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I. ALEGATOS CONTESTACION OPOSICION

Yo, Emilio FERRERO, en mi condicién de apoderado de la
sociedad solicitante de la patente de la referencia, por el
presente escrito doy respuesta a la oposiciébn formulada por el
doctor José€ Luis REYES VILLAMIZAR, apoderado de las sociedades
TCNOQUTIIICAS S8.A. Y LABORATORIO FRANCO COLOMBIANO LAFRANCOL
8.A., opositores en el asunto de la referencia.

Il. CONTESTACION DENTRO DEL TERMINO LEGAL

El oficio No. 08389, en el cual su Despacho dispuso
otorgar a mi representada término para presentar sus
argumentaciones a favor de la patentabilidad del invento de que
trata el asunto en referencia, me fue notificado por fijacibn
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en lista el dia nueve (9) de octubre de dos mil tres (2003). El
término previsto en el articulo 43 de la Decisién 486 de la
Comigién de la Comunidad Andina vencia el nueve (9) de enero de
dos mil cuatro (2004).

Mediante escrito radicado ante ese Despacho el ocho (8)
de enero de dos mil cuatro (2004) solicité un plazo adicional
de sesenta (60) dias, para presentar las argumentaciones de mi
representada, por lo que el nuevo término vence el seis (6) de
abril de dos mil cuatro (2004). Por tanto, esta defensa estd
siendo presentada dentro de la oportunidad legal.

Ill. RESPUESTA A LAS PETICIONES

Me opongo a las peticiones de las sociedades opositoras
y en consecuencia, solicito a ese Despacho que con fundamento
en las consideraciones de hecho y de derecho que se presentan
en este esgcrito se declare sin fundamento 1la oposicién
presentada por TECNOQUIMICAS S.A. y LABORATORIO FRANCO
COLOMBIANO LAFRANCOL 85.A.

En consecuencia, sBe declare que el invento titulado
COMPOSICIONES INHIBIDORAS DE CICLOOXIGENASA-2 QUE TIENE RAPIDO
ACCESO DE EFECTO TERAPEUTICO cumple con los requisitos exigidos
en el articulo 14 de la Decisién 486 de la Comisién de la

Comunidad Andina y dem&s normas concordantes. Por tanto,
solicito se sirva otorgar a mi representada la patente
solicitada. '

IV. AUSENCIA DE CUMPLIMIENTO DEL REQUISITO DEL LEGITIMO INTERES
- EN LOS OPOSITORES

De conformidad con lo dispuesto en el articulo 42 de la
Decisién 486 de la Comisién de la Comunidad Andina, quien tenga
interés legitimo puede presentar oposicién para desvirtuar la
patentabilidad de la invencién.
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A este respecto llamo la atencién de su Despacho a la
interpretacidén que en diversas oportunidades ha hecho el
Tribunal Andino de Justicia de la Comunidad Andina en cuanto al
requisito del interé&s legitimo del opositor que consagraba el
articulo 25 de la Decisidén 344, y que en igual forma exige el
articulo 42 de la Decisién 486 de la Comisidén de la Comunidad
Andina.

En efecto, en diversas oportunidades ha sefialado el
Tribunal, que el examinador debera considerar las observaciones
(hoy oposiciones) presentadas por quien tenga interés legitimo,
entendido como tal, el tercero que pueda verse afectado por la
concesiéfn de una patente. Asl lo determindé expresamente el
Tribunal de Justicia de la Comunidad Andina en sentencia de
interpretacién prejudicial del 8 de mayo de 2002, Proceso 25-
IP-2002, sefialando:

“La figura de las observadiones constituye una eficar ayuda para ka autoridad
competents, porgue por medio de alla se eierce & deredho de oposicidn de
lerceros gue pueden verse afectados por la concesidn de una patente
que podriz viclentar derechos adguiridos o esiar en contra de Ia
normatividad vigente“. (Resaltado fixya def lexip).

Como podrid advertir su Despacho, en ninguna parte del
escrito de oposicién presentado ante su Despécho el 1° de julio
de 2003 y en el escrito de sustentacién presentado el 24 de
septiembre de 2003, las sociedades TECNOQUIMICAS S.A. vy
LABORATORIO FRANCO COLOMBIANO LAFRANCOL S.A. opositoras en el
asunto de la referencia, presentan las razones que justifican
su interés legitimo para ser consideradas por su Despacho como
afectadas directamente en su interés por 1la solicitud de
patente de mi representada. En el presente caso, las
opositoras no han dado cumplimiento al primer y Dbésico
requisito establecido en la norma citada para que su oposicidn
sea considerada como vilida en contra de la solicitud de mi
representada.

Por tanto, solicito a su Despacho dar por no cumplido el
requisito sefialadoc y de plano declarar sin fundamento 1la
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opoBicifén de TECNOQUIMICAS 8.A. y LABORATORIO FRANCO COLOMBIANO
LAFRANCOL 5.A.

V. FUNDAMENTO FACTICO DE LA OPOSICION

Con fundamento en la premisa seflalada en el punto
anterior, solicito a s8su Despacho no tomar en cuenta la
oposicién de la referencia para negar la solicitud de mi
representada. S5in embargo, me referiré a los argumentos de
fondo presentados por las opoaitoras para concluir que no son
aplicables a la solicitud de mi representada y que por tanto,
no constituyen fundamento védlido para sefialar que el invento de
que trata la solicitud de la referencia no cumple con los
requisitos establecidos en los articulos 14, 16 y 18 de 1la
Decisién 486 de la Comisitn de la Comunidad Andina. Lo
anterior por cuanto el sefialamiento que hacen las opositoras de
la falta de novedad y de nivel inventivo para el invento para
el cual pretende mi representada la concesi6n de la patente es
errado, carece de sustento factico y por tanto de sustento de
derecho para que prosperen en contra de la solicitud de mi
representada.

En efecto, en el escrito de oposicién sefiala el apoderado
de la opositora, que la solicitud de mi representada no cumple
con los requisitos de los articulos 14, 16 y 18 de la Decisibn
486, por cuanto:

5.1. Antes de 1la fecha de prioridad se conocfan 1los
inhibidores de <ciclooxigenasa-2, 8us propiedades vy
caracteristicas farmacocinéticas, la posibilidad de su
administracién por via oral, los rangos de ingrediente
activo en las formulaciones, las dosis unitarias, los
excipientes, los usos, y la incidencia directa del tamafio
de particula scbre los parametros farmacocinéticos de un
farmaco.
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5.2 La eventual biodisponibilidad mejorada de una composicién
de inhibidores de la COX-2 por obra de la presencia de
tal familia de principios activos en 1los tamafios de
particula revelados, corresponde simplemente a un
“fenSmeno que es conocido, que no se traduce en ningfin
avance sobre el estado de la técnica y que es el
resultado de un proceso rutinario de pre-formilacién,
consistente en realizar ensayos sobre disolucibn
empleando tamafios de particula diversos”.

5.3 El invento de la referencia carece de novedad y nivel
inventivo por cuanto en las patentes US 5,466,823, US
5,474,995 y US 5,633,272 ya se hacia clara mencién al uso
de compuestos fenil heterociclicos, como Celecoxib,
Rofecoxib b4 Valdecoxib, respectivamente, en el
tratamiento de la inflamacién y des6rdenes relacionados.

5.4. En las solicitudes internacionales W000/32189 y.
WO00/53149 se designan los mismos rangos de dosis de
Celecoxib, asi como los tamafios de particula preferidos
en la solicitud de la referencia, por lo que é&sta carece
de novedad y nivel inventivo.

En consecuencia, la opositora solicita a su Despacho
negar la concesidn del privilegio de patente solicitada por mi
representada.

Vl. RESPUESTA A LOS HECHOS Y ALEGATOS

A continuacién presento a su Despacho las razones gque
demuestran gue contrario a lo seflalado por el apoderado de las
sociedades opositoras, el invento para el cual se solicita la
proteccién a través de la concesiém de la patente en el
expediente de 1la referencia, cumple cabalmente con los
requieitos del articulo 14 y demis normas concordantes de la
Decisibén 486 de la Comisién de la Comunidad Andina.
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Ademis, los argumentos que aqul se presentan demuestran
que loe fundamentos de las opositoras carecen de fundamento
vdlido y por tanto, no pueden ni deben ser tomados en cuenta
para negar la patente solicitada.

