I Excellence in Science Award (in 1998 and 2006), an Innovative

Analytical Research Prize presented by FACCS (2003) and a PARC Prize for
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Innovation in Pharmaceutical Analysis (2007} I have published over 245 peer-
reviewed joumai articles, book chapters and pmceeding, have co-edited a monograph
on solvents systems and their use for AAPS Press/Springer, presented over 350
meeting abstracts and was named as inventor or ¢co-inventor on approximately 75
patents. I have also delivered more than 40 plenary lectures and 50 other invited
presentations. Ireceived my B.S. from Mercer University in 1978 and his Ph.D. from
the University of Florida in 1982 in the field of Pharmaceutical Sciences. [ was a

visiling scientist at the Weizmann Institute of Science from 1996 to 1997.

I am an inventor of the above-referenced patent application. It is my understanding
that the claims of the present application are directed to solid or semi-solid
pharmaceutical compositions comprising a basic drug compound, vitamin E TPGS
(“TPGS™), and a physiologically tolerable water-soluble acid. 1 also understand that
methods of making these compositions are also claimed.

. Under my direction and control, experiments were performed comparing the

supersaturation effect of, for example, formulations of the present invention, on
twenty-five developmental candidates having varying physicochemical properties,
including molecular weight, TPSA, log P, pKa, and molecular volume. The results of
these experiments were published in R. Vandecruys, et al., Use of a screening method
to determine excipients which optimize the extent and stability of supersaturated drug
solutions and application of this system to solid formulation design, Int'l J.
Pharmaceutics 342 (2007) 168-175 (“Vandecruys™).

. TPGS tended to give a higher average supersaturation as compared to Cremophor

RH40 and Polysorbate 20. Vandecruys at Table 2; page 172, col. 2. As this effect
was seen over a range of compounds having varying physicochemical properties, I
have concluded that this effect is general. That TPGS consistently gave higher
average supersaturatian results as compared to Cremophor RH40 and Polysorbate 20

is surprising and unexpected in view of what was known in the art.
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3. TPGS also provided better stability of the formed supersaturated solution than either -
Polysorbate 20 or Cremophor RH40. Vandecruys at Table 3; page 173, col. 1. As
this effect was seen over a range of compounds having varying physicochemical
properties, I have concluded that this effect is general. That TPGS consistently
provided better stability results as compared to Cremophor RH40 and Polysorbate 20

is surprising and uncxpected in view of what was known in the art.

6. Solid formulations were also prepared to assess the oral bioavailability of Compound
1 using the dog as a model. Vandecruys at page 174, col. 1. Compound 1 is a poorly
soluble weak base with a water solubility of 0.002 mg%. 7d. at 173 at col. 1. Blends
of drug compound with either PEG 400, Cremophor RH40, or TPGS were prepared.
Zd. at 174 col. 1. The oral bioavailability of the drug from each formulation was
determined by comparing blood levels with those obtained using an TV dase of the

compound, Id. at page 174, col 1.

7. The resolts of the dog bioavailability study are shown in Table 5 of Vandecruys, As
set forth therein, solubilizing the compound in PEG 400 increased the oral
bioavailability of the drug compound to about 30%. Solubilizing the compound in
Cremophor RH40 resulted in an oral bicavailability of about 60%. Surprisingly and
unexpectedly in view of what was known in the art, using TPGS, an orai
bioavailability of about 100% was achieved.

8. Also under my direction and control, experiments were performed comparing the
effect on supersaturation of, for example, TPGS, Tween 20 and C}emophor RH40, for
itraconazole. The results of these experiments were published in M.E. Brewster et al.
Comparative interaction of 2-hydroxypropyl-f-cyclodextrin and sulfobutylether- .
cyclodextrin with itraconazole: Phase-solubility behaviour and stabilization of
supersaturated drug solutions Eur. J. Pharma. Sci. 34 (2008) 94-103 (“Brewster™).

As shown in FIG. 10, formulations of itraconazole with TPGS exhibited very good

levels and stability of supersaturation. See also Table 1 supporting robusiness of the
technique used.

Page 3 of 4
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9. Based on the foregoing, 1concluded that selid or semi-selid compositions comprising
a basic drug compound, TPGS, and a physiologically tolerable water-soluble acid
exhibit extent and stability of supersaturation, and oral bioavailability profiles that are

unexpected.

10. I further declare that all statements madc hercin of my own knowledge are true and
that all statements made on information and belief are believed to be true; and forther
that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under §1001 of
Title 18 of the United States Code, and that such wiliful false statements may
jeopardize the validity of the application or any patent issuing thereon.

Date: 1Y Sf_‘:gcr.ln\ag' 09 TW’

Marcus E. Brewster
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EN LA OFICINA DE MARCAS Y PATENTES DE
LOS ESTADOS UNIDOS DE AMERICA

En re a la solicitud de:

Vandecruys, et al. Confirmacion No.: 7079
Solicitud No.: 10/536,542 Unidad Técnica de Grupo: 1618
Fecha de presentacion: Mayo 26 de 2005 Examinador: Jake Minh Vu

Para: Composiciones que comprenden un Compuesto Farmaco Basico,

un Surfactante, y un Acido Soluble en Agua Fisiolégicamente Tolerable.

Comisionado de patentes
P.O. Box 1450
Alexandria, VA 22313-1450

Sefior;
DECL_ARACI()N;N CUANTO A 37 C.F.R.1.132

Yo, Marcus E. Brewster, por medio de la presente declaro lo siguiente:

1. Soy Miembro Distinguido de Investigacién en Johnson & Johnson
Pharmaceutical Research and Development (J&J PRD) de base en
Beerse, Bélgica. Actualmente soy el Jefe de ChemPharm Research and
Early Development para Europa asi como el Director Cientifico para la
division Quimica y Farmacéutica y he trabajado con Johnson & Johnson
por 12 afios. Soy miembro de la Asociacion Americana de Cientificos
Farmacéuticos, ex miembro y co-presidente de la Junta de Consejeros
Cientificos de [a Sociedad de Liberacion controlada (2007-2009) asi

{ILLCCO: 296552.D0C v.1} 1
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como actual co-presidente del Comité de! Simposioftaller, un Editor
Asociado del Journal of Pharmaceutical Sciences (liberacion de farmaco
y biofarmacéuticos), un miembro de la Junta Editorial de Die Pharmazie,
un ex editor de tema para Advanced Drug Delivery Reviews, un miembro
de varias sociedades cientificas y juntas organizadoras (incluyendo el
Simposio Europeo para Liberacién Controlada de Farmaco y el Simposio
Internacional scbre Ciclodextrinas) y destinatario de varios
reconocimientos incluyendo el Premio de Excelencia en Ciencia J&J (en
1998 y 2006), un Premio de Investigacion Analitica Innovadora
presentado por FACCS (2003) y un premio PARC por Innovacién en
Analisis Farmaceutico (2007). He publicado mas de 245 articulos para
revistas arbitradas, capitulos de libros y procedimientos, he co-editado
una monografia sobre sistemas solventes y su uso para AAPS
Press/Springer, he presentado mas de 350 resumenes de reuniones y
fui nominadoe como inventor o co-inventor en aproximadamente 75
patentes. También he dictado mas de 40 conferencias plenarias y otras
50 presentaciones como invitado. Recibi mi Licenciatura en Ciencias en
Mercer University en 1978 y Doctorado de la University of Florida en
1982 en el campo de Ciencias Farmacéuticas. Fue cientifico visitante en
el Weizman [nstitute of Science de 1996 a 1997.

2. Soy inventor de la solicitud de patente referenciada anteriormente.
Entiendo que las reivindicaciones de la presente solicitud estan dirigidas
a composiciones farmacéuticas soélidas o semisélidas que comprenden
un compuesto farmaco basico, vitamina E TPGS (“TPGS"), y un acido
soluble en agua fisioldgicamente tolerable. Tambien entiendo que

también se reivindican métodos para preparar estas composiciones.

3. Bajo mi direccién y control se realizaron experimentos que comparan el

efecto de la supersaturacion de, por ejemplo, formulaciones de la

{JLLCCO: 296552.00C v.1) 2
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presente invencion, sobre veinticinco candidatos en desarrollo que
tienen propiedades fisicoquimicas diferentes, incluyendo peso molecular,
TPSA, log P, pKa y volumen molecular. Los resultados de estos
experimentos se publicaron en R. Vandecruys, et al., Use of a screening
method to determine excipients which optimize the extent and stability of
Supersaturated drug Solutions and application of this system to solid
formulation design. Intl J. Pharmaceutics 342 (2007) 168-175
("Vandecruys”).

4. TPGS tendid a dar una supersaturacion promedio mayor comparado con
Cremophor RH40 y Polysorbato 20. Vandcruys en la Tabla 2: pagina
172, col. 2. Como este efecto se observd en un rango de compuestos
que tienen propiedades fisicogquimicas diferentes, he concluido que este
efecto es general. El hecho que TPGS produjo consistentemente
resultados de supersaturacion promedio mayores comparados con
Cremophor RH40 y Polysorbato 20, es sorprendente e inesperado en

vista de lo que se conoce en la técnica.

5. TPGS también produjo mejor estabilidad de la solucién supersaturada
formada que cualquiera de Polysorbato 20 o Cremophor RHA40.
Vandecruys en la Tabla 3; pagina 173, col. 1. Como este efecto se
observd en un rango de compuestos que tienen propiedades
fisicoguimicas diferentes, he concluido que este efecto es general. El
hecho que TPGS produjo consistentemente resultados de estabilidad
mejores comparados con Cremophor RH40 y Polysorbato 20, es

sorprendente e inesperado en vista de lo que se conoce en la técnica.
6. También se prepararon formulaciones sélidas para evaluar la

biodisponibilidad oral del Compuesto | usando el perro como un modelo.

Vandecruys en la pagina 174, col. 1. E| Compuesto | es una base débil

(ILLCCO: 296552,00C v.1} 3
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poco soluble en agua de 0.002%mg. /d. en 173 en col. 1. Se prepararon
mezclas de compuesto farmaco con cualquiera de PEG 400, Cremophor
RH40 o TPGS. Jd. en 174 en col. 1. La biodisponibilidad oral del
farmaco en cada formulacion se determind comparando los niveles en

sangre con los obtenidos usando una dosis |V del compuesto. /d. en
174, col. 1.

7. los resultados del estudio de biodisponibilidad en perro se muestran en
la Tabla 5 de Vandecruys. Como alli se indica, solubilizar el compuesto
en PEG 400 aumentd la biodisponibilidad oral de! compuesto farmaco
hasta aproximadamente 30%. Solubilizar el compuesto en Cremophor
RH40 produjo una biodisponibilidad ora! de aproximadamente 60%.
Sorprendentemente e inesperadamente, en vista de lo que se conoce en
la técnica, al usar TPGS, se logré una biodisponibilidad oral de

aproximadamente 100%.