En efecto, me referiré a cada una de las alegaciones que
en contra de la ©patentabilidad del invento titulado
COMPOSICIONES INHIBIDORAS DE CICLOOXIGENASA-2 QUE TIENE RAPIDO
ACCESO DE EFECTO TERAPEUTICO presentan las opositoras:

6.1. Ausencia de novedad y nivel inventivo:

Los opositores alegan que reducir el tamafio de particula
de un medicamento para lograr una mejor biodisponibilidad
no constituye nivel inventivoe. El argumento de los
opositores presupone, Bin embargo, que la reduccidn del
tamaflio de particula siempre resulta en una
biodisponibilidad mis alta. Esto no es asi. Por lo tanto,
este argumento contra la patentabilidad de la invencién
reivindicada se fundamenta en una premisa falsa y se le
debe dar poco mérito, por las siguientes razones:

6.1.1 La biodisponibilidad es el resultado de muchoes factores
ademfis de las tasas de disolucién, incluyendo absorcién,
extraccién hepltica, fraccién libre en plasma e incluso
pesc molecular. Al respecto solicito tener en cuenta los
siguientes articulos:

e Martinez & Amidon, *A mechanistic approach ¢to
understanding the factors affecting drug absorption: A
review of Fundamentals”, J. Clin. Pharmacol, 42, 620-
643, 2002 (Prueba 9.l1.) en pégina 620, pardgrafo que
hace el puente entre las columnas 1 y 2;

» Pang, “Modeling of intestinal drug absorption: Roles
of transporters and metabolic enzymes”, Drug Metab.
Disposit, 31, 1507-1519, 2003 (Prueba 9.2) en pégina
1507, renglén 1 a p&gina 1509, columna 1, renglén 16;
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e Kushida et al., “Improvement of dissolution and oral
absorption of ER-34122, A poorly water-soluble dual 5-
Lipoxygenase/Cyclooxygenase  inhibitor with  anti-
inflamatory activity by preparing solid dispersion”,
J. Pharm. Sci. 91, 258-266, 2002 (Prueba 9.3) en
pagina 261, columa 1, renglones 1-11 y Gréafica.

Asi, no se puede presumir que la reduccién del tamafio de
particula para lograr tasas de disolucién mis répidas
necesariamente incrementa la biodisponibilidad.

6.1.2 E1 efecto de la reduccibn del tamafio de particula sobre
la biodisponibilidad no Bse puede predecir con certeza
para ningGn medicamento particular. De hecho, hay
numerosos ejemplos, previos a la fecha de presentacién,
de medicamentos que tienen una solubilidad acuocsa baja
para las cuales la reduccidén del tamafio de la particula
no resulta en una mayor biodisponibilidad. Cito los
siguientes articulos:

e Richter & Terhaag, ®“The relative biocavailability and
pharmacokinetics of carbamazepine”, Int. J. Clin.
Pharmacol. 16, 377-79, 1978, (Prueba 9.4).

Richter & Terhaag encontraron que la biodisponibilidad de
dos preparaciones de carbamazepina (carbamazepina 1 y
carbamazepina 2) que tenian dos distribuciones diferentes
de tamafios de partfcula (véase la Figura 3) no era la que
ellos esperaban:

"Encontramos una blodisponibilidad de carbamarepina 1 mds bafa en cada uno
de fas 3 sujetns. Este resultado no pudo haber sido causado por inducridn del
metabolismo de carbamarepina porgue los experimentos se realizaron en un
astudio cruzado y no se camblaron fos bempos de vids media,

Pero la distribudidn de tamafios de partiads era diferente. La carbamareping 1
stlo tiene una pequella variacidn en los tamafios de particula, mientras que kb
aarbamareping 2 estd conformada por partiadas de didmetros muy diferentes.
Desde este punio de vista, uno podrla esperar gue la carbamazeping 1 se
disoMiera y absorbiera mds blen rdpido y mds completamente que b
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carbamazepina 2. Pero en & prictica encontramas un tempo de realsorcidn
mds largo en la carbarnazeping 2 y por lo tante una mayor blodisponibiidad,

A parlir de eslos hechas se debe conddr que hay olras propiedades
desconocidas de fos ofsEles de cvbamampine gque afedan &
blodisponibiidad.” (Pdgina 378, col 2, rengldn 14, 2 pdgina 379, col. 2,
rengldn 5.)

Shastri et al., *“Relationship among particle size
digtribution profile, plasma values and anthelmintic
efficacy of oxfendazole”, Am. J. Vet. Res. 41, 2095-
2101, diciembre de 1980, (Prueba 9.5). Se probd la
biodisponibilidad de tres suspensiones por lo demis
idénticas, cada una con un tamafio diferente de
particula de oxfendazol. De nuevo, la reduccién del
tamafio de particula no siempre aumenta la
biodisponibilidad:

*Las valores del dres en plasma indicaron que ke suspensidn C (dw = 12.0
mm) estivo sgnficalivamente (P < 0.05) menos biodisponible de o que
esino & suspansidn A (ow = 1.65 mm); no hubo ninguna diferencia
entre /a suspensién A y la suspensién B [3.2 mm].” (Pdginag 2095, col, 1,
primer pirrato. B resaltado es nuestro).

Kohno et al., “Pharmacokinetics and biocavailability of
Diltiazem (CRD-401) in Dog”, Drug Res. 27, 1424-28,
1977, (Prueba 9.6). Se midié la biodisponibilidad de
tres preparaciones diferentes de clorhidrato de
diltiazem que tenfan tres tamafios de particula
diferentes (cristal I, 400-500 mm; cristal II, 10-100
mm; y cristal en polvo I, 5-30 mm}, pdgina 1425, col.
1, pérrafo 2.1. y se concluyb:

“En el estiddio de biodisponibiiidad, una comparacidn de concentraciones de
plasma de diiiazem entre kas das oristales diferentes y &l povo micronizado no
Indicd ninguna diferencda en su biodisponibiiidad, cuando se
administraron en forma de cipsulas.

L.J

“Los valores de drea bajo la curve de bempo de cancentracidn en plasma
(ABC), nivel mdximo de plasma (Cpmax) y o bempo necesarip para sianzar
su pico (tmax) se resumieron en ko Tabla 3. Fn el aistal I ef nivel mddmo
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medio en plasma fue 16.2 +/- 3.7 mg/di, &f cusl.se alcenad 1 hora despuds de
&a administracidn. Este nivel pico fue comparable con e nivel abitenido despuds
de ks administracidn del aistal I, mientras que el nivel méidmo medio en

plasma para e cristal I en forma de polvo fue 17.6 +/- mg/d! y parecid ser un
poco mds aito que &l de iBs otras das formas de oristal. Sin embargo, no se
detectaron diferendas significativas en los niveles pico en plasma
antre /as treg formas de dosiffcacién probadas (p < 0.1). En cuanto a
Ia bliodisponibliidad, esias tres formas de dosificacidn de pruaba
prodijeron casi la misma drea bajo la anva de UHempo de
conceniracidn en plasma, por lo cml no se suglere una '
biodisponibilidad diferente del diitiarem entre esiss tres formas,
Esta observacidn se confirmd estadisticamente daspuds, mediante
anilisls de varianxza (p > 0.1)". (Resumen y pdrralo que une las paginas
1427 y 1428. H resafiado es nuesiro).

Publicaciones posteriores a 1la fecha de presentacién
demuestran la misma incertidumbre con respecto al tamafio
de particula y la biodisponibilidad. Véase por ejemplo en
Andr{¥sek, “Impact of physical properties of formulations
on bicavailability of active substance: current and novel
drugs with cyclosporine, Mol. Immunol. 39, 1061-65,
2003, (Prueba 9.7). Andryesek probdé la biocequivalencia de
varias formas de dosificacién orxal de ciclosporina.
Andrysek dice:

*Este estudio dinico mosird que las farmulacianes A y B cumplen los ariterios
de bivequivelencia en relacion con ks farmiudacidn C.

Por olra parts, la comparadidn del tamaflo efectivo de partindas creadas
despuds de la disgregacidn mostrd gue ks formulaciones A y B dan partioulas
apraximadamente 1000 veces mds grandes que b formuibdoidn C de referenda.

Estas concdlusiones son contrarias al concepto anterior en cuanto a

que mds pequefio as mejor.” (Pdgina 1063, columna 2, renglones 3-10. &
resaitado es nuestro).

M&s alin, como lo ensefla la presente especificacién, los
efectos de la reduccién del tamafio de particula desde el
rango de microparticula hasta el rango de nanoparticula
generalmente son impredecibles en un medicamento o clase
particular de medicamentos. Ford et al., “Nancspheres of
cyclosporin A: poor oral absorption in dogs”, Intl. J.
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Pharmaceutics 183, 3-6, 1999, (Prueba 9.8), compararon la
biodisponibilidad relativa de nanocesferas de ciclosporina
A (CYA) pura (es decir, "gque sdb comprenden e/ medicamento mismo”,
p.3) con la de una formulacién de microemulsién. Ford et
al. encontraron que la biodisponibilidad relativa de CYA
en las nanoesferas "era sdb def 3% en comparacian con ef drea bajo la curva de
tiempo de concentracidn en plasma®, (resumen). Ford et al. concluyen
que la ciclosporina se puede formar facilmente en
nanoparticulas, “/slin embargo, la capacidad de este sisterna para faclitar fa

absorddn oral de CYA en perros fue pobre en comparacidn con una foarmuladion de
microemuisidn de absorcidn eficent=®, (p4gina 6, Gltimo pérrafo).

Ciertamente, incluso dentro del rango de nanoparticula
puede haber resultados inesperados. Por ejemplo, 1la
presente especificacién ensefla que las particulas de
celecoxib en el rango de 500-900 nm son equivalentes o
cagi equivalentes en Tmax, Cmax y ABC a particulas mis
pequeflas del rango 200-400 nm. Véase la Tabla 2 de la
egpecificacién, en la pdgina 47.

Andrysek (Prueba 9.7) no encontrd ninguna relacién entre
el tamafio de la particula y la biodigponibilidad de 1la
ciclosporina en el rango de las nancoparticulas:

"Mientras (antp, se realizaron experimentos biofarmacdutivas [sic] enfocados a
ia comaladidn que hay entre i distribucién del tamafio de las particulas y &
biodisponibifidad en perros. Estos experimentos mostraron que B misma
biodisponibifidad mejorada se puede lograr con sitemas que dan una
distribucidn die tBmaflo de partioula cas en of rango del submicrdn. En
consecuandia, no se observd una correlacikin antre la distribucidn del
tamafio de particula con respecto al peso molecular de agragaddn y
fn blodisponibliidad cuando se evalusron sistemas microdispersos
modeio con tamafio de particuia de 141nm (309 y 1001nm)". (Pdrafo
entre ks pdginas 1063 y 1064, referendias intermas omitidas. E resalado es
nuesiro).

Las enseflanzas de cada una de estas referencias son
directamente contrarias a lo que alega el opositor en
_cuani:o a lo que se esperaria si se redujera el tamafio de
la particula del medicamento. Es claro, tal como lo
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prueban las ensefianzas de estas referencias, que uno no
puede presumir que la reduccién del tamafio de particula
del medicamento resultard en un mayor biodisponibilidad.

Los hechos anteriormente mencionados, 1los cualea se
encuentran debidamente probados, permiten concluir que
los documentos citados como fundamento de la oposicién,
esto es las solicitudes US 5,466,823, US 5,474,995 y US
5.633,272, no afectan los requisitos de novedad y nivel

inventivo de la solicitud de patente que se tramita en el
expediente de la referencia.

Los opositores también citan dos documentos que afectan
la patentabilidad de 1la invencién reivindicada: WO
00/53149 y WO 00/32189:

WO _00/53149: La revelacién de WO 00/53149 no es relevante
para la patentabilidad de la invencién reivindicada. En
Colombia no se present§ un equivalente a WO 00/53149, por
lo que la fecha efectiva de WO 00/53149 como referencia
es su fecha de publicacifén, 14 de septiembre de 2000.
Esta fecha es mis de 9 meses posterior a la fecha de la
prioridad de la presente solicitud, que ee 9 de diciembre
de 1999.

Ahora bien, s8i la revelacién de WO 00/53149, se adujera
como estado previco de la técnica, no convierte 1la
invencién reivindicada en una invencién carente de nivel
inventivo. WO 00/53149 revela composiciones alimenticias
que contienen inhibidores de ciclooxigenasa-2 (v.qg.,
alimentos para perros y gatos). WO 00/53149 contiene la
siguiente ensefianza sobre la molienda del celecoxib en
particulas:

“Mollenda: & Cefecodl fe malido con un molino de barra de impacto con
discas contranolathvos. A welocidades de molino entre unas 9060rpm [/
S600rpm y unas 11200rm / 5500mpm (rpm rolatorias/ipm conltrarmoiatorias)
e tamafio de fa particula cambid dentro de rangos relatimmente estrechos
(por ko menas 90% de ks particulas eran de 30 micrones o menos) suginiendo
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que la weloddad del molino no es estrechamente ciica para el proceso de
micronizacidn del medicamento a granel”. (Pdgina 5%, renglones 12-17).

Por lo tanto, nada de lo que dice este pasaje ensefia o
sugiere tamafioa de particula del celecoxib del rango
descrito de unos 100nm a unos 900nm.

WO 00/32189: Este documento tampoco es relevante para la
patentabilidad de 1la invenci6n reivindicada y no hay
ninguna revelacién de celecoxib particulado (o algfin otro
inhibidor COX-2 selectivo} en el rango descrito de unos
100nm a unos 900nm.

En efecto, para temas diferentes a la novedad, la fecha
efectiva de WO 00/32189 como referencia es su fecha de
publicacién, 8 de junio de 2000. Esta fecha es seip meses
posterior a la fecha de prioridad de la solicitud de la
referencia, que ea 9 de diciembre de 1999. Por lo tanto,
WO 00/32189 no constituye estado previo de la técnica
para esta solicitud para efectos de determinar el nivel
inventivo.

Ahoré bien, si la revelacién de WO 00/32189, se adujera
como estado previo de la técnica, no convierte la
invencién reivindicada en una invenciém carente de nivel
inventivo. En contraste con las mnanoparticulas descritas
en las reivindicaciones pendientes, el grueso de la
revelacién de WO 00/32189 se dirige a las microparticulas
del celecoxib:

"En consecuendia, & tamalfo de particula D90 del celecaxid es preferiblemente
de menos de unos 200mm, todavia mids preferiblernente de menos de unas
5mm, aun mds prefenblemente de menos de unos 40mm y muy
preferiblerente de menos de unas 25mm... Ademids o alternativamente, &/
calecoxid tiene preferiblemnente un tamaffo promedio de particula dentro del
rango de unos 1mm a unas 10mm y mds preferiblernente de unos 5mm y uncs
Zmm”. (Pdgina 30, renglones 11-18).

Por lo tanto, WO 00/32189 no contiene una ensefianza ni
sugiere que se reduzca el tamafio de particula al rango de
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la nanoparticula, es decir, al rango entre uncs 100nm a
unos 900nm, como se describe en la reivindicacién 1.

Las sociedades opositoras no han citado ningn otro
documento que contenga dichas ensefianzas. Ciertamente,
88lo la especificacién presente proporciona un vinculo
entre el tamafio de la partfcula y la biodisponibilidad de
los medicamentos inhibitorios de 1la ciclooxigenasa-2.
Dado el efecto impredecible de la reduccién del tamafic de
particula sobre la biodisponibilidad, no se puede inferir
tal vinculo.

Tal como lo seflala el apoderado de 1las sociedades
opositoras, cada solicitud de patente deber ser examinada
por separado. Dado este efecto impredecible &sobre la
biodisponibilidad de la reduccién del tamafio de particula
del medicamento demostrada por las referencias arriba
analizadas, las preparaciones reivindicadas, asi como los
métocdos de uso de las preparaciones, tienen nivel
inventivo.

Por lo anterior y teniendo en cuenta el concepto de los
términos novedad y nivel inventivo que establece la
Decisién 486 de la Comunidad Andina, como requisito de
patentabilidad, se debe peflalar gque las publicaciones
WO00/53149 y WO000/32189 no pueden ser tenidas en cuenta
como anterioridades que afecten 1la novedad de 1la
invencién en estudio, pues su publicacién ocurrié el 14
de septiembre de 2000 y el 8 de junio de 2000,
respectivamente, esto es en fechas posteriores a la fecha
de la solicitud de la cual se invoca prioridad en esate
asunto (9 de diciembre de 1999).

En consecuencia, las publicaciones WO00/53149 y
W000/32189 no afectan la novedad del invento de que trata
este asunto. Por tanto, se concluye que contrario a lo
afirmado por la opositora, la presente invencién si es

19
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novedosa de acuerdo con lo previsto en el articulo 16 de
la Decisién 486 de la Comisién de la Comunidad Andina.

De otro lado, en cuanto al nivel inventivo la Decisién
486 en su articulo 18 establece que “Se caonsiderard que
una invencién tiene nivel inventivo, si para una persona
del oficio normalmente versada en la materia técnica
corregpondiente, esa invencidén no hubiese resultado obvia
ni se hubiese derivado de manera evidente del estado de
la técnica”.

Como lo establece el articulo 16 de la Decisién 486, el
estado de la técnica es todo aquello que haya sido
accesible al pidblico por una descripcifén escrita u oral,
utilizacién, comercializacién o cualquier otro medio
antes de la fecha de presentacifn de la solicitud de
patente o, en su caso, de la prioridad reconocida.

Ante lo anterior resulta claro que los documentos
WO00/32189 y WO00/53149 que se aducen en contra de la
patente de mi representada no habian sido publicados al
momento de presentar la solicitud estadounidense
60/169.856, de la cual Be reivindicé prioridad en este
asunto.

De esta manera, se concluye que contrario a lo sefialado
por las sociedades opositoras 1la presente invencién
también cumple con el requisito de patentabilidad en
cuanto tiene nivel inventivo de acuerdo c¢on 1lo
eastablecido en el articulo 18 de la Decisién 486 de la
Comisién de la Comunidad Andina.

Por lo anterior, y tal como quedd demostrado, el cargo
realizado en cuanto a la ausencia de novedad y nivel
inventivo de la invencién solicitada en patente por mi
representada, carece totalmente de fundamento y por
tanto, solicito a ese Despacho asi declararlo.
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6§.2. Ausencia de claridad de las reivindicaciones:

Los opositores alegan que las reivindicaciones 1-12 y 16-
18 carecen de especificidad. Para ello mi répresentada
ha eliminado las reivindicaciones 2, 3, 8-11 y 18 y se
han modificado las reivindicaciones 1, 4, 6, 12, 13, 16 y
17.

La reivindicacién 1 ha sido modificada para que comprenda
la f6rmula de la reivindicacién 11 ahora eliminada. La
relvindicacién 1 modificada es especifica porque describe
una fS6rmula con sustituyentese particulares y definidos.