8. Tambien bajo mi direccidn y control se realizaron experimentos gue
comparan el efecto de la saturacién de, por ejemplo, TGPS, Tween 20 y
Cremphor RH40, por itraconazole. Los resuitados de estos experimentos
se publicaron en M.E. Brewster et al. Comparative interaction of 2-
hydroxypropyl-f-cyclodextrin - and  sulfobutylether-f-cyclodextrin  with
itraconazole: Phase-solubility and stabilization of supersaturated drug
solutions Eur. J. Pharma. Sci. 34 (2008) 94-103 (“Brewster”). Como se
muestra en la FIG. 10, las formulaciones de itraconazole con TPGS
mostraron niveles muy buenos y estabilidad de supersaturacién. Ver

también Tabla 1 que respalda la solidez de la técnica usada.
9. Con base en lo anterior, conclui que las composiciones sdlidas o

semisdlidas que comprenden un compuesto farmaco basico, TPGS y un

acido soluble en agua fisiologicamente tolerable, muestran extensién y

{ILLCCO: 296552.00C v..}4
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estabilidad de supersaturacion y perfiles de biodisponibilidad oral que

son inesperados.

10.  Declaro ademas que todas las afirmaciones presentes de mi propio
conocimiento son verdaderas y se cree que todas las afirmaciones
hechas sobre informaciéon y creencia son verdaderas: y ademas que
estas declaraciones se hicieron con el conocimiento que declaraciones
falsas intencionadas y similares asi hechas son punibles por multa o
prision, o ambas, bajo § 1001del Titulo 18 del Cédigo de los Estados
Unidos, y que tales declaraciones falsas intencionadas pueden poner en

peligro la validez de 1a solicitud o cualquier asunto patentario de la
misma,

Fecha: Septiembre 15, 09 (Firma llegible)

Marcus E. Brewster

{TLLCCO: 296552,00C v.1} 3



Avaitelsle enliie ol wiw.stlsncadinect.com

L 8
R R o I INTERNANENAL [QURNAL BF
“” ScienceDirect PHARMACEUTICS

IntérifRingldonrmil of Phantscastion 347 (0077 168- 175 e

winaeivevier comidonte/fphamy

Use of a screening method to determine excipients which optimize
the extent and stability of supersaturated drug solutions. and
application of this system to solid formulation design™

Raoger Vandecruys®, Jef Peeters®, Geert Verreck®, Marcus E. Brewstes?

* Phaepacestiond Develipiient, Jokeweit & Joknion Phaiivcentionl Rescaret and:Developmin; Betise, Selpiun’
* Pharmacevitical Svimmees, (kemival st Pharmageationl Development, Johnstn & Johoson Pharmacentival Reseant
an:d Bevelapimant Tulbaedgewey 30, Beorse 2320, Belfivm
Received 6 Degenmbar 2095] docepred § May 2007
Avsitable online T3 May-2007

AbyiEu

Ansessig the effect ol vxelpioins un deshility to andin s mainmin supersswration of drug-based splurion- may:provide nseiuf information.
fer the desige of ‘salid fermulavions. Nudiciaus. selection of mateials that.alfeet. cither the catont or stabifiiv. of supersatueating dongy délivery
s¥iatems fiay be enabling forprosly sobible drug candidates or orher, ditfictlio-formulate compdinds, The wchnigue: sugested Birein 5 nimed
aL providing a-screening protocol o ailow prelidinary yssessment ol-thess foctnrs based o enalf tovnoderate amounts of deup substance, A seriay
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Frmaimdic, Sdpersauration; Bxcpient; Celiulode pobmers; PP Swrfactiniss Thetodetiting Co-sobvenis

i, Introduction

The aliility. lo apcries formalations with relévant viully
bivarvuifubility depends on eaumber of factors fchuding solubil-
ity, permesbifity and mpaholicstbitiy. Atrsorhability 15 refated
1o the first 4w fagtors whoseimportance has-bean recognived in

A 'A'.p.n:limjnag F.accmni ST I sk by bidn prosecedingostes form: Peeters
1 Vimdeeowys R, Browster M., 20005 T use4f supcigaruruie shidios in gy
ghavmaecurical developnsiar, 2003 Amwican Assicistion of-Pharmmesses)
Selentists. Aunnal Meedag and Bapsifint. Suh Ralks City LT, USALX30
(etwbar 2065, Vandeoroyy R, Pecters 3. Brewseor M., 2008, upetsatuimion
wudien ) Whprove deug Asnulaitons, 2006 Swetican Assciston of Phar
mecentizal Sctehinists Annhs} Meeting fod ‘Expnsiton, Sar Amiio, TX, 2

Crtober2 Novouder, 308, .
" Chrrespraditg susbr, Tele +32 1 G357 e 4.2 08 GRTGRI.
et ety e sntmevernte i, it (L, Brisster),

QITRSTTES gn, frome mnteey OF 2007 Bipvier BV, Allrights. mserved,
A AN IS, REYZ 05006,

theguise of the:bivphirmaceutionl thassification sysieim (eS8
{Dressmanetal.. 199€ Amidon ctal, 1995). This appioach bins
trugs ind drug candidutesinto four eategoties based oniheir sl
ubiility and permenbility properties, THe manner. inwhich: new
deug candidines are selected often refies on high thronghma
screcming technigues. Thise immobilized . receptor fechinigues
tend t0 sub-seleer for compotinds witk undrug-like uitdoows
inclading high Hpophiliviy, poor squeous st ibitity and hiph
smolecufur weights (Lipiyski et al, 1997; Lipinski, 20013 Rel-
rospeetive analysis-compleied in the e 1380s stugpested that
rvny drug fnifures (~30%) wers related in.someavay to the ponr-
biophaemazeuiical properdes (Prentis.a k. T98R). Reanalysis
of drag candidate.failéres in 2004 indicaed that some progress

had bees made wilh regand 10 screering out drap candidates

with poor drogabifity-elements bui.poor drup selunilily aad,
by virue of the Noyes-Whitney relationship, peat tixsohuting
saliss continue fobe an importani consideration in ilrag eandi-
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didte aiteitinn (Koks and Landis, 20043, Numesus methodglogles
tuve. heen suggested and pescticaily upplicd © improve the
ability o market drog eardidates whose development i3 lim-
ited by drug solubility, dissolution tate and by virtue of Fiek's
First Law, ahsorbability. These inelude th use of paricle yize
mamputatien via micronization and nancnization,. the use of
wening ugems, the vse of complexing agents sach as cyclodex-
tins mnd the preparation: of high encrgy-drug: states related 1o
pulymerphic or amarphic iransformations (Liv, Z0; Kis and
Park, 2004: Muerisko-Livessidge et al,, 2003; Borster et al., 2002;
Humbegistone and Cherman, 1997 Davis aud Brewsier, 2004),
e sugpesied patlh forvurd B e wse af « spring and
parachute approsch wheedin g technique such a3 solid disper-
sions or selbomulsifying systems allow rapid dissolition of
the pourdy watersoluble drug m supersaturated concentruiion,
A formulation component which hinders migleaiion ot crysial
growth ihen acts a5 a parachute 1o subilize the metastable super-
sntwrated systéms (Guzmdn et al., 20047 Gao td Mdrozowich,
2000 Gao e all, 2004). An example. of thia sitagem i§
the, capsulesbinsed dosige fovm- for the nififungd! comipound,
Sporanox (jraconuzole) (Peeldrs. et atb, 2AMI). Mrachnazole i§
assosiated with very poor formulation properties inclicing a

Tovw aguegus solubility. (edtimated at ~ 1 ngfls at ndutral pH}, |

alog P> 5 oid o metting pointol’ 167 “C, "The successful priapa-
ration ol air ¢ral formujaiion wad based -on the. development.
of i solid selution of the drg in o polysmetic miany based on
HPMC. This siysienm was pregured by a solvent method in which.
the drug, md polymer ‘weie dissolved in a-common solvenl an
coniled ontd an ingri sugar sphere, Ji ihis formulafion, dissolution
of the water-soluble BPMC phase was: assoxiated with release
of the itrpconnzole at concentimions above s saturation solu-,
bilily, “Fhe co~dissolving HPMC acted gs s inhibitar of druyg
nuelédtion awd erydtal-growll such’ thel superdiurdied eoboda-.
trations were mainigingd Tong enoypl for significant abserption

antd oral hinavailahility. The maximur Trucionabsorbed for ihis.

formulation was ~§5% snd oral bioavailability as bigh as-~558:
Wrewster o1 ah, 2004), Other examples ‘are available for sifid
dispessions prepared by meltexsrusionand spray deying (Kohori

clal. 1995, Crew eak, 2005 Appe] of al., 2006). In addition.

nanoparticul ate systeiny S givie supemmmtm systenis based
on the greates sotubilily of smull versus tarpe paticles (Miilter
ctal,, 19949: Lindfors et al., 2008; Wu snd Nuncollus, 1998),
The epiimismion of syslem feanares that will allow for
sustoined gupersaturation. and by exiension. improved pral

bipavailability is U siimulus For the current study, A mumber.

of researeth effurts have: pointed w methodsfor solubilizing. thal
ix increasing the saturation salubility, of poorty wattr-soluble
drugs and drug candidaies. Some of diese have lewd 10 mar-
kewed produets (Strickley, 2004). Suparsasurinion spproaches lo
enhince topical aml transdermal thempies have been widaly
reported (Raghevie gt sl 200, 2003 Davis and Hadgmii,.
1891; Moser of ol 200164 Hadgmfi, 1999). Less informa-
tioh is avaifable on techiigques wo stabitize formed high energy
solutinng intended Lor nral appiication especially i 8 maneer
which could beuseful in eady Formulaion desigsn and sexeen-
ing. Armizd with sucti data the seleciion of excipiont siay be
aptimized, Hextin we suggest an approach for testing exciptents

with regacl to theif abilily 1o wiain-wnd meintiin supersacas
tion. This approach was implimaented and rsulls on a pumber
of early-drag candillates sre diseussed, Finally, d tase study s
dissceibed wheteiearly sokid formulativrs are geniratad Hised on
excipient hehnvicar in the supsrsaturation 1esis,

2. Materldls-end wiethods
Resuarsh compuiids wereobtaiiied from Johdson.& fohnson

Pharwacedtiedl Hestiweh snd Developmerit, Beerse, Belgiuar,
AR compounds: demoiistratelt a porty’ of »>95%. The logP

and pK, of ithe drug candidntes wore detertiped exper-

mentglty while other parametérs. (fopolagical. ‘polaé surfate
ares (TPSAY and  inplecular viluine (MilVol}) were daleu-
lated wsing. ihe ADME Predictor software package (Simulations
Plus, Lawrenceville, CA). T following exci;ﬁet}gs were usid
in"the: studiest hydroxypropyl celiulisse (HPC) 130-700 mPas
{Aguslon Belginm N,V., Deel-Beveren, Belgiyn), hydros-
ypropylmethylcelhrose (HPMC) 2910 §'mPas tAqualon, Her-
cules, Zoijndrechi, Thiz Nel ,mi.mds), Polyox NF: TODK (Eow
Chentical Company, Midiand, MI, USA), pn]y\'mylp)'rmhdnne-
ca—ﬁn}l acemiz (PYP VA)GY {BASF- AG: .ndmgsha{cn‘
Jermany), polyvinyipyrolidone.( /) K30 (BASF AG, Lud-
wigshaled, Centany), Cr&muphtsf RH4t (BASFE, Hamnu'
Eeiginm), Polysorhate 20 {Coditiel NV, Zavesem, Beiginmy,
wdgepherat polysthylese glyeol succinate (TPGS) (Basuman
Chemyical Cnnipm 7oA nilesey, UX), PFG&(KJO { Sigma—ﬁ.ldm.h
Bormnein, Belgiun). 2 Hydroxypropyl-B-cyulodexitin (HPACD)
wis dbtaitied from: Roguette {Lesrem;, T—nncc} and was char-
sctesized by a -dogree of subsiitmion of 32 based on an
FTAR mtherl (Michawd and Jeard: 2001). Additianly, Tor
the salid dusage forms the following, cxcipients, were used:
luetose {DMV lntmmmm&i Neghel, ‘the Nefherlands), cits
ric acid {(Merck; Darmsiadt, Gommay), sodivm Toucy) sulfate
{818} (Caognis Benelux, Héofddorp, The Netherlunds), sificone
dioxide (Dsgussa, Frankfon, Cermanyy, PHGA00 (Functionsl
Chemicals, Mutieni Switzertand); FEGIO0I0 (Siama-Aldsich,
Bomem, Belginmi, sugar splieves (Hans Weener, Tomeseh, G
many), microcrystalline ceflulese [MCC) (FMC, Plnlminlphm
USA}, crosscatmeltfoss sodivm {FVC,. Philadelphia, USAYL
mﬂ;ncmmnwamlu(Ummrﬂgmlu( Brussels, Belgiom). Oiher
materiaks and sojvents were obtained from Sipma-Aldrick
(Bomem, Belgium) or Janssen Pharmoccuticn (Botese, Bél
gm},

2.4. Supersaturation ussay

A -co-sulveatisolvent quench-based appronch was used. to
geaesate the drug in a supersavaied siabe. To- most oased, the
drup.ol interest wis dissolved 19 aconcentistion of 10 ing/ml
.V NM-dimethy fermémide {DMF). Dimithy lacstaiiide (DMA)
was ajso.wsedcin a fow experimdans and 1n islated incidences, o
30 mgtink spdtivo wos upplicd ased on the limited selukility of
the drug candidald; nthesrjodty of chees the AnalGrganie con-
ient in the digsobution media 1anged hetiveeh 15 dixd 5% (v
alithough there weie afew compounds wheet thie fiaidl wibdia coi
iainesid 3% fefviof the orgenic compoendat. A dissolution vegael
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wis prepared sstng w20 mi. ghiss vial withstopper, Jao the vial.
waus placed 100 of the medis of interest (601N HC), USP pH
4.5 hofler, USSR pH 6.8 huffer or-wates) with oz withaw -2.5%
(wiv} of the excipient of nterest, The vial.way equilibrated st

¥72C in awatee bath (Varinanag Telemoduole 208) and stiered af.

H00 rpm sging 3 magnelic stirhar (2 cm % D55 <m), The organic
solution of the comnpound was.added drepwise using 2 Sinall
woitne pipslintriie siioing solution untit & precipiate was just
acticeable visustiy. AUS, MY, G0and 120 min-posi-drug-addition,
a small volume of the. dissolution -medivm was withidoawa, fil-
tered thptughoa .5 o Millex-LCR (Miflipore Corp, filterand.

the toncenlration defermined using Beer's Luw with an Agilamt

8543 (/v speciropholomeler, The pH.of the systems wag mea-

sured-througheut the sampling sxendise {Senuwontype pH meter”

{Titen)). In assessing the excipients, o supersaturalionindex was
derfinet hased on the rafio of the initinddrug concedtmnlion ip e

excipient-based dissolution vessel as a function of tha in the-

Wissntution media.that did not-camin the exdipient, In aldis
tion thephysicaf stability of te sofution was sssosseid-over thne
with 2 4% defined i (he extedt fo-which the dirg pregipitited
from:CYS min) to C(1 20 min), In sildivion, initin) sufErsafuration

assaciated with additicn of the c!mg-domhjhing Greatlic sOVEnL.

o media: withdul excipients was, inferred based an ihis initind
coficentration Yatugs as well as the chunge In concentration of
these systems. avar titde,

2.2, Formudution based pu.she supersaiurhiion failies

Six simple formidations were used 0 the snimad shudies
including (1) -2 imple divg Blend in & gelatin capsule, (2) a
PEGA0 solittion, (3} drug dispessionin HPMGES comid onto
sugar spheres and pluced in a gelatin capsule, (4) an HPBCD.
coprecipitate pressed il & tbler, [5) & mimueit-of the driig

and Cremnphar RHAG with sdditional excipients filled fnio &

gelain capsule, (6} a mixtine. of TPGS and -othier exeipients.
Rlld fmv a gelaiin capsule, ol cases red capired body Lop-

sules frou: Capsuged (Belgiumy wete used. The amount of drug-
in e Yartuiations wits- adjatsted t th, weight of the-dogs. In

the destripiions, geacrie propatation methods for eitfier 50 mg
{1 il per dog) or 23 pig (2 units per dag) omninal weight
furmutations we given. Por e diug Plend i cupsule, 23 mp.
drag, 0.59 mg sodium anryl suifate, 0.59 mg sifizon dicxide and
300 mg pranvlated Jactose were ixed and fillul-into 2 size 1
capsule. The PEGHOD solution contuined 40myg of- Compouad

[ in 1.0ml of PEGS00. The bead-based comeept comained.
25 mg Compound 1, sugar spheras 25-30 mesh, 236 med, 7S mp-

of FPMUC B5 and 135 mg of PRG20000 vsed 28 o seal cont,
Druy and HPMC were dissolved in 3 mixture of 2040 mg
of dichloromernane sad 260mg of ciliannl. The solution was
sprayed on the sngar beads-asing an- Ui Glut eoater with & in.
Warster tnsert (Uni-Glisit, Glait; Germang) RLiSmaymny rate of
EF-20glenin and an indet lempetutare of 30-607C. Tn sec-
ondl, slep, PEGHN was dissnived in 3 mintire of TL0me
dicklommeifians and 424 mg orhann) and sprayed on iop of
the first Tayer. Tha Tota bazch size wes approximacly 1600g.
The conted sipnr beails were itted in e hand pelutin cap-
subes (siae 0 byind, The HPRCD based fammulation contined

LB wmg of Compaimd 1, 75 mg of HPRCD, 13 mg of citric acid

monohydeale; 243-mgc:f-g'mnu laied lactose, 60xmg of mjcretrys-

talfine. celluluse, 30my Of crossgarmheliose sodium il 23 mg

of maguesiumn sieafafe, The drop,: evelodexwin and citeie siid

were intixed it festone wnd evhanol afley whicl fhe solvent-was

retnoved. The: co-precipimic was hlended with the ither listed

exgipients-and handjiassed intoatubiet, For the £dncept huled,
ont Crgpophor-RIH40, 1he drug (30 i), The surfactant (250 1ng)
and Cirie acid! manbhydrats (500 gY were dissolved in ethanol

fter which thé sblvent was renigved.gid the residug manually

londed inteid size 0-capsnle, The last eancept was siwtilady, pre-

pared by blending the drog (SO me), TPGS (250 mg) ant 2Smy
of HPMC ES in-ethindl, refoving the-solvent aud thes Joading

the residie inté-ii size. O copsule. The Talide 1wd ongepls e
based on & glass ihérmeplasie approack (Brewsteeet al, 21033,

The dissilntiin of The cupsales was sgsessed using aUSPIL
apparatus nsing 60fiml; of 0.01N HCI niedini ejuitibrated at
I7*C. The paddle stivred at 75 rpiand datn ge given as the
averageof twe units,

2.3 Bivavailabiliyin the dug

Allanimial sudicy wers compleard suparilingtovelavant Bek.
gium Law (I8 October 1991 as apoioved by the Bumnpenn
Conveniion on flie protection of veftehumes tha are. ised for
exporimental and ofher seleniific purpises, Annex A ard B
as draven up in Strastouty, (18 March 1986) and the Royal
Decree of 14 Navember 1993 coveriag the protection of lab-
natgry anitals. AR experimints were planned and complated
undir the auspices of the Instiutlonal Anin) Cire and Use
Commiitee YFACUC Male Bongle dogs were obtained. from
Harlon; Germany and maintainedin de resident Jutsen Phaz:
aviatica dog oolany. Their bedy weigly ronmed Trom 11 1
134 kg at the. st of the studty. Dogs were healthy as judged
fromvroutine hiood examinations {hasmaiologicut and biochem--
deal pammeterstand certifiod by ihe attending veterinarian, All
animals wene observid prior o, ot thi thine of dosing and vp.
to 240 past-dosing. Dogs hud free netess to water and food
through the experimental perted. Fed animabs wers dosed using
A crogs-over design with a washout periad .of 14 days. Solil
formulations. were dosed oradhy. Oral solutons were, tidiin-
Isteral by guvage using o stomoch tube, The TV arm. of the
study was comnpleted vsing o doge of L23mgdkg and 4 vebi-
¢le contalbing 7525 PEG:water. Blood samples wire obtained
from thejugelar vein (3ml. collagied ontg FIYTAJ just prios,
t0 -dosing‘ahd af the, following fime pobnts thereatiar: 0.5, .