En cuanto a 1la ausencia de especificidad de 1las
reivindicaciones, que alega el opositor, por considerar
que no describen otros componentes de la composicién
reivindicada o sus porcentajes, seflalo que las
reivindicaciones se dirigen a una composicién
farmacéutica que comprende el agente terapéutico indicado
(es decir, un inhibidor de ciclooxigenasa-2 selectivo que
tiene la f&6rmula descrita) que tiene un tamafio de
particula del rango descrito. Puesto que la invencién
radica en el agente terapéutico descrito y su tamafio de
particula, el solicitante tiene derecho a reivindicar
todas las compoeiciones farmacéuticas que contengan el
ingrediente descrito. Si se obligara al solicitante a que
especificara ingredientes adicionales y Bsus porcentajes
se limitaria indebidamente la protecci6tn a la cual el
solicitante tiene derecho.

Mis alin, una persona versada reconoceria inmediatamente
que dichase composiciones pueden incluir uno o© mas
exciplentes farmacéuticamente aceptables y unoc o més
agentes terapéuticos adicionales. Véase la pagina 13 de
la traduccién al espaficl del resumen de la invencién,
parrafo 3. Asi, una persona versada no encontraria gque
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las reivindicaciones carecen de especificidad porque no
especifican ingredientes (opcionales) adicionales.

En consecuencia, quedan desvirtuadas las afirmaciones de
la opositora en contra de la patentabilidad del invento
para el cual solicita la proteccién mi representada.

VIl. MODIFICACION DE LA SOLICITUD

Tal como lo indiqué en el capitulo anterior, junto con
este escrito presento Formulario de Modificaciones y
Correcciones, con nuevoc capitulo reivindicatorio el cual
solicito sea tenido en cuenta por ese Despacho.

VIll. PETICIONES

Con fundamento en lo anterior solicito a ese Despacho lo
siguiente:

8.1. Declarar infundada la oposicién presentada por
TECNOQUIMICAS S.A. y LABORATORIO FRANCO COLOMBIANO
LAFRANCOL S.A.

8.2. Declarar que el invento titulado "COMPOSICIONES
INHIBIDORAS DE CICLOOXIGENASA-2 QUE TIENE RAPIDO ACCESO
DE EFECTO TERAPEDTICO* para el cual mi representada
solicita el otorgamiento de 1la patente de invencién
cumple con los requisitos del articulo 14 y concordantes
de la Decisién 486 de la Comieién de la Comunidad Andina.

8.3. Conceder la patente para el invento “COMPOSICIONES
INHIBIDORAS DE CICLOOXIGENASA-2 QUE TIENE RAPIDO ACCESO
DE EFECTO TERAPEUTICO®™ a nombre de mi representada
PHARMACIA CORPORATION.
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IX. PRUEBAS

Atentamente solicito a ese Despacho se girva tener como

prueba a favor de mi representada las siguientes:

9.1.

Martinez & Amidon, “A mechanistic approach to
understanding the factors affecting drug absorption: A
review of Fundamentals”, J. Clin. Pharmacol. 42, 620-43,
2002,

Pang, “Modeling of intestinal drug absorption: Roles of
trangporters and metabolic enzymes”, Drug Metab.
Disposit. 31, 1507-19, 2003.

Kushida et al., “Improvement of dissolution and oral
absorption of ER-34122, A poorly water-soluble dual 5-
Lipoxygenase/Cyclooxygenase inhibitor with anti-
inflamatory activity by preparing solid dispersion”, J.
Pharm. Sci. 91, 258-66, 2002,

Richter & Terhaag, "The relative bioavailability and
pharmacokinetics of carbamazepine”, Int. J. Clin.
Pharmacol. 16, 377-79, 1978.

Shastri et al., “Relationship among particle size
distribution profile, plasma values and anthelmintic
efficacy of oxfendagole”, Am. J. Vet. Res. 41, 2095-2101,
diciembre de 1580,

Kohno et al., *“Pharmacokinetics and biocavailability of
Diltiazem (CRD-401) in Dog”, Drug Res. 27, 1424-28, 1977

Andr{yeek, “Impact of physical properties of formulations
on biocavailability of active substance: current and novel
drugs with cyclosporine”, Mol. Immunol. 39, 1061-65, 2003
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9.8 Ford et al., “Nanospheres of cyclosporin A: poor oral
absorption in dogs®, Intl. J. Pharmaceutics 183, 3-6,
1999,

9.9. Todos y cada uno de los documentos que obran en el
expediente y que reposan en los archivos del Despacho a
su cargo.

X. ANEXOS
Anexos a este escrito los siguientes documentos:

10.1. Los documentos enunciadose en loa numerales 9.1. a 9.8.
del acdpite de pruebas.

10.2. Formulario de Modificaciones y Correcciones con el cual
se presenta nuevo capitulo reivindicatorio y el recibo de
pago por concepto de 1la tasa correspondiente para
modificaciones.

Xl. NOTIFICACIONES
Mi representada y yo recibiremos notificaciones en 1la

Secretaria de su Despacho o en mi oficina de abogado ubicada en
la Carrera 4" No. 72-35 de estd ciudad de Bogoté, D.C.

<0,
" EMILIO FERRERO
T.P.A. No. 31.929

Sefiora Jefe,

COLO 12482-234-001-2
COLO 12482-801-002-3
JGG / ID.88



. IO Descripcién de la correccléon o modificacién solicitada:
—_ .

CAVELIER ABOGADOS - COLO 12482-234-001-2 [ COLO g

§

lndustria y Comercio Espacio reservado pama el adhasivo de mdlcadz
SUPERINTENDENCIA b{\/
FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES
| 2000-10
o SOLICITUD DE:
L] Comreccién de Error Material B¢l Modificacién a una solicitud
' Nombre: PHARMACIA IDENTIFICACION
CORPORATION
socledad constitulda y existente bajo las layes
SOLICITANTE _ f\:lmé E;t!ada de Delaware, Estados Unidos de| = C.C. D NIT D
C.E. D Otro D
Direcclén: gi“;'oﬂlg?wd'
okie, ] s .
Estadoa Unidos de América Numero:
Teléfono: 546 09 70 )
E-mail: clientes@camyp.com
Fax; 2494070
Domicilio: Skokie, linois, Estados
T Unidog de América
IDENTIFICACION
@ ) Nombre: Emilio FERRERO
REPRESENTANTE Direccion: Carrera 4* No. 72-35 Cc.C. E NIT D
Teléfono: 347 36 11
APODERADO E-mail: cavelier@cavelier.com CE. D Otro D
Fax: 217 82 11
Domicillo: Bogota, Colombia Namero: _438.018 TP__ 31,929

Nimero de expediente: 00.093.233 Clase: _CO07C 143/080

Titulo del Invento: COMPOSICIONES INHIBIDORAS DE CICLOOXIGENASA-2 QUE TIENE RAPIDO
ACCESO DE EFECTO TERAPEUTICO

De conformidad con lo previsto en el articulo 43 de la Decisién 486 de la Comision de la Comunica Andina,
presento pueyo capitulo relvindicatorlo, el cual solicito sea tenido en cuenta.

Q Comprobante de pago No. _04 — 21,254 Fecha __15 de marzo de 2004

O Anexos:

E Comprobante de pago de |a tasa por $ 87.000.00

D Poderes, si fuere el caso

E:I Certificado de existencia y representacion legal, cuando el solicitante sea persona juridica

O NOMB.RE: EMILIO FERRERO | i | FIRMA:é’-a—.- C‘;ﬁ-ﬂl——-—:’

C.C. 438.019de Usaquén T.P. 31.929

JGG/1D.89
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REIVINDICACIONES

Una composicién farmacfutica que comprende una © mis
unidades de dosis suministrables oralmente, cada una de
las cuales comprende, en una cantidad terapéuticamente
efectiva, una droga selectiva inhibitoria de

ciclooxigenasa-2 f6rmula (VI):

R,

en la cual R3 es un grupo metilo o amino,

en la cual R4 es hidrégeno o un grupo Cl-4 alquilo o
alkoxi

en la cual X es NO o CR5 donde R5 es hidrSgeno o
halégeno, y

en la cual Y y 2 son independientemente &tomos de carbono
o nitrégeno que definen Atomos adyacentes de un anillo de
cinco a seis miembros que es no sustituido o sustituido
en una © mis posiciones con grupos oxlo, halo, metilo o
halometilo, donde la droga est8 presente en particulas
s86lidas con un tamaflo de particula D90 de alrededor de
100nm hasta alrededor de 900nm y donde el tamafio de
particula es suficiente para suministrar un Cmax més alto

y/o un Tmax sustancialmente mis corto en comparacién con

{1
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REIVINDICACIONES

Una composicién farmacéutica que comprende una o més
unidades de dosis suministrables oralmente, cada una de
las -cuales comprende, en una cantidad terapéuticamente
efectiva, una droga selectiva inhibitoria de

ciclooxigenasa-2 f£6rmula (VI):

Y\z
0]
) S
RJ/ S\\O I

en la cual R3 es un grupo metilo o amino,

en la cual R4 es hidrSgeno o un grupo Cl-4 alquilo o
alkoxi

en la cual X es NO o CR5 donde R5 es hidr6geno o
halégeno, y

en la cual Y y 2 son independientemente &tomos de carbonc
o nitrégeno que definen dtomos adyacentes de un anillo de
cinco a seis miembros que es no sustituido o sustituido
en una o mids posiciones con grupos ox.o, halo, metilo o
halometilo, donde la droga esti presente en particulas
86lidas con un tamafio de partfcula D90 de alrededor de
100nm hasta alrededor de 900nm y donde el tamafio de
particula es suficiente para suministrar un Cmax mds alto

y/o un Tmax sustancialmente méis corto en comparacién con

Ly



otras composiciones similares en donde BustancialmenteA

todas las particulas son mayores que lmm.