2, 4, 6,8, 2432, 48, 72 andd GG, Blood samples weee cen-

trifuged w room twperafure. i (900 % g for 10 min io sepamie
the plasime, The plasma was unosfered (o rsecend fost tube i
Teozen within 2 b of sampling a3 — 207C. Samples were sialysed
asing a vajidated LC-MS/MS mothod. Plassni suraphe (0.F mbLY
were subjecied to sclid phise exiesstion (Bend Blutsalid phase
codums, P30y, $PE (Varidn Corii). Colurgg weie pondi.
tioned with 3 mi methinol, 2 ml vt end | mlL. nostie seid
{1 M), Phasma was applied 1o column snd washed @ith subiie-
yuent aliquotsof water.acttic seid and methano!. Thesompeegd
was elated Trenn e, colvam, witlh 3 ml merhapolfrimeoiiom
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hydhoxide (23% squeves) ar-a salio of 98:2, The extract wis

wvaporaied (o dryness and reconstitated with 1530 1 of &' SU:S¢
riixture of ammonivm frmate {0.01 M) angd methaniol, Tweayy -

microtiters-of the sumple wiss then applied (6.2 10cin X 44mm

1.4, veveesed phase HPLG colinn £3 pm Hyperstl CES BDS) apd

elutesd with 2 mobile phase contsining 40% 0.01 M ammonisn

Jormate a0d 60% menanol Fewing a1 0.8 mi/mia thefore sphit-

ting). LC-MS/MS anslysis was completed using an APLA00

sysiem (Applied Biosystems) which wis dédicated to the HPLE

{Agilent), The fower limit of quaniification was 1 nghal, Indi-
vidual plasma concentrition-{ime, profiles wérd sibjscled tH a
nonscomparmentsl plistinacakinetic uinlysis using Winblgnlic,
software (Plursiuht(‘,orp Mounwsin View, CA,USA). Tm el

under thi plasnia curve (AUCT from timé 0 th 24 or 98 h way’
colewiated using thilingarupldows traperoid rule, Gral bipaviils

ability wais reprtitd go-themitio nt (AUCem/ AUCHvY 5, 1003
3. Results dnd disscusions

Ewlmeuh which Wb,hzc formed supuﬁaluraled solutions
may-he important sddidves (o solid foimulations, A wethod was
devetoped to sereen for such extipients baged on a to-salient
approseh, Tivenry-five decelppmental candidies were seretped
umlg t}u-. .m.my Phyx;cuc:hrm:cal pmpcmus szmluung malec-

suu.md m.m,rmls i\u prnscmed in Tah!v i Thn‘ compoundw
cover-a neasauisble cheimical sprice wiili MW runges hetween

327 nod 721, TPSAS between 46 ind 198 A, fog:Ps betwesn
1 76 atel:>3 and awlécmiar volutnes hetweten 273 and 602 AX.
The etzer of -..muu‘, excipients on the-extent-of supersHuTation

i given in 'l's.l.'&l'u 5 whi’k lhi: slal'ai'!il}i of lht. fr'armed supémtu

I‘dhl-_ ’% T he cxmp:ents wm: Sc.](’.'Ctt‘d based ona vqnel)' ot‘ ot
tisl Imechanishs Wiicl may e the thlll}‘ of the material 1o
nucleple oF to srrest trvsial growth, Th exsct meghaisns.asso-
clakedh with, nu«..lc.mun and crstal gmwth ALe AOT well-described.

Crystul Lr(mlh is irevaLu i takeplace iv (hree steps (Macks and
CGirant, 1986; Rudiiguez-Honedo and Murphy; 1999: Kaghavin
gral, 201 '

= thffugion Gf the implesule from the h_ulk media w the sulid
ervstal iitetface;

" e the misckbed mvleents; thrdugh & surfade fattion, becoines

it of (e cdisia) Iatice asd e hr.at of Lrystalhzahsn is
veléused,
o thehidt of Gristallfzation is: crmdum:d £ ﬂ'lL bulk medis:

Margrtale that iy inhibit agcleasioh-or civetalgrowth have
begn reporicd, These miterials have seviral prisential-adtions
including:

« alfering bulk properties suehi g6 surlice tefision Ur-gaturation

qt‘s]utnhty.

chagpging the.adsorption fayer ot the crystal- mod:um inteefece:

a. seléctively: nd:.urhmt 10 the grystat mmf nee thereby blocking

Goystal gro

héing pds d it growil tayers and theiehy ‘Jdishuting

growth layérs derosy (e sueface;.

« adiorbiisg into. sirfice jmperfictions causing mugh Sorfaces
kr higgorie flaly

].:M'- R
Conpvind proyestive, dissolutiviy riecia and diitial eand-thited coneentruinne i yhedfisvelutanmedis
Clymapound MW TPSAGAN ket bk, . Mool {A 3  Madis CiSwibpimg%y  CLEMmIR) M A%
: Y. 45 sk i daNug” s B3 11
z RS ) 15y F:13 06 DR HOL 1 14 n
A 4365 e 457 49 RGES (LGIN HCL 4 L] : -8
4 #1351 it s 385 - QG HEG .05 vod -4
& 3587 188 3.9 Myhigle 554 B8, 3.8 21 -8
5 L75 2eg DAH el kT 10 ~H
k] 4.4 ¥ 4,49 [ 3 ' Dy Eutit) -
3 3414 1 s 42 WY 1 1 2% R -8
% kLT 52 L0 24Y 04 D4R HCL ool 2 ~4n
10 A8 A7 an B8 i DAINHCL 0 W -
I 44 437 - e Water 3% 1) i)
12 148 aw ‘22 490 PGS T k) 5
1 i 2403 &72. “$lp DHINHE «bfis HYDS -
1% €7 543 1234 603 K] 2 4 ~56
15 198 3.20 21 130 B0 HCE 17, E 6
1 MGE 494 Mubtiple 73 TN 3 7 a0
¥ 130 488 7538 LLE 45 1% 3 -7
13 ) 24 826 Elix] P L H W I - -
t4 4 24 - 306 [ER)CRELN 11 <0t “
n 34 L) 203858 343 £5TN 4T X 04 24
2 50 St b 324 DYULHO P! <00 .
ks A 304 o 366 SRINBC 25t It 4
n 49, g 63 Ehes IR <00 <BAnE -
2% HE 48 %9 73 901K Sic) 5 b o
24 X ¥ w3 A LGN HEL <000 <000 -
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The sitcot o speisalfis chierysd for v{rnvus mml,mumis inthe prtacnce of 2.5 S twiYal- \arm\ exeintufs

Compouns P MIMOES

l!g\!;a(),t " OPVIVA

PYIKIC

A ehydn 'fms HEROD. PEGH0G0,

SRR RN O T

LA

ERETE

1%
2
21
»
23

» altering the surlace: epergy of the crysing facke which may
chingé the tavel of suliation,

Rheological polyrieds sich s HPMO aid PV srethousiit
iy inferact, throigh.a sumber of ‘miechimisms including adsor-
ing to the coysial (vie fydrogen bonding) and cnllectmg at
the provwing geysteb-bulk nedia intérface an(l hgrehy provid-
ing ditfusion resistance (Raghnvan & al., ?{F’H) “Soims teports
also sugpest 1hat these : polymeié cip foxm cumpims witk the
deug of filerest, increase Ahei Sanirdiion snlubr],ty and there-
fre Teduee thic ditent of° suipersitusation: Roatrigues-Homedo
and-Murply, 1999 Sifckley, 2004y Sarfsctants can solobilize
miteridls via ‘midellé formition bt can wlso aiter the surface
tensioi al {he erysud-modiam interfaze (Consiatainides of al..
mnf,, Ramu.} Yagni ef af.,, 2008), (.yc!ndexmm can solubiliza
oitgh the formm.un of dyna:mn mdumou eoniplexes
{Lofidson etal,, 20(M; Lﬂfhﬁm! dmed Bres 199&. Thompson,
¥997; RigowsKi:and Stellay 1996); Additional dutn suggesttha
eycindoxtring cup. slsd mhxlm pucleation wd. crystal gowih
thriugh ren-complox based mechanisnms whith may be similar
m those-nssosuted with e plitrnsaceuicnl polymers destribed
sheive (Bn:m.:cf ol al., 006: TorreseL ahitimieira o1 ok, Hun;
Uiekarmy ¢ al., 103, PEGM}GO or Polyas: may affect supersat.
srated Soldtions thiough wirtous: mmhamsms [ Al 2006
Urbianets o Ligipold, m{ﬁ)

The ceilulosic, PEOPEC and PVP-hased pobymess had vari-
able effcts on the formed supersatrated selotion, HFC gave

formntion of supersaturated selutions. Thre v 17

gem-raliy poos: results with twor compounds (Compounds 4 i
6 giving solubilily increases in the 5=10-fold range and Hive
cempounid (Compounid 25) pravidisg asignifidantincrease over.’
the haseline. In‘thiswease, the ahslute vatug of the drag con-.
centration inthe sepersaiurased sofutifin . was smnll {11 mg'%)

FIMPC weas semrewhat. more conductive For he ft\mmucm of
supersafarnfed salutionswith T hits, 40\ ie taipe 65— 10-Tokd
{Compounds 7.- 10, 13 and 19, 2 in the ranpe of F0-203-fokl
{Compoands | and 43 and i ofie instunce the exdipient pro-
vided for a 280:£pld fncroise in. concentintion-(Campound 21).
Again ju this casé, the absalute- vatiieg ol the foried. :;oiuuon:
was fow-{D.5 mg¥%) and gie Enharicemisnt s relaied tlie very.
poor soluhitity. of the compouni in the dissclution’ mcd:a With-
oul excipichts, Pa!yox wid, fiof Jexpectadiy, PEG«‘OHO Wk
the! yorst excipishis b forming supessaturitzd sotutions.in. that
therewas no:ax:ngfcuxampluofaccmcunfatmn heréses sbove
theee<fold of g0, Tiie suifactanty. as i class, ‘henEr suppm‘ted ihe

case-of both Chufnophor R1140 ahd Péfvsorbaie 20 andd "{) Hiis
forTPGS. TPGS also tendotd ygive.n highet averdpe sapeiiatit-
ration cotrparned to Wy oither twa it als. Cnmmnm!s thigl pave
the hifhestabsolité vakies in thé' spesiaineation jest foi TPGS
included Conousi] 9, 583 mg e, Compoun | 17, F10 mgsh and
Compounil § H14 g%, HPRCTY wlso provided for. uwiul val

was with 18 of the 25 cdmipoimds demonsiiating s upersaturition
ralios 5. The lghest ratios west obtained for Composnds 13,

24, W and 25wt tie Highest dhsolute viliss were mvitile
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Tahle 3

The seabiliny of forssed sipersatsrated-aolation in vie prodinie.af 25, (wlv)af virimes axgigianty’

Compound v HPMGES  deyOx PYPVA

PVFRID  FOMO Pabzd PGS HEOD  PROAD

tor Compourd 9, 625wg%, Compound 28, $21mg%k, Com-
pound 11, 414 mg% and Compound £, 244 nigh:. Thése data
are in cunlndt 10 other seports which suggest shat cyelodéx-
tring weee poor cxeipionts it suppotting supersanatiiion Abd, i
SO Cases,. accelerated c;y»{al‘ﬁmt_in'h- {Digs e i, 2003, Ma

ot gl §996; Iervolind et ., 2000) Simple comelation beiwiely

supetsatUration ratios and individua) physicochemical parame-
1 given in Tuble 1 .was poor suggesting complex interactisng
borwoen the excipients snd the drig candidates.

An indication of the stahitiry of the formed supersatiritesd

systemns s provided in Table 3. Taken i Isolation, die data

sugpest that HPC provides stable solution in 12 out of 25

instanees while there were 14 -hits, for HMPC. Pelyos and
PEG4001 provided table sotutions Tn § and |5 cases, respes-
tivieky, T surfactats could bus seratified based on stabitily wiih
TPGS> Polysornine 20> Cremaphos RHSG, Those duta conpot,
howevern, be tsed in aind OF (emielves Bl shiould be combined
with € inforatilian in Table 2. That I fformiaGon dn hoth
the extens and stabifity nf the supersamriied solnions is needed
fo select appropaste xcipisnts for subsedquen. devetipment. To
this point, #n example may be Blustrative.