La composicién de-la Reivindicacién 1, donde las unidades
de doeis estin en la forma de articulos sélidos

discretos.

La composicién de la Reivindicacién 2, donde los

articulos sb6lidos son tabletas © céapsulas.

La composicién de la Reivindicacién 1 que estd en la
forma de una masa fluible sustancialmente homogénea desde
la cual las unidades de dosis son removibles de manera

medible.

La composicién de la Reivindicacién 4, donde la masa
fluible sustancialmente homogénea es una suspensidn

liquida.

La composicién de la Reivindicacién 1, donde el anillo
con 5 a 6 miembros es seleccionado a partir del grupo que
consiste de <ciclopentanocna, furanona, metilpirazol,
isoxazol y anillos de piridina sustituidos s6lo en una

posiciébn.

La composicién de cualquiera de las Reivindicaciones 1 o
2-5,_ donde la droga inhibitoria selectiva de
ciclooxigenasa-2 es seleccionada a partir de un grupo que
consiste de celecoxib, deracoxib, valdecoxib, rofecoxib,

5-5«cloro-3~-(4-metilsulfonil) fenil-2-(2-metil-5-



10.

11.

AZ6

pirinidil) piridina, 2-(3,5-difluorofenil)-3-[4-
metilsulfonil)fenil] -2-ciclopenten -l-ona y (8)-6,8-
dicloro-2- (trifluorometil) -2H-1-benzopiran-3-acido

carboxilico.

La composicifn de la Reivindicacién 7, donde la droga

inhibitoria selectiva de ciclooxigenasa-2 es celecoxib.

La composicién de la Reivindicacién 8 que comprende cerca
de 10mg hasta cerca de 1000mg de celecoxib en cada unidad

de dosis.

Un método para tratar una condicién o desorden médico en
un sujeto al que se le indica tratamiento con wun
inhibidor de ciclooxigenasa-2, el cual comprende
administracién de una o mis unidades de dosis de una
composicién de cualquiera de las Reivindicaciones 1, 2-5

o 6-9 de una a aproximadamente seis veces al dia.

El método de la Reivindicacién 10 en donde la condicién

médica es dolor agudo.

WPC12482-90

AU
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. Oral Drug Abssrplicn

“The sbecrption of drogs via the orsl rouss s & miject of ioleese snd

. contimons investigation fa the pharmaceutical indnsiry since good
bioavailebility froplies that tho dug is shio to ronch the systemia
dircolation by mouth. Ocal dry sheorption bs affucted by both drog
propaties snd the physiclogy of the gastrolnbestinel tract (GIT'), ar
putient propertiss, incinding drog dissclution from the domge fors,
the munner in which drog inteeacts with the aquoons envirooment snd
membeane, parmaoation across monbrane, sl irreversible removal by
ficst-pass orgens such ag the fotestine, tiver, snd g (Martines and
Amidam, 2007). The poposs of this minkroviow is to kighlight the
Jocesscs governing drog bioevallshilily when the dug bs elready in

_Mﬂwhﬁd“—lm-ﬂ_w
tabolisn an oral blogvailability. The dasoription of pliyxicsl models
fix drog disscintion on dmg shearption (Higncdd, 1967) ar hepatio
modeling (Pang sad Chibe, 1994; Peng et oL, 1998; Abo-Zahre and
Peng, 2000), however, is beyond the soope of this work.

Tho intesting, in addition to the fiver, is s tmporiant tesus that
voguisios the extent of shearption of arlly sdminisierad drogs, sloos
tho kuiestine and Ever sre inovolved in fint-pasy reenoval ((fbald] et
al, 1971; Rowisad, 1977). The emjoriiy of drug shearption cocars st
the mnafl intestins becatws of the largs surface arcs sinte the presence
of vili and miorovili incroases the sbeorpiive area manybld The
Saodenam sd jojutom possoss the gresinst exrfice erees due o the
highest oonsentration of villl sod microvitH in these Tagions, and
suxfisce ares is Jeast for the ews (Mages snd Dalley, 1986).

‘The circulation of the intestine is unigue in that the inteatiog Iy the
snitrior er portel tesue that regnistes the fow of mibstrains 10 e
Hver, The intestinal venoas blood odoatiiutes the majority of the blood
mpply 0 the liver, sccounting i T5% of total Bver biood flow. For
drogs that sro highly clesred by the inizeting, the souiribetion of the

This work was supporied by the Carsdinn niituts for Health Rasasvoh, Gt
MOPOMET end MOP 17790 .

T Abbyevinfions umed sex OIT, gesbrointagiinl frast; USAL, walired waler
Inyer; P, P-ghyenproteln; MOR1, nulikhug maliiees gane product 1: MAPZ,
Fniihuy neistence-sseccisineg prefein 2; BCAP, hressl amnosr wmalsiencs p-
i CAT, compartmantal sbsovption s Sanell; AGKY, stvarced CATS satl,
. anowboxyio avkd trensparier 1; Oeip3, orginio ankn-teraporiing polypep-
i % UG, UDP-glussonotyisarairasy: PUT, sulbirarainmas; QOY, glulsits-
ons S-aaralaragy; MAT, masn melderes Sme PSSO, oyioolvoma PESE Th,
fcikiorsl wodel; SR, segegeind fiow modst: STM, sagrntal, frcitionsl
modef; S9FM, sagrnantal sagragaied fiow model.

Adkiross comrespondenos ez Dr. K. 8. Pang. Facully of Phanmagy, Unlvmlly
of Toloein, 19 Fusest Girest, Toronin, Onviein Canace MBS 0L G-l
o pang@uixoria.cn .

Bver or lmag ©© drug msiabolism will beoome reduced, whoress for
druge thal we pocxly axtracted by the issceting, the sobstraie & able o
vench the next drgans, the liver snd the hung, for remowal (Gogler ot
al, 1975; Xu ot al, 1909; Hicmyama ot ol, 1990). The concentration
of &g entering fho inlestine (o of al, 1985; Hiraysms and Pung,
1990) and the inteetinal flow rete (Chion wod Pang, 1997) elter the tate
of drog defivery mnd affect the degros of satneability of fatestinel
aomymas, Thees ulfimutely affisct tho mtos of infestinal snd hepatic
ficat-pass metsbollen, Addtiopally, varlshiss such as other droge or
food tat slier the translt timey within the gastrolniestinal tract fierther
modulsts the sheorption of substreies by the jntostine (Welling, 1984;
Kimen snd Higald, 2007). .

Drag Properties
Many efftaty exist to inteorelete the physicochenical propextics of

o dmg with sheorption. The drmg, whether s waak acld era wosk -

tuse, end lin pK, determine the cxtent of imizsticn sooonding fo the
1 petition kypothesls at varions pi velues (pH 1.3 for stamach and
6 for Inteatine)) of the gastrolntestinel traot (Foghen ot al., 1957, 1959;
Schasker et al, 1957a,3). Deviations from the pwedictiots wero found,
and these bad been explained by the peence of an unsthmed water
Txyer (USWL) (Sualkd ot al, 1970a.}), or 8 micyoefimato i (Winne,
1977). The conoept of shecrption potential wag then uifised to do-
saxibe drag sbeorbebiiity hased an the partition coafficlent, the solo-
bitiy, doses, and fraction un-losiesd (Drosman ot al., 1945; Macharss
end Symiilides, 1989; Yo et al, 1996). Drags thet ere un-lonkzed or
thet undergo krydrogen bonding exhibit & mmch grester Hpophilicity
toward mamivens permestion ten thelr lonio comserparts. Too mmny
hrpdrogea donor or socoptor growps, howover, Is aot good (Lipinek et
al, 1997). Lipoghilicky, & mujor doterminact fix pradioting the extent
of mamivans pormention, s afion correlsted with the partition ooef-
flolagt, when sgueons solubility s not excesded et when the un-
stirred wairr leyer is not m impoting berrler (Ungell et a1, 1998). For
wery Bpophilic agonis, sheaption may be mio-Emited by fhe fnshikty
of drag taversing the USWL. For very hydrophilis or poler agents,
the comrversy is troe, sadh that meniteane Tosistanse fr higher then the
aqueons Inyer secistange. However, whan drags possess both hydro-
phitic and Roophilic qualition and permeste the USWL sad mamiwsne
wall, bilood patfhion wte byoanes e averll cato-fimiting step tor
sheorption. Predictive modols based on Lipisekd's Rule-of Five (Lip-
Ineii et al, 1997), the qoantitslive stractore-blowvallability mistion-
ship {(Andsows ot L, 2000), or other qruatitative strockwo-ectivity
relationship models (Norinder ot &1, 1999; Zhao of al, 2001, 2002;
Kiopmm et al, 200Z) beve boen dowiloped o foreomst o divg
pumastion poteniists, The Ruls of Five predicts that cral svllsbity
will be pocr when thers ire more than 3 H-bond donors, 10 H-band
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scocptors, fhe logP value is grester than S, wd the molecular waight
excocds 500 (Lipineki <t ol,, 1997).