Componnd 1 s a pooely sobable weak base with & winer sob-

ubsitity of 6.002 g% and solibitities I CUIN HCEo! 1.9 mpdt:
and 0,18 HEY of 1.3 pighe. When & DMA solulion is ddded i

HOLN HCL 4 supersaiurassd solntion 8 gencrated o THmghe
{i.e.. nine=fold igher than the equilibrivm sotubility -ty (LT,
O whieh i madntetned twough 120 win with a LESdecrdose

in tonceniration, Table 4 gives the time versos coneententior
dut;r obtained in the stpeesyitestion sisessments. fn-ovaluating
the-Tirst fine &f Tables Z and 3, ihe ckeipiént thiv gavé the high-
st extetit of siapersatoration was HPMC whicl gave w 12-fuld
inereast over the solubilily peneratedt in the mediwit srithout
excificnt and gréater thim 100:faldincrease over the egulibrivem
solubitity in (LGIN HCE and TPGS whers afive-fold Tmprove-
mesi oo e medivarand an dlmost 50-Told incrense aver the

Talle 4
Coricrtration i g of Compound’1 overtineie adissluion needia (BQIN
HEY cenlulning 2.5% {wivy ol varigay excipiehis

Timwe (arind BOINHO HEC HEMCES #VPVA PYPKI0
& i3 % 2 31 1]

i1 H 24, 7 s L}

80 i bisl 2 20 13

i20 16 W W 18 i
Fingd 1.9% M 23 23 2
Finiad & orgonicsdvent 24 28 14 3k e
“Fime trtin RHAG  PelyZ  TRPGE  HPRCLY  FECHIG
[ ’ ' L) &5 41 28 24

#0 §2. 4 Exs 25 7

1] 51 &7 T kX 2

i) 50 5€ 15 2 2

Finsi pH 3 ¥ N T 5. S X ) 7,29,
Final § mgahid delient 377 ay 55 201 1
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Tible § . ) L B

Bh’*.-phjanru_aﬂu1iéal propertve and Gl biduvidtsbitityof yideus oy sdlids conceps, fec Componnd:{-

Lt comedn Pisstugiod? (5 Criny Ak} e () AU nghinli Cnul B 14
Drug-in-capsuls ) % 4 s 3
PEGARD salution - 34l 3 B350 ki

HPMC LS coaied bead 93 4G 2 10,778 3§
HPHCDDnses) tnbiel BH: 761, 3 (LR ‘SR
RH#i-esed capsuln. TR kil 3 16,38 B8
TPOGSbusesl wxpsube oy, 1148 5 31008 il

& Disstotion st.30snie-fsee Section 33,

equilibr‘ium solubility was observed. In, dssessing stability. 1he
worst excifient way FMIFC with compound ievels falfing 90%:
wveethe 120 min experhneti time-coursd, The conceniration of
drug obibined wsing YPEES as fhe excipients were sustaivid with

an [B% 1bss, between the S and 120.h fiie. point,

Solid formplations wepe preparsd lo opiimize e orad
biavailability, of Compound 1 using e dog ae.d model. The
formifaiions hat were fregaied Included & simple desg hlend in
capsule, a PEGAM) solution, 2 capsils coniaiting. beads. onto
which was deposited a solid- dispession of the conpound in
HPMC (Vertick etak, 2004), a-tablei biscd tn & So-precipitate
of the drig with HPBCD, the compaund dissolved in Cremophior
RH40 and filled into-d gelain capsule and the dreg formulated

with TPGS amd fitled into.a petatin capsule. The amount of drig

was-adjndlel Such thal dagy redeived! 5 mejkg of th: campound,
Theoral hioavailability of the drug Irom wich concept wai desér-
mined By comparing blood lovels:with those obi.um»rl using an
TV dose Uf thi compound The daiware prg rm,d in Table §.

The mo:wmiabmty of the compound out of % simple blend was
oy eonsistent with its igh v..rvstdllxm!y (i 2567 C), Tow:
salubility, hlgh log Pand -weakly basic natude: Solublhzln;; the
compound in’ I’E(A[)'J tricreases e Hioatailability to-30% but
the phai cffect of PE.NGD{) on-supersaturation suggests fiwe
the.r improvemehts might e possitshe. To, that-end;. s content
basid on HPMC ES“was assessed: The oral bmnvmtubihry of
thig coRcepi was sligitly better than that: assnciated. with dbe
I’L(:dl)(} solition. That s while HPMC iy wives good efféct
an <up1.r<aturdmm extenl: the compound so formulated may
rapidly precipitate nwizlmg\ dny ddvaniage: The gyclodexuin
tiblet increased the. bmwaiiab:liw in the dog-io almost &%

micaning the modest sﬁluhahl&unc:\.ﬂse £1.6-Fold versus mediun
without-excipient and 15-fold versus equiliboum: solubility in
DOINHCD) ingither with the: siuhilizing effece.of the excipient
cornbined] togiven uselul salid formulation. Similar results were
chrained with Cremnpher RHAD which was comparable.tw the
cyelodeatem i th cespecrto both the exeent and l.mln!trv offered
terthe formed Stparsaturated sohstions. The solid cangept wilh
the best perforniines was biasad on-TPGS wihiere s hiouvailubii-
fryiof [00% was achisver, lo this case, it is possible. thit the
camiimation of the ipcreased exteniof supersateration-us well
as the resalting siabifity was oplimal ‘with regard. o the com-

pound assessed. Tn s Timaed sample-size, itamy be condhuded
thai-whilegenerating 2 supersstneaied solntions stincigased con-
renteations 3% gy, i stabifity .of the Tormed SysImS
may be the muin driver o this. exsi) piont-hased Tormulation
approazh. .

of HPMC andrivaconazole { Vereck cial, 2
i HPECIY and {iracotazole [Rambali o ak, 20033,

4, Conclusions

Fhe ddm ctillcitod huréin supest that 2 knowlsdge of how
Sxcipiinis inéract seith dL.elﬁpmnn!‘ﬂ drug c:amh(ialcs iy be
uselul i designing oral salid-doszge Torms. Two Jactors-seem.
£ be Ssporlant inclugding fhe exent 1 which the excipient can
inrease supeisttyration and the. \[ablhl}* Bl the formed Sysrems.
Such data-is useful i preparing. systoms based on-solid disper:
B00E nannpamdm or the amorphius form af the drug. in ull
of' mbSt‘ casesi;the high ensirgy form of thedrug may dissolve at,
klrpen'uufattd cancentration which- may. fram both:a thermnty-.
narmic as webl ug concentration point of view, be-gnabling for
dificult-to-formulate materiafs. In the example cifed. informa-
tonu stgersatiratingexcipionts was; useful in designing simple.
solids. The mpprenach deseribed is avseful place to start to gener-
#e:poyssible excipienty with-added valire in-a.sobid formulation.
It just-a stad however, Follow-up infermation shauld thefude

assessing Synerdies hetwoen-differoni exciiibnts or cacipient
types. In .addit‘:iian,-. i:may he possibly 1o-seleet 2 polymearic.car-

eigt which alsa bas good supersaturiling properties ag:in the-casy
(03 Six-etal., 2047}
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ABSTRACT

Cydlodextring can increase the apparent solubility and dissolution rate of paorly water-
soluble drug candidates improving their biopharmaceuticsl performance. The current data
assess the ability of hydrophilie cyclodextying 1o solubilize compounds via stabilization of
supersaturated drug solutions presumably by inhibition of nuclaation and arresting <rys-
tal growth, To these points, e effects of 2-hydroxypropyl-B-cycladextrin (HPBCD) and
sulfobutylether-p-cyelodextrin (SEEFCD) on equilibriumn eolubitity was assessed via phasa-
solubility analysis as were the interactions of these exciplents on drug solubility under
conditions favoring suporsaturation. Phase-solubility analysis indicated that different pro-
files were generated as o function of the cydedextrin examined and the pH of the complexing
medium, When kinetic solubility measurements were campleted, the cyclodextring were
found te stabilize concentrations of itracanazole significanty in excess of their equilib-
riurm coluibility when supersaturated solutiens were formed using the co-solvent/solvent
quench approach. These sohutions were stable ever 240 min falling in concentation at the
24h time point of the cxperiment unbke those formed using surfactants and ather poly-
mers which demonstrated a rapid decrease in concentration over time, These date suggest
thathiydrophilic cyclodextring mightbe usefu) formulation adjuncis in supersaturating drog
delivery systems,

© 2008 Elsevier 8,V All rights reserved,

1. Introduction

Cyclodextrins are functional excipients that have gained
widespread use and attention becauss of their ability to sal-

* Correspending author,

E-mail address: mbrewste@prdbe

ubilize, and in seme instances stabilize, poorly water-sotuble
drug candidates enabling both oral and parenterel formula-
ton (Fig. 1) (Davis and Brewster, 2004; Loftsson et al., 2004a;
Loftsson and Brewster, 1596; Thompson, 1957, Rajewski and

jnij.com (M.E. Brewster).

0523-0987/§ - gee Front matter @ 2008 Elsevier BV, All rights reserved.
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Cyetodextria Reilor
P-Cyclodaxtin -H
2-Hydroxypropyl-B-cyclodextrin LHaCHOHGCH,
Sulobutylethar-f-cyclodextrin sodlum aaly ~{CH)S0y Na®

TFig. 1 - Chemical structure of f-cydodextiin, 2-hydroxypropyl-p-cyclodextrin (HPACD) end sulfobutylether-p-cyclodextrin

(SBERCD).

Stella, 1996). in addition, these materialg can convert oils and
viscous liquids into free flowing powders and can suppress
vapor pressure and therefore can reduce unaesthetic smeils
and tastes (Brcwster et al, 1989). In the case of solubilization
and for many of the ather property unprovements observed,
the mechanism suggested is the formation of dynamic inclu-
sion complexes in solutlon between the eyclodextrin and the
compound of interest (S2ejtli and Osa, 1996; Szejtli, 1938).
This interaction occurs because of the specialized architec-
ture of the cyclodextrin molecule wherein the material takes
the form of o truncated cone or tworus with the primary
hydroxyl functions oriented to the narrower end of the torus
and the secondary hydraxyl function oriented towards the
wider end (Loftsson and Brewster, 1996; Brewster et al,, 1989).
This makes the exterior of the moleculs relatively hydraphilic
while the cavity interfor is relatively hydrophobic so that
the starch denvative hes some degree of water solubility. At
the same time, the interior lipophilic cavity allows appro-
priately sized lipophiles to interact resulting in sclubiliza.
tion.

cis
0 o

While complexation describes many of the pharma-
ceutically and biophurtnaceutically zelevant attributes of
cyclodextrins, some observativns suggest that other factors
are alao involved, Loftsson et al, (2002, 2004b) found, for exam-
ple, that in additon to complexadon, other non-complex
related phenomens can contribute to drug solubilization
including the formation of aggregates in solution as well as
surface active properties of the drug-cyclodexarin system. In
the model developed, solubilization of the drug is & function
of both complexation and non-complex-based association
and was based on discrepancies between jdeal and observed
phase-solubility behavior.