Deug parmeation across the intestinal membrtie s describod by the
mmmr,«n-m:udh-af
ocanpound per wnit sres (Eftiott of ol, 1980; Amidon ot ol, 193); Ho
ot al, 1983; Fagorhobm ot al, 1996). The coefficiant P may be
estimated foen huminal perfosion studies by messorement of drug loss
scros the lumen of may given segment, where C, o, 0 G,
wre tho concestrationy of dmg lseving and wntering the Tunan, respeo-
uwmum:-umuq_.hum
determined fomine] flow Tete.

i) o

Since chenges in watar content In the Tomen ocour for theso stodies,
the change in water volume may be carmected for by the facinsion of

The Intesting, a Drag Moetabolixiay and Excretion Timuo
The intestine is noted for ity absorptive fmetion becswmse of the
presence of villi and micyovilli and transporters for organic anions and
eations (Pl et al, 1994; Sadeo ot al, 1995; TovHl and Temal, 1996
Arbmndlhhno.l%ﬁnﬂb&dﬂ..lmmlsu.h

2001; Wacher et al, 2001; Abxahem e oL, 2002); digondn (Cavet et
al, 1996; Groiner ot al., 1999); indinavir, the Jxanen hromunodel-

?

2002 end

Fr. 1. Schemsiic Sugram of the snicrogis of the intevtins showing slemwpiive
and ¢ftex sumparan & e spical and besslaterel menbrons, snd sy
Jir ntracellsler wetslolins.

Gastrie Emplying and Intestina] Motility

clenqy vires protesse fohibitor (Hochman et al,, 2000, 2001; Li et ol,

{ommoraperemive agants cyclosporin (Gan ot sl, 1996
Lown eof ak, 19970), tecrofimme (Lampen ot al, 1995; Baskimotn ot
oL, 1998; Hashida e ol, 2001), and slrolinme (Lempen ot sl, 1998;
Paino et o, 2007).

Tho mate of gastrio amptying strongly intpacts the rate snd extent of

TABLR 1

inkeatinal drog metsboliam end deug sbheorption, Verloss disotse con-
ditions md fhod ixteke affect somach anptying snd/or Intestinal
tranalt (Welling, 1984). Double pesk sheorption has been oorrelssed
with aniral gustrio motlity (Oberle and Amiden, 1987; Pinsgeelleo et
al, 1987; Soule at al, 1992; Langguth et ol, 1994; Lipks ot ol 1995;
. Sutfle snd Brouwer, 1995; Wang of al, 1999; Tekamstwu ct ol 2002;

Kinwen aod Higaki, 2002; Yin ct ol, 2003) as well en other factors
incloding the pressnce of adjuvanis (Bat et al, 2002) or bilo mlis
(Lceoomils snd Regandh, 1993). The deta showing double pesics
mmmuw-ummw
sorption model (Witcher snd Boudinot, 1996). Inovitably, a delay In
stomach enplying redoces the rete of dmy sbearpiion sinos the reto of
delivery to the eits of sbearption, the mnell iutesting, I» prolonged
(Tuble I). With yegard to gasiric exiplying, drogs may be classified s

dalyad guztric supiping sl gfict of ssislolinn aud sporetion au
o dag slewptn

Rais of

Tkt of

———r—

= = § =




INTEBTINAL DRLUG TRANSPORT AND METABOLISM

il

TANLE 2
Devolvateni of intcxties! Srocsporters for drog clorpiicn (s aiso refarence sontchusd b Tegfl and Tmad, 1956
Trxnaparter Y Bubtrate Ralwsacs
uhet or Bat Thmsochaiarn Schmebder & ul 199%; Craddock ot sl 19598
Teml soddom-dependent bile achd
tnsportar
Pept] Baminc bciarm Fol et =1, 1994
Oligopeptics trensporter | sntiiction (qroiacifiin, capbalcocin, aoptxadinn).
iphitiocs (bensapxfl,
cinagxi¥), besipfin, taiy kobdbitors
ictl Lacsats sl pyeovase waospeet (elepho syl mxd
- Mismocxricxytic acid kosportor 1 alkyl ankd) .
Ontpd Tixxocholes, cstronn seify ‘Waitens cof 1l 2000
[mbestion] orpamic mixw: eoapcating -
polypeptide 3
NrTl Foxtmywin, Roscxmet T aod Tanal, 1509
Sodb-depeasient phosghate
taporer 1
OoCcTi Sperardan, pporskdine
Orgacic cation treoeportey |
Polin acid trangporkr Mothotrrzsta
ONT Zxiowodins, mrvadios, Urymoidfine, ribevicin,
Nociaoside tacsporters N1 (perinon)
axd N2 (pyrimicion)
Ambas asid carsier D md L-hdelhioninn, }metyidops, baciofim,
MDR] o Pap Desxxwycis, thodemios 123, vorspemi],
Muitiineg noxistenoe xoosis 1 or M- i, oodohiolon, digaxis, qeinkdon,
hyooprotein viscrimine, stoposide S-blockers (satelol,
pafoninl, cellgoind, wadicl)
CGasethicns corjugaies, Jiomewnicds conjogetes, Gutet ot of | 2002, Mottics = 41, 2000
Topoloamn, miloxantronn, mttxacyoines Dayls et i, 1998; Zasnbor of 2, 22X
Becast cancwr mulstencn protcie -
Mrp}

Rost a 1l, 2002

1) acid-tahils compoonda, 1) relatively menlubis compomnds, 3) drugs
with good water amd Hpid sokbility, and 4) droge abworbed by
omrriera. For tho acid-labdle dogs sach s peciclllin snd amplallling o
greator degradation cocrs with prolongation of stay bn e stomach,
rinishing the ssctert of absorption (Tery et al, 19%1; AY, 1915). By
oontrest, incressing the treosit times of relativaly insclohles compoonds
in the stomach Srvors drog dEsalotion and improves the et of the
abscrption of griscofulvin and phenytoin (Aoymgl o al, 1984;
Hemaguchi ot al, 1993), whereas oo change bn oxteat existe for well
sbacarbed droga woch as scetaminophen xnd fadeoeple, occpoends of
sound watar and lipid sciohility (Tercy et al., 1982; Chol ot al, 1993).
For drugs whose tanspart into the intrstine bs via spical treosporters,
however, it s covizsaged that the redooced intermitient releeso of drog
flom the stomach to the intestins brings shoot & dosstoration of the
trezspocter gystem, rendering o increase in the extect of drug shexp-
ticn (Tabls 1).

Mintheds te Stndy Intestheal Transpert asd Mataboien

Becanse of the signifiomcs of the intostine =s n mportant fitst-
pam orpac, biph-érroughpat in vitro gystcans have bean doveloped 10
ey tho {oeportance of mtcstimal shearption, motabolilem, end ex-
crotion. for the prodiction of drug-drog meractions. Gens expressinn
systrans (Semit ot al, 1998k Cvetkovic o al, 1999; Gotoh ¢ al, 2000;
Shitara ot al, 2007} provids diroct tnfirmation oo the invalvanent of
individosl trenmportes or socxymes. Then there o the indestinel
manhrane scgments/preparations (Wilson sod Tresnor, 1975; Hopfor
et al, 1975 Lesker and Rickart, 1978; Jolneon et al, 2001), colls
(Koster sod Noordhock, 1983; Trber at al, 1991), overted sace
(Monck, 1965; Bar snd Riagolmun, 1970; Kaplan snd Collar, 1972),
and the Usaing chamber (Fiddisn-CGrom md Sikm, 1975; Rogay
" al, 1987; Lampen ot al, 1995) For fhux messoremexts, a donor

conpartment iy teed for drrg adminicration sod & recoiving compert-
ment ls usod fix sempling. With drug pivan 10 the mmoosel side,
szmpling allows the exxmination of dog shexptios, metabolism, end
wffix os well m sntry ixte the basclateral compertment. Moreover,
drug may bo given at the seroml coempe tment 0 escextain the nat fiox
from tho bascisteral side to the mocomd komen. Drog eofffry and
sxsocption hes been studied with voskolcs prepemd from the besobet-
el and aplcs] memboancs (Weltnberg ot al, 1936 Tmfl and Tamai,
1929; Bair ot a1, 1991).