The current work looks to explain several observations
that seem to be in contradiction to pure complex-driven
effect of cyclodextring using itraconazole as a probe molecule.
Iuconazole i a broad-gpectrum antifungal agent which
iz marketed in an orel end Lv. solution containing HPRCD
{Sporanox®) in the US, Burape and the Far East (Dovis and
Brewster, 2004). Certain hydrophilic cyclodextrins appear to
‘hawvea differential effects, both qualitatively and quantitatively,

¢

:.. VAR /‘\\N—cu—cnz—cm
CH;—0—< ?—N N—< }— N [
p— \e=N oy

HKraconezole

Fig. 2 ~ Chemical structure of itraconazale.
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on the solubilization profile on itraconazole (Fig. 2). Brewster
etal. (2007) reported that solubilization of crystalline itracong-
zole in 20% w/v HPRCD in an addic medium was associated
with a day 1 solubility value of 350 g/mL which increased
slowly over time to pive a day 28 value of 500 pg/mL. Con-
versely, amorphous {traconazole generated 11.6 mg/mlL at a
day 1 measurement which slowly decreased to 2mg/ml &t
day 28. One explanation for these observations is the posesible
effect of HPRCD as a stabilizer of the farmed supersaturated
gystemn vla nucleation and crystal growth inhibition. The abil-
ity of cyclodextrin to act in this capacity has been suggested by
several authors (Loftssan et al., 2004c; Pedersen, 1997; Uskama
etal., 1992; Ma et al., 1996; Xiang and Anderson, 2002; Torres-
Lebandeira et al,, 1991; Dias et al., 2003; lervoling et al., 2000,
2001),

2, Materials and methods

2.1.  Materiais

Crystalline and amerphous ftraconazole was obtained fror
Johnson & Johnson Pharmaceutical Research and Develop-
ment, Beerse, Belgium. The following excipients were used
in the studies: hydroxypropyl methylcellulose (HPMC) 2910
SmPas (Aqualon, Hercules, Zwijndrecht, the Netherlands),
Cremophor RHA0 (BASF, Hamols, Belgium), Polysorbate 20
{Codibei NV, Zeventem, Belgiurm), a-tocophery] succinate
esterified io polyethylene glyco! 1000 [TFGS) {Enstman Chem-
{cal Company, Anglesey, UK), HPRGD wes obtpined from
Roquette (Lestrem, France) and was characterized by a degree
of substitution of 4.2 based on an FT-IR method {Michaud and
lcart, 2001). SBEBCD was obtained from CyDex Pharmaceuti-
cals, Inc. (Eenexn, KS, USA). Phosphate-citrate buffers were
used for pHs 4 and 7 media. The pH 7 buffer contained a mix-
ture of 20.1 M cltric acid solution and 0,2 M disadium hydrogen
phosphate solution (17.65:82.35 v/v) while the pH 4 buffer con-
tained e 61.45:38.55v/v mixtuze of the citrate and phosphate
components,

2.2.  Phase-solubility analysis

Complexes were prepared by sonicating an excess of itra-
conezole in verious concentrations of aquecus HPRCD ar
SBERCD ranging from 0 to 20% w/v prepared in several systems
{water, 0.1N HC], 0.0N HCl and pHs 4 and 7 citrate-phosphate
buffer) (Peeters et a1, 2002). After 10min of senication, the
suspensions were eguilibrated for 3 days at which time, a
small volume of the supematent was withdrawn and filtered
through a 0.4Spm polyvinylidene diftuoride {PVDF} mem-
brane {Nihon Millipore). Samples were then diluted with
G.01N HCL and analyzed by UV (at 254nm} using a Hewlett
Packerd 8451B diode array spectiophotometer, Experiments
were completed in triplicata, The solubility and chemicol sto-
bility of itraconazole was also asscased by HPLC in certain
experiments. The systems configuration included a Varian
LC 5010 solvent pump, a Varian 5096 autasampler fitved
with a 10pL sample loop and a Varian 9065 Polychrom
diade array detacter (for itteeonazole, A=268nm) dedicated
0 a Compac Descpro PC. Szmples were eluted on an RP 18

Hypersil 0DS column (10cm x 4.0mm i.d,, 3 um particle size)
using a flow rate of 1.6mL/min end & mobile phase com-
position of ammonium acetate {0.5%)methanolacetonitrile
(35:14:51). Dibuty! phthalate served as the internal standarnd.
Urnder these conditions, the rotention time of itrecona-
zole was 4,0min and for the internal standard, 4.62min,
To avoid adsorption of the drug an the filters and trans-
ferring devices, the membranes and syringes were treated
using @ saturated solution of itraconazale in 0.0IN HCI. The
syringes and Blters were flushed with 3ml of the itracona-
zole solution four times pricr to analytical sample handling,
itreconazole is chemically stable under the conditions of
the analysis. The stoichiometry of vatious phase-solubility
isotherms is estimated by curve-fitting to various polynomi-
als to gencrate tial values as presented in the appropriate
figures,
2.3,  Solubilization by surfactants

Anexcess of itraconazole was pdded to water adjusted topH S
containing various percentages of TPGS (2.5, 5, 10, 15, 20% wiv)
and the sample were equilibrated for 10 days. Somples were
fltered through 2 0.45 um PVDF membrane and analysed by
HPLC as described in the previous section.

2.4,  Supersaturation testing

Severaltypes of experiments were completed all of which were
based on the co-solvent method {Raghavan et al,, 2001, 2003;
Davis and Hadgraft, 1992). In this approach, a drugin a salvent
providing good solubility is added to a second solvent in which
the drug has little or no solubility. This creates a situation
where highly supersaturated solutions cen be almost instan-
taneously formed and is similar, in form, to the techniques
used te assess kinetic solubility. Ina preliminary assessment,
a solution of itraconazole was prepared in dimethylformamide
(DMF) {S0mg/mi). The sohation was then added dropwise
inta the dissclution media until a precipitate formed. Dis-
solution was completed eccording to the USP (apparatus I}
using 300mlL of 0.1N HC! equilibrated at 37°C with or with-
out SC0mg HPMC. The solution is stirred at 150 pm. At 5, 30,
60 and 120min after sddidon of the soludan, a small volume
of the suspension is removed from the vial, filtered and the
concentration determined by UV as described above. For the
second type of experiment, a screening essay was developed.
In this instance the SOmg/mL solution of itracanazole in DMF
wat added in small aliquots aver a prescribed time peried into
10 mL of dissolution solvent, in this case 0.01N HCl with (2.5%
w/v) and without the excipient to be tested. Just at the point
when 3 precipitate was observable, the sddition of the drug
solution was stopped and at 5, 30, 60 and 120 min thereafter
the dissolution bath was sampled, the sample fitered and
assayed spectrophotometrically to provide the cancentration
af iraconazole rematning in soludon as described in the sec-
tion above. The third group of experintents, which extended
the charecterization of TGS, HPRCD and SBERCD-based sys-
tems, were similarty completed however they used an n=3

* and provided additional time points t 180, 240 and 1440 min

to better charocterize the longevity of the supersaturated sys-
tem,
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3. Results

3.1, Phase-solubility analysis

Phage-golubtlity anelysis of itraconazole in the presence of the
two cyclodextring was completed in tum (Loftsscn et al, 2002,
2005; Peeters et al,, 2002; Higuchi and Connona, 1965; Brewster
and Loftsson, 1999, 2007). The total solubility (Spyw} of & drug
as a function of cyclodextrin concentration is given by:

Stouat = 5o + M{DKCD]

where 5y is the drug concentration in the absence of cyclodex-
trin and m refers to the stoichiometry of the drugcyclodextrin
complex if one cyclodextrin motecule [nteracts with one drug
molecule, complex characteristic can be assessed in partusing
phase-solubility analysis such that the stope of the phase-
golubility relatdonship can be given by:

SoKan

Slope = SoKui+1

where Ky it the stability constant for the complex. Higher
order complexes require ather techniques for the ealeulation
of their srability constants, Higterically, higher oxder complex-
ation (that is the interaction of one drug with a number of
cyclodextrin units) has been suggested by = positive devia-
tion frora linearity for the phase-solubility relationship snd
deconvolution of the curve can give numerical solutlons for
the stability congtants (Higuchi and Connons, 1965; Brewster
and Loftssen, 1999). For a secand-order relationship, fitting the
data to a quadratic model is appropriate;

Stueal = So + K31 So[CD] + KiK1aSa|CDT

however this model assumes that the towt CD con-
centration |s estimated by the free (le., uncomplexed) CD
concentration, If this assumption does not hold, the paradigm
suggested by Higuchi end Krisdatsen should be used (Peeters
et &l,, 2002; Higuchi and Kristiansen, 1970). For 1:3 interactions,
a third-order curve-fitting {& appropriate. To acegunt for the
concentration of bound cyclodextrin in these cubic reladon-
ships, Peeters et &l. (2002) suggested a non-linear optimization
technigue based on an iterative Nelder-Meod approach.

The relatonships between the two solubilizers and drug
in water {pH ~6.5), pHs 7 and 4 buffer, 0.01N HC] {pH~ 2) and
Q.1N HCl (pH ~1,5) rre given in Figs. 3-7. In water, the isotherm
gives an Ap-type profile which can suggest the formston of
higher order complexes at higher cyclodextrin concentrations.
In edditian, the fact that it is difficult to identify an initial Lin-
ear segment of the isotherm may also suggest non-inclusion
complex related phenomena incuding cyciodextrin aggrepa-
tion or surinctent-baged effects (Loftsaon et al,, 2004b). In any
case, there i3 n significant effect of HPRCD on solubllity of
itraconazole such that the drug concentration increeses from
~1ng/mL in the absence of cyclodextrin to 4pg/ml, at 2.5%
w/v HPACD and 330 pp/ml at 20% w/v HPRCD (Fig. 3), For
SBEPCD an Ap-type profile is also observed. Various groups
have reported that this strongly suggests the interventon
of non-inclusion complex effects since coloumnblc repulsion
discourages higher order complexation based on charge intar-
action for this negatively charged cyclodextrin (Thompson,
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Fig. 3 -~ Effect of HPACD (diamonds, blue line) and SBEBCD
(squares, pink line) on the solubility of itaconazole in
water (n = 3). The calculated linea represent fitting of the
data to & third-order model which was aptimal in this case
based ot goodness-of-fit and correlaton coeffidents, For
HP{CD, r? » 0.999 and for SRERCD, 2 > 0.999, Note that arror
bars are within the symbal.

1997; Loftsson et al., 2002; Okimoto et al., 1996; Zia et al,
1997). The apparent equilibrium solubility of itraconazole in
2.5% SBERCD was measwed at 2ug/ml while that in 10%
w/v cyclodextrin the vahie was 14 pg/mL In a buffered media
at pH 7, the data was qualitadvely similar (Fig. 4). At pH 4,
HPBCD continued to provide for better relative solubility as
a functon of cyclodextrin concentration although the effect
was lower (21-fold increase for HPECD compared to SBERCD
at pH 7 and B-fold at pH 4 at 10% w/v cyclodextrin) {Fig. 5).
Curve-fitting suggested that complexation for itraconazole
with both HFACD and SBEBCD at pHs 7 and 4 wes best vging
b cubic equation consistent with published work on itracona-
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Fig. 4 - Effect of HPRCD (diamonds, blue line) and SRERCD
{squares, pink line) on the solubility of itaconazole in pH 7
phosphate—citvate buffer {n=3). The calculated lines
represent btting of the data to a third-order model which
was optimal in thie tose based on goodness-of-At and
correlation coefficionts. For HPRCD, r2 » 6.999 and for
SRERCD, 12 = 0.598. Note that error bars are within the
gymbol,
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Fig, 5 - Effect of HPRCD (diamonds, blue line) and SBERCD
(squares, pink line) on the solubility of itraconazole in pH 4
phosphate—citrate buffer (n=3). The calculated lines
represent fitting of the data to a third-order model which
was optimal in this cese based on goodness-of-fit and
correlation coafficients. For HPRCD, r2>0.999 and for
SBEBCD, r* > 0.999. Note that arrer bars are within the
symbol,

zole and HPRCD (Peeters et al., 2002), When 0.01 or 0.1N HGl
was used as the complexation medium, the reletive order of
the cyclodextrin with regard to solubilization switched such
that the SBERCD become the better solubilizer This, along
with the effects seen at pH 4, Is consistent with the wark
of Zia et al. (2001} wherein ionization of bases tended to
reduce interactions with HPRCD while association constants
with SBEACD were less effected, Furthermore, increasing ionic
strength tended to reduce complexation efficlency between
SBEBCD and charged basic drugs due to charge shielding
which minimizes the coloumbic atraction. In any case, at
10% witv cyclodextrin, SBEBCD selubilized approximately 1600
and 5500 wg/mL itraconazole at 0.01 and 0.IN HCL, Tespec-
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Fig. 6 - Effect of HPRCD (diamands, blue line) and SBERCD
(squares, pink line) on the solubility of itraconazale in
0.01N HCl {n m3}. The calculated lines represent fitting of the
data to a second-order modal which wag optimal in this
case based on goodness-of-fit and correlation coefficients.
For HPRCD, ¥ > 0.999 and for SBEBCD, r* » 0.999. Note that
error bars are within the symbol.
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Fig. 7 - Effect of HPRCD {diamonds, blue line) and SEEACD
{squares, pink line) on the sclubility of itraconazole in 0.1N
HCl (r =3}, The calculated lities represent fitting of the data
to a second-order model in the cage of HPRCD (P » 0.959)
and a first-order mode in the case of SBERCD (12> 0.999)
which was aptimal in this case based on good of-fit
and correlation cocfficlents. Note that ervor bars are within
the symbol.

tively, while the corresponding values for KPBCD were 253 and
~2500 pg/ml itraconazale, respectively. At pH 2 (0.01N HCI)
the isotherms for both HPRCD and SBERCD were best fit to
8 quadratic functon (Fig. 6). This behavior had been previ-
ously reported for HPRCD by Peeters et al, {2002) and Miyake
et al. (1999). At pH 1, the isotherm for HFRCD could best be
fit to a quadratic function while that for SBEBCD was Hnear
{Fig. 7). The effect of decreasing pH on the stoichiometry of
complexes for HFBCD with weak bases has been suggested to
be related to changes in structural affinity as a function of pro-
tonaton (Peeters et al., 200Z; Johnson et al., 1994), The SBEBCD
data are interesting. As indicated above, the geometry and
structure of this highly anionic cyclodexoin argues against
the formatien of higher order complexes especially given the
confermational nature of the itraconazole molecule (Loftsson
et gl., 2002; Peeters et al,, 2002; Zia et al,, 2001). Having said
that there seems to be a chenge in isotherm curvature for the
SBEpCD-itraconazole interaction in going from pHs 7and 4, 1o
PH 2 (001N HQJ) to systems studled in 0.1N HCL Whether this
is related to non-complex features of cyclodextrin solublliza-
tion or ather effects still needs to be investigated. It i possible
that the low pH or higher ionic strength would nat only change
the drug but aizo the manner in which the cyclodextzin inter-
acts with the drug The pK, of the SBECD is at least 2 units
lower than the pH of the media at 0.1N HCl but charge shield
or other effects might be involved as suggested above,

3.2.  Sclubflization by surfactants

Surfactants can enhance the solubility of poorly water-soluble
lipophiles through micelle formation and other mechanisms
{Rangel-Yegui et al, 2005; Torchilin, 2001). Selubilization of a
drug by a surfactant is given by the following equation:

Stotal = So + #(Curfacsan — CMC)
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where Sy is the total concentration of drug solubilized,
8 ip the solubility of drug in the absence of cthe salubilizer,
Cyyriycent 15 the concentration of surfactant, CMC is the critical
micellar concentration and « is defined as:

- Syicelle

o
Chlcene

where §jcal is the drug concentration within the miceite and
Casiceate if the molar concentration of surfactant (Loftsson et al.,

2002; Yelkowsky, 1999). If the CMC is significantly lower than

the concentretion of surfectant used, the solubility relatlon-
ship aimplifies to:

Stoua) = 50 + xCoudacrant

The interaction of {traconazole with TPGS is illustated in
Fig. 8, The CMC of TPGS is 0.02w/w¥% meaning that the con-
centrations used in this study were gll well ahove the CMC
{Constantinides et a)., 2006). The date indicate & Hnear rela-
tionghip between the solubilizer and drug [r?=0995) with
equilibrium solubilities of 13 pg/ml at 2.5 w/w¥% and 85 up/mL
at 20 w/w% TPGS. The x value is 895 x 10™.

3.3.  Supersaturution assays

To evaluate gupersaturation, an assessment was completed
for {traconazole in the presence and absence of HPMC. The
equilibrium solubility of itreconazole at room temperature in
0.1N HCl is 6 and <1 pg/ml in 0.01M HCL In a fiest geries of
experitments, the hypothesls chac HPMC stabilize supersatu-
rated solutions of itraconazole was assessed. For this purpose,
300 miL of 0.1N HCl was uzed as the dissolution medium with
or without added HPMC, Using the co-sclvent approach, e
solution of 50 mg/ml itreconazole in DMF was added to the
media to generate o supersaturated solution of itreconazole
at opproximataly 400 ug/mlL [66-fold increase over the equi-
librium solubility) (Raghavan et sl, 2001, 2003; Davis and
Hadgraft, 1991). These levels were not physically stable and the
drug concentration were reduced by 25% at the 120 min time
point (Fig. 9). The total volume of DMF sdded to the dissolution
veage]l wag <1%. When HPMC is added, the supersaturaton
levels are maintained through 120 min suggesting that this
exciplent improves the physical stability of the formod super-

500 9.1 N Rl
WHPMC

S min 30 min 80 min 120 min
Time

Fig. 9 - Supersaturation data for itraconazole in eithar
300mL 0.1N HCI er 300 mL 0.1N HEC with 500 mg HPMC.
Equilibrium sehubility of iraconazole at 0.1N HClis 7 ppfmi.

saturated solution. Having said that there was no effect on
the level of supersaturation. HPMC and PVP have been shown
t0 act as a solubllizer for verious compounds including aceta-
zolarnide, prazepam and sulfamethoxazole via polymer-drug
complexation (Loftsson et al,, 1996). In this instance, solubi-
lization of itraconszole by these polymers is negligible.

While this approach was useful in assessing the effect of
excipients on supersaturation, it was cumbersome, required
large volumes of dissoludon medium and thus did not lend
itself to screening, To address these issues, o downsized super-
saturntion test was developed to asscss the effect of vatious
excipient ¢n both the extent of supersaturation and the sta-
bility of the formed supersaturated solutions (Vandecruys ot
al., 2006, 2007). The approach was again based on the co-
solveat/solvent quench method but the rssay was completed
using 10mL of a 0.01N HC! dissclution medipm. This medium
was selectad based on both physiolagical relevance (it is gimi-
lar to SGF without pepsin) and breadth of application since this
was developed as a general screening tool. In the assey, three
surfactants (Tween20, RH40, TRGS), two hydrophilic cyclodex-
tring (HPRCD and S8ERCD) and PEG4000 were used, Data from
a screening assay are presentedin Fig. 10. In the media without
additives, addition of inmconazole in DMF generated a super-
saturated phase with concentration of 17 pg/ml. There was
little if any effect of PEG4000 with supersaturation values and
durations beingsimilar to the bMank. Addition of surfactants to
the dissalution media allowed higher levels of itraconazole to
be generate such that 400, 520 and 1450 pg/mL were obtained
in the presence of Tween20, Cremophor RH4D and TPGS,
respactively. These values are supersaturated relative to the
equilibrium values for itraconazole in media eontaining these
surfactants. For TPGS, for example, 2.5% w/w of the excipient
generates solubility for itraconazole of 13 pg/rmol. The physical
stability of Kineric systems was limited with the original super-
saturation concentration in the Tween20 systern reduced by
83% at 30 min and »95% by 120 min. Cremophor gave similar
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Fig. 10 = Supersaturntion data for itraconazole in the
presence of various excipients. Equilibrium solubility at the
same excipient concentration (2.5% wiv) for TFGS was

13 pg/ml, HPRCD was 21 pg/ml, and SBERCD was

219 ug/ml.

results. TPGS was assaciated with o somewhat more robust
profile with maintenance of supersaturation through 3¢ min,
a &0% decline in concentration by 60min but a greater thon
90% decline by 130 min,

The cyclodextrins tested gave a different profile. The addi-
ton of 25% w/v HPPCD into the dissolution media resulted
in a measured concentration of 770 pg/ml which ropresented
8n increase sbove both the sample without the excipient
(16 ug/mL) as well as the solubility determined at equilibrium
in phase-sotubility analysls (21 .g/mL). Note that the organic
selvent (DMF) at the concentrations present in the sarples
{33% w/v in the worst case) did not affect the solubility of
iraconazele (data not shown), Purthermore, the concentra-
ton of drug in the system was maintained throughout the
time course of the experiment. The effect of the SBERCD was
even greater with itraconmzole concentrations increased to
1700 pg/ml and good stability over the 120 min experiment,
Aguin these levels were in excess of those generated in the
absence of an excipientor at equilibriurm in ¢.01N HCL centain-
ing 2.5 w/v % SBERCD (206 pg/mL). Interestingly, even though
SBEECD I a better complexing agent for itraconazole in 0.01N
HC], the extent of supersaturation is greater for the HPECD sys-
tem {36 vs. 8-fold). This may sugpest thet mechanisms other
than simple complex formation are regponefble for the sta-
bilizing effects which may include inhibition of nucleation

and crystal growth. Based on these screening experiments,
more detailed assessments were completed on the supersat.
uraticn effects of TPGS, HPACD and SBEBCD as precented {n
Table 1. These date, completed in triplicate, give an indication
of the robustness of the technique in that a comparison of
Fig. 10 and Table 1 suggest reasonable concordance. The pat-
tems generated were similar with regard to supersaturation
effects. In addition, the stability of the formed supersaty-
rated systems was followed over a 24h tme cowse rather
than 120 min. The itraconazole concentrations in media con-
taining TPGS were stable through 60min (rather than 30 min
in the screening experiment) however the concentration in
soludon at 120min were only 6% of that at 60min. Again,
the cyclodextring better support supersaturation with mini-
mal loss through 240 min followed by a decline such that the
24h sampling point was 8% of the 240 min values in the case
of HPACD end 12.5% in the case of the SBEACD. Interestingly,
the standard deviations assoclated with supersaturated con-
centradons of itraconazole increase at the time point{s) just
prior to solution “collapse” as seen at 60min for TPGS, 180
and 240 min for HPECD and at 240 min for SBEBCD. At 24h,the
values for itraconazole were 13-fold and 40-fold higher in the
HPACD and SBERCD systems, respectively, when compared to
the salvent blank.’