A poouier o vite xysters 8 the Caco-2 oell Hoe, dadved from
Ixrman oolon oercinoma cells (Hidalgo et al, 1989; Hontar ot ol
1990), that conteins the Pxp (Hwakr ot o, 19932.b). A slight daxw-
back mxy be tha cxistonoo of s USWL that meey pose as & barrier for
Bpoph{fin drog tremsport (Fidulign et al,, 1991). Tha development of
e Caco-2 ooll b gromly Suititeted progrem and led 10 the teating
of dverse drug clesses W Pyp substrates (Barton ot al, 1993; Hosoya
ot ul, 199¢; Tooska ot 21, 199¢; Terso ot 1, 1996). The Eifrrentiated
Caco-2 eell moncleyors wors initially used to etody drog affiux by the
Pgp. or the muoithkdrmg resistanca geno prodoct MDRI1. Ervalvernent of
Pyp i infirrod when the besclatersl o spical fire (8 10 A) excceds
that of A to B. It was firther found that, upon cultore ba 1a-25-
dihyroxy vitemin D, for 2 wesks postoonfioanoe, oytochramo P4S0
3A activities wert sprogulnted (Crospl et al, 1996, 2000; Scharicd-
Fn-Ren: et al, 1997; Thommal et 51, 2001). More rooent dovelopent
jvotved trenafeotion with the oytodrome P450 pene snd stimmulstioo
by butyrate {Cammins et al, 2001) to provade the added PASD activity.
The incubeticn system, the donor and recalving compartments sepe-
raded by the ooll monolsyer, i m officiznt, high-throughput gystem
for exmminstion of whether mowly developed pharmacecticals arn
suhetrates of cyvochrame P40 1A4 and/or P-giycoprotnin sach that
interactions with ofher drugs may bo predicted.
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. TARLE 1
Scgmavial distrfiution of irmaparters sl suymes sngng Se intatied spmeuy

PANG

346

| Tommepcster Sugepuinl Distr fugthen. Raluzaces
Azt Giatx! demnting > pytximm] inscstinn Sebider of al, 199X Aklinl ot al, 1596
Pogel proxcingl intrating > distal Qoow fanetion: Flotul, |99
(Oojemxam > leexn > deoderss)
Mctl duodrrmn < jojooren > B Tumal of ul, 1999; Cong et al, 2001
Outpd igheet b Jjocars Whtters of ol 2060
oT highost ta. Jujcrme Ngoetal, 2000
CYRA docderas ~ Jofonom > Booxs Pxincctal | 1996, 1997; Li et ol 20m
Uar doodoaxs ~ jojerom > Bean Kontar ot al, 158
PrET dnodesas ~ jojaxen > Bewn Echorarts oud Schwack, 1974
OsT daodeomen ~ jejancen > (ke Piakes et o, 1977
Hetroon sulistese proxiena] > digted Fuolighobecr ot 21, 1584
M2 dmodersm ~ jojrrsts > Therms Mottioe o al, 2008; (owch of al, 2000
il Iejomcm ~ g > doodexn Puiich sod Ansgst, 199%; Colest ot ol 1999, Ll ot ol 2002
Mirp3 (bascheical) Qi > x> doodeses Tout of ul, 202
TABLE 4
Aewse-depaipet batesting syptabmlin
Room of Adwbeleeticn,
Deagn Ralbvearss
Imcndendynsi Bystmundy
Aootacpdoopies (Bacororidoiut o WD Pang ot a1, 1996
Ersdapefl Exunpciing ND Pung ot al, 1925
Cyclosparia + ND Dbz e o, 1985
Tacrokicees + j 4] Laspos of ul, 1995
Diderrias 1-Hydraxymitanoian | ] Paino ot al, 199 Thoeon ot o, 1996
(—)Amisocwcbavic (—YCxbovir hom W ot al, 1999
Mcrpitimn Marpiien 35 giooecside ND Dobarty et al, 2000

The in sito vesculwty perfhsed rat small intastino preperstion fe o
uschd preparstion for stadying the dsposition of both orally sd
aystecnically sdministered agents (Windmuoellor and Specth, 1977,
1381; Peog et i, 1984 Hirwywma et ol, 1989; Dobexty and Peng,
2000). In this prepartion, the native srchitecturs of the cmell intretine
s mainteined with respect to the ciroaistion sach that the exterds of
motabolizm, shaorption, and secretion can b stadied sinmbenaonsty
(Pang et o, 1945; Xa of ul, 1989; Faxysma xpd Pang, 1990). The
tectmiquo alkows fior singho-pass o rocimulating exporimonts forvolv-
ing systroric or Iominel &g sdoinistrstion, incinding amina] ad-
minjsiration in clossd leops or segricots (Pang ot al, 1534 Coog ot
al, 2001} In other instances, the intostinotiver proparstion may be
sed for the stody of Grst-pem metshollam snd fxr sxaralostion of the
rolo of the intestine ox regulstion of hepatic mesholion (Pang et al,
1935; Chen and Pang, 1997)

In vivo technriqoos exist for the stdy of intestina] drog absorpdon.
The Dohrisic method ontalls vee of en in citn rat got wchakgns for
drug administretion into the lwmen (Dotulslo of 1, 1969; Skn ead
Back, 198%). In somo me preperstions, the inflow and cutfiow of
malect sogment were manitored for drug disspposcanon, end artecial
blood was sxopisd end the volmme of hinod wia reptacished ty
teosfusion (Barr xnd Ricgebmen, 1977). Same stadies fovolve ol
ral towtillation of drug to sclect or closad segments off mty (doodermn,
Jejunmn, or flewm) (Hicxywma of o, 1990; Coog et al, 2001) ar
txomacs {Gramatsh and Ricker, 1994; Gramarth, 1996 Gracoatth st al.,
1994, 1996). Gens Inackout mice (Kim ot ul, 1998; Smit ot £, 1598;
Groiner et al, 1999) and mutant srdmal modets (Gotoh e 1L, 2000)
have also bean otiliscd to cxmning intrstine) traseport. The sorgical
manipalation of portacaval tressposition allowed the direct ssscm-
ment of systantic intestinal removal in the sheence of the Bvar (CGoghe
ot al, 1975; Rffency ot al, 1962; Lo ot o1, 1947} The method &
aimost smalogom to the ol xnd systemic adminktrations of the ket

drog, midamalm, to gnhapatio pationts for tho estimation of baestine
drug metsbobien (Paine et al | 1956) Throogh varyiog sitre of dmyg
adorinistration, nemely, oralty, intrepartally, snd intrevenoursty, com-
parison of the eroe under the corves under first-aorder conditions ylolds
tho evailahle fiection of the ininstins snd Hwer (Mistry and Hooston,
19835, 1987; Himysema et al, 1990).

Transporters for Absorption And Efftex at Apical Membrone

Muoh sttention iy given to the presence of traaspartexs at the spical
or brosh-barder memiwene of the intesting, not anly for drog sbearp-

tiom bat also for exsarption (Table Z). The varioos apioal trensportars -

for arganio smions end cations have baen roviewed (Tegll and Temal,
1996 Koeped!, 199%; Zhang ot al, 199%). The ABC (ATF-binding
cawniic protuing) efficx travaporters, Pyp for Bpophitic totities mnd
MRP1 fir drog conjogstes, ss both prosent oo the intestinal mem-
e, Moreover, the nowty cherectertend tresst canoer rosistenno
prokin (BCRP) moltidny tressporter confers resistaoco to mitox-
actrons, topotocen, the sathrasyclines, snd rolatod drogs I cedl o
(Daylc ot o, 199%; Alles o al, 1999; 2002; Miyske ot ol 1999,
Jonkex et al., 2000; Zambar et al., 2003). Thexe sffiux trunsparters £ro
known to defimit drog sheorption.

Hatarupsasity of Intwstissl Traasporters. Amlogons w thet
foond fir the Bver, fhoaro cxisie n incressing body of Beratore an the
botercgensity of indostinal tressporters (Tablo 3). The sbearption of
miloyian (Ungell ut al| 1996), mtipyrine (Racof ot sl | 199%), scet-
oninophen (Gomastté and Richter, 1994), grisoofidvin (Gramsité,
1996), and {—)-carbovir (Boxia and Zimmerman, 1994) waa foosd to
be the same among 5]} sogmects. Mrtoprolol sbearption b the seme
snong segroents in bomans (Vidon et al, 1985) Preferentinl shsorp-
tion in segesenty]l neglons has alec ben noted for the testine!
shearption of maitidine (Sotfle md Broowa, 1995) smd diltsssn
(Homsy e al, 1995) In Hke fashion, the sbearpton of oendtidine
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(Gramaith & al, 1994) end talioolo] (Gramatth ot al, 1996) in kigher
in the procdnel intestine in bomans. For hydroddorothisxide, skeno-
Iol, furosamide, and cimetiding (Lannernils, 1998), ha net smeossl o
sarosal abscrption was grester fior the jojumam than fix the fivan., For
verspamil (Honter ot al., 1990), pherytoln, sinaokuiant, gomifveafl,
(Ungvil ctal,, 1998), sod coposide (Makhoy at al., 1998), net mnoosal
0 scrosl abaorption wes grester for the fleom over the jojumm.
Recent advances in expression dloning of intestinal traneporters
have provided moro dofinitive toals for the examiastion of reglonal
distribution of the trensportees (Fel et al, 1994; Sekonalder ot al, 1995;
Mottino et al., 2000; Waltery o o, 2000; Ngo of al, 2001). Thero are
cunsegquences of hetcrogoanomly dabfbuied spical sbeorptive snd
- socroiory trasporicrs. Virying tute constants for banzolo acld intes-
tinal upiske were obecrved anxmg the sagments, and a higher abaosp-
tlon raie constant was shown for the jejumal scgment vermus the
duodenal or flcal segment ta the perfisad rat intestine preparation. The
bigher jojunal distribation of Met]l wes confieed with Westem
biotting along the length of the mt small fniestine (Cong ot al, 2001).
“The protoo-coupled oligopeptide transporter of the rebbit wes found
more shundently in the proximel intestine (doodemes end Jehormn)
(Rel &t al, 1994); tho rat organic anlon transpester 3, Outyd, is bigher

divemocen, (Lo, , ©0d Cly, ., copeutivily.

oxrapeaiiag Gann yes with intrinsic teosfiy clanmons
oz aatfyithes whikie the vitios tios of the ssecow Inyer are repmescted
Oustsalmtagtingl tamalt clesnss ks docoted by CL,,. Adepiod

in the jojemmm (Wilters ot al., 2000); and tho apical bilo st trans-
porter (shat) predominates fn the distal flown of the hemster and st

(Wong et sl, 1954 Scimelder ct al, 1995). Goich ot al. (2000) .

damangtrsted the grester mRNA. expregsion of M2 fn the mt jejo-
wam, fallowed by the doodensyn wnd fleom, with vary Hifle in the
colon, as confimad by Mottino ot al. (2000). Tha exarction of the
glotathione coxjugats 2.4-dinitrophenyl-S-gintathions by MipQ was
grenient fa e jojuanm, s expected by mBNA. exprossion (Gatoh et
al, 2000). The offive tansporter ret Mrp2 is higher in the proximal
mgion (Goioh et ol., 2000; Moitino et al., 2000), wheress the Pgp
eofffux pomp is higher dictally at the jojunum sad fleamn (Thicbesit ot
al, 1987 Homter of ol., 1990; Chisnale t al, 1995; Lown et al,
1997; Collett et ul., 1999; Naksymmna ot al, 2000; Stophees et af,
2001; L] at s, 2002). The rxt basolatzeal Mrp3 that transports drog
qut of the exl] i higher towend the distal fleom snd colon (Rost et al.,
2002). The nochomogensony distribotions of the trensperters (Table
3) are axpecind 1o affbct drog ebeorption and biogvallahility.
Hetarwgeneity of Intestieal Enxymes for Metabollsm. The intes-
tinal tiasoe is endowed with phas I xad 1l eozymey, althaugh at lower
lovely thea those for (e Hivee Drug motsbolixing exxynas: UDP-
gloceronosytirensfieuses (UGTs), solfotransfenges (PSTH), and glo-
fhione Stonslarascs (OB TY) exhibit 3 decressing gradisnt slong the
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intestival wall, frum doodamm to feom (Clifion end Kaplowlt,
1977; Piokes et al., 1977, Schwarz and Scirwenk, 1984; Dubey sad
Singh, 19682). Tho homan infestinal CYP3A4 shows a slightly lower
Tovel at the duodenum befire Levels rise again ot the jefarum, then
finally docroasing towsrd the fisom (Paine et al, 1996: Thanmel e
al, 1996). The sme was fousd in snimale (Hoensch et ol 1975; Li
ot al,, 2002).
Rowte-Dependent Intestinal Mataboliow/Excretion

Ravio-depondent intestingl matabolin kae bom ohsorved (Table
4). "Route-depsndent” intesting] metabolisn describes & grester In-
testina motsbolipn/extraction of drug vpon ol or lnrinal dosing
veosus “systarid” dosing. In stafles pertaining to the parfosed,
emsfl intrgtine preparations, gresior axtonts of mefaballam weve acted
hmm::n_lm).nhpﬂhdﬂ,lm
marphing (Dobarty sud Pang, 2000) wnd (—)-sminacerbovir, the
Frodrag that wis convertod to {—)-oxtbovir (Wea et al, 1959), when
given lominally, wherses metsbolisn wys aither shuent or negligihle
whan the drug dose was glven kot the resarvolr for aystemic delivery.
Theso results from the vascalar intestios] perfsion model mirrored
umummhmmm

exteraivo first-pass motabolien was noted orally (extmction mtio of
043), with much of the inteatically fonned primery metabolite, 1-hy-
draxy midezoiam, resching tho hepatic partal blood (Peine et al,
1996; Thommal et al, 1996, 1997). huerestingly, intestingl CYPIA4
Tavels in humens correlated well with mtes of midiegolam 1°- od
4-hydroxylation (Tixgomel et al., 1996) bat failed to show e relation
with the erythwomycdh bresth test’ (Lowd ot al,, 1994, 19975) that Is
ordinarily ueed 40 correlate with Ever CYP3AA lovels (Watkins et al,
1989). Tho exnlusivity of (ko kntravencos exryfhroenycin test to Bver
fimetion only travistes to the insccomibility of the systamically
mmwhwwm)m

%0 120 150

wsmlarly
intartios progrxiion 19 he TM and SFM,
mt&-mum.ﬁuﬁ-hdr

'Amount (% dowe) °

occors fir ding in the systomis cironlation doe to the inaconssibility of

cxymes (Doberty and Pang, 1997). Anakgoosly, pretrestment of
hnuwﬂ:&wh.nmxmwul‘p-ﬁ
cxarid an affect only an the oral but aot the infravenoos kineties of
digoxin (Grelner et ol, 1999), suggesting thet the intestinal Fgp Is
acomalble fiv digoxin administered Inio the kenen.

Indestinal Madeling

The dynaestic interections of metsholiss sod searetion, snd the role
of tmuportes on drog aheorption have been mder considershle
debate. The thorough saderstending of intestina] processes would be
loarnt firoogh modnling of ntwating] data anly in the sheoncs of the
coptriwtion from the ver, Recent sindies on e ixterctions betwoen
the Pi50s and Pgp In vitro beve led io the conclnslon that Intestinal
mataboliam 13 enbanced by the sscretory action of P-glycoprowin dos
to m jnerosss in e meen residence time (MRT) of dmg in the
infesting (Benet and Cumming, 2001; Cumnming et al., 2001; Jobmson
et al, 2001), Theoretical exmninations on Capg-2 odly wnd insentivel
vasculsr pexfisgion systems sopport the notion fhat the mem regidmce
ties wag hnrenped, but metabolism under Hnser conditions wes in
fhot decreased in the presence of secretion, even though the mean
residence tino hes incressed; under nonlinegr metabolipn, instences
oxiet wharchy the mate of metabolits scomal muy incoemss, sven
fhongh the vitimste smomnt of maisbolite fimmad rameined cqusd to
the dose (Tam ot al, 20053s). Howewer, mder casm of nonfinear
metsboliam, fncrensnd soamtion together with mpid ro-salry of dug
firoen the apical compertment to the eell evoloe locreased rates of drog
metubolism. The reason for this ancmaly is atriboted to the desstu-

ration of inteatinal exxymes (Tam ot al, 2003a).
‘Tho naxt question fs, what sbout the intact intestine? How sdhoald
mmmmmnwmm
amptying/intestira] traneit be handled? Mod-

Time (min)

hthfﬂfﬂ-ﬂh“ﬁ:&crﬁtﬁm
recirudnting yut small flistios propuiilen, M aadnal
aduisiviretion of doss lnto the intexting] hasen fiints from Cong &1 o, 2000).
Note et morphien ghocaroside frwed with Imzing] adeninkuntion of
-#-.H-ﬁlll-*'-”mhihh_d
Immionl finkds that wers solletiod sy cxnduis. Neio the soparicr £it of the deis b the
SPM. Adspted fien Cong st al. (2000), with pecatiesion,

120 150
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parfiateg the ambmrocyis region, whirs e

Drog (D) In bicod

B)

[ S E———Y
e

[ Skl

with But ja the ooresponding tisoe Inytos with atricalo trnalbr oloarmnoss CLy, tod Cl, for both STM md SAFML The eleptive,

tsballe, end alfiux ectivities wilkis the viflos tios of the sssceml Inyor e sepressnied by tho rale congient, &, and maighelis and sncyoury Eatringio dloarmnsen, Cl,

wd C,,, rospoctively, S ench I* smgoae. The

There had been theorotical investigations m the compartmentad ab-
sorption and transit (CAT) modal .thet. considered the trameit and
sbearption of drug in the amall intesting (seven compartments), and
there was 50 sheorption within the stomach snd colon compertmeents.
Alworption within the seven mixing-tanin in serles compertosnts for
the small intestine was govemed by the gmtrlc emptying reis and
Jifferent intestinal transit times (Yo of al, 1956 Yo and Amsidon,
1998, 1999). Since the CAT modal dd not inciode the physical
modeling of drug dissalution fiesn dosage solid forms or controlled
relese fixrulations, degradation in lnmen, chasges in shexptive
axface ares, shaccption i the stemach snd colon, metebolism fn Bver,
snd tansposter densitice for abworption snd effiux, & refioed and
expanded modol, known as the advanced CAY or ACAT model was
doveloped, with nplanentation of softwers, for the prediction of
drog sheception (Agomm et sl., 2001). Detalls snch a9 particle sbee,
P, paxticlo density, snd &ffoslon conffiolent wore incloded fior
cansiderstion of drug dissolution and sheorption. [n another moded,
Tio et al (1999) descxibed intestinal metsheliam snd sacrotion, Inive-
ocllular drug diffoxion, and pamestion throagh the besvlsiars]l mem-
brune; however, tho model seomad (o Inck description of intestinal
fow. Mareover, these models do not relste w blood fiow, dmg
putiioning, and