4. Dlacuasion

As reviewed by Macle and Grant (1986), the actual process of
nucleation {s not known with any degree of certainty but =
nucleus must form to serve as a center for depositon of solute
from the supersaturated system allowing for crystal growth.
Crystal growth is believed to take place in three steps including
(1} diffusion of tha molecule from the bulk mediz to the solid
crystalinterface, (2) the adsorbed molecule, threugh & surface
reaction, becomes part of the crystal lattice and the heat of
crystallization released and (3), the heat of crystallization is
conducted to the bulk medium.

Therate at which nucleation and crystaliization takes place
is determined by o number of thermedynamic, kinetic and
molecular recognition phenomenon (Miller et 8L, 2007). Asolid
phase will erystallize out of solution if the chernical potential
of the sclid phase is less than that of the dissolved phase.
In order for crystallization to praceed, supersaturation musat

Table 1 - Effect of selected exeipients at 2.5% wiv on the concentration £ S.D. {n=

itracenazole added in a DMF solution from 5 min 10 24h pasi-addition

2) and selution physical stability of

. Time (min} . itraconazole (ugfml) . . -
' 0.0IN HCl TPGS 'HPRCD - " SBERCD .
s 156401 13654135 7750461 1739.3413.2 |
E 4 15503 19734168 7787432 - 17NM0%44 !
60 15.1:£0,2 1215 114 | 7728228 - 171834296
120 151502, TH2EaE 7743 %58 ATI30+53
180 101413 662432 75705178 168372170 |
240 5.B£0.4 6194337 73671152 1379743732 .
1440 43401 453429 583122 1737435
Fina) pH 2,02 17 210 229
DMF¥% in fnal solution om% 2.9% L5% 3%
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occur 8 this is the driving force for nucleation and crystal

growth. The rate of nucleaton is generally expressed by the
following equation:

=16mAy3

f= Nov exp (3(kan’(1ntczsn’)

where ] is the number of nuclei formed per unit time per unit
volume, Ny i3 the number of molecules of the crystallizing
phase per unitvolumme, v is the frequency of transport through
the nucleus-liquid interface, vis the molecular volume of the
crystallizing solute, y is the interfacial energy per unit area, ky
is the Boltmann constant, Tistemperature and o/sis the extent
of supcersaturation. As described by Miller et al, {2007), solu-
billty, interfactal tension and viscosity are the solvent-related
features most likely to effect nucleation.

Mnterinla that mey inhibit nucleation or erystol growth
have been reported (Raghavan et al, 2001, 2003: Gag etal, 2004;
Terayama et al, 2004). These materipls have several poten-
tial actions inch:ding altering bulk properties such as surfoce
tension or saturaticn solubility, changing the adsorption layer
at the crystal~-mediurn interface, selectively adsorbing to
the erystol interface thereby blocking crystal growth, being
adsorbed into growth leyers and thereby disrupting growth
1ayers gcross the surfece, sdsorbinginto surface imperfections
causing rough surfaces to become flat and altering the surface
energy of the crystal face.

The effect of pharmaceutical polymers such as methyl cel-
lulose (MC}, HPMC and PVF has traditionally been agcribed to
several of the effects described above (Raghavan et al., 2001).
Simonelli et al. (1970) suggested that the inhibitory effact of
PVP on the nucleation and growth of sulfathiazole was asso-
ciated with the polymer forming a porous net around growing
cryseals such that crystal growth was relegated to the formed
peres In the polymeric network. Others have suggestad that
the polymers adsorb to the crystal thereby inhibiting the addi-

.don of malecular units from the bulk solution (Raghavan et

gl,, 2001). Additional mechanisms that have been forwarded
include the suggestion that these polymers ¢an solubilize the
drup of interest through complexation thercby reducing the
degree of supersaturation (Rodriguez-Homedo and Murphy,
1999, Strickley, 2004). Raghavan et al. {2001, 2003) comrelated
the hydrogen bond donor and acceptor properties of hydro-
cortisone acetate, HMPC and PVP to explain the differential
inhibitory effect of the polymers on drug nucleation and
cryste] growth. The working theory developed included the
interaction of the polymer in the unstirred water layer sep-
arating the grawing crystal and the bulk media. Specifically,
the polymers can hydrogen bond to growth sites on the crys-
tal thereby blocking growth. In addidon, even though these
polymer may be rejected at the crystal interface, they may, for
a variety of reasons, accumulate in the unstirred water layer
and increase resistance to diffusion, Thase effects were pre-
dicted to be higher for those faces of the growing crystal that
have g higher hydrogen bonding potential meaning that the
habit of the crystals may change along with their growth rates.
Yokoi et al. (2005) sugpested HPMC and sugar esters (sucrose
fatty ocid esters) excrted differendal effects on the stabiliza.
tion of aquecus suspensions of cefditoren pivozil based on the
their nature and extend of surface binding. Thus, the inter-

action of HPMC was such that crystal growth was selectively
inhibited where the sugar ssters were predicted to inhibit both
nucleation and cryatal growth.

In the case of hydrophilic cyclodexcring, Xiang and
Anderson (2002) found that the generation of supersaturated
svluticns of & novel anti-cancer agent (Silatecan) was possible
by converting a precursor to the lactone at en appropriate pH
in a SBEACD solution. These systems were stable for up te 3
days after preparation and could be lyaphilized and success-
fullyreconstituted. Uekama et al. (1992) have also assessed the
ability of CD to inhibit crystal growth in dreg formuladons,
In a spray-dried dispersion of nifediplne and HPACD, erystal
growth was minimired such that nejther dissolution changes
nor attenuation of oral bioavailebility in dogs were observed
in aged material compared to freshly prepared dispersions.
Furthermore, Torres-Labandeira et al. (1991) found that super-
saturated solutions of pancratistatin could be prepared in
HPACD solutions. In thelr preparation procedure, the drug was
treated with ammenia after which the squeous ammoniacal
solution was removed by freeze-drying. Reconstitution of the
powder allowed for solutions as high as 9mg/mi. to be pre-
pared. While ptecipitation was dbserved in these samples, the
use of polyethylens containers as well as HPyCD pravided for
2 significantly prolonged latency perlod prior to precipitation.
lervolino et al. (2000) reported that HPRCD inhibits nucle-
ation of ibuprofen in supersaturated PG-water systems and
distinguished this effect from that of HPMC which was effec-
tive in preventing crystal grewth. Dias et al. (2003) suggested
o gtabilizing effect of HPRCD-HPMC sygtems on supersatu-
rated diclofenac solutinns, On the other hand, Ma et ol. (1996)
found that HPRCD necelerated crystal growth ef norethindrone
acetate in a supersaturated acrylic adhesive.

The suggested mechanism for inhibition of nucleation
and crystal growth observed in the case of pharmaceut-
cal polymers may alano apply to the chemically modified
hydrophilic cyclodextrins examined. Specifically, cyclodax-
trins solubilize jtreconazole by inclusion complex formation
with possible contribution from non-complex-based mech-
anlsrms. This incresses the chemical patential of the drug
in solution, increarsg the epparent saturation solubility and
decreases the extent of supersaturation {lervolino et al., 2000,
2007; Strickley, 2004). As noted, this effect slone does not
seemn capable of accounting for the effect on the formed
supersaturated soluton based oo the magnitude of the mea-
sured changes on apparent solubility. On the other hand,
lervoline et al (2000) suggested that the interaction of
ibuprofen with HPACD changes the metosteble zone ee & func-
tion of drug-cyclodextrin interaction and solubilization. The
¢yclodextrins may also interact with the growing crystalina
manrer analogous to HMPC with hydrogen bonding to sites
ansociated with crystal growth as well as accumulation in
the unstirred water Jayer resulting in en increase in diffu-
siongl resistance secondery to viscosity or even the ability of
the cyclodextrin to complex with dreg menomers inhibiting
efficient mass transfer at the interface. In some cases, the
preparation method can promate the formation of supersat-
urated systerns a5 in ¢ases where ammonia or volatile acids
are added to facilitate complexation and then removed via
Iyophilization (Loftsson et al., 2004c). Pedersen (1997) sig-
gested thatsupersaturation was more likely when a malecular
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comples was assessed compared to freeze-dried or ground
materials containing mixture of the drug and cyclodextrin
baged on the rate of cyclodextrin dissolution. For complexes,
the dissolution rata Is imited meaning that drug release as a
function of cyclodextrin availability provides for supersatura-
tionin contrast to other systems where the vate of cyclodextrin
dissolution is larger providing a greater oppertunity for saly-
ton complexation and en increese in the saturation solubility
of the drug.

Loftesan et al, {2007) has also suggested that the manner
by which excipient alter the cohesive nature of water may
effect induction time and nucleation. To this point, materials
that enhance water structure {i.c., kosmotropes) may stabilize
supersaturated solution while those reducing water structure
{i.e., chaotropes) may have the opposite effect. Cyclodextrin
have been suggested to be eugar-like in their effect acting as
a kosmotrope at higher concentratons, Finally, certain types
of cyclodextrin nanoparticles can be formed using techniques
slillar to the solvent quench approach used herein {Duchéne
et al, 1999). Imporandy, these techniques have been applied
to amphiphilic cyclodextrin derivatives in which the hydroxyl
functions are appended with alkyl ethers, esters or amides
would seem less relevent to hydrophilic cyclodextrins such
85 HPBCD and SBERCD. Having said that, the aggregation of
hydrophitic cyclodextrins has been suggested in aquecus gys-
ters (Brewster and Loftsson, 2007),

S. Conclusions

Cyclodextrins have long been valued for their pharmaceuti-
<al properties which enable the formulation of 8 number of
biopharmaceutically challenging drugs and drug candidates.
The basic for these effects were generally attributed to the
ability of cyclodextring to form dynamie inelusion complexes
in solution. Recent data suggest that some of the solubilizing
potentisl of the cyclodextrins may be related to non-inclusion
complex related phenomena such s cyclodextrin aggregation
or surfactant-like properties inherentin these systers. A third
possible action for these useful excipients may be their abil-
ity to stubilize formed supersaturated solutions. $uch effects
may be very useful in the preparation of dosage forms that
are designed to operate under carrier-controlled dissolution
(i.e., solid dispersions) snd give rige to supersaturation and
improved oral bicavaitability. ’
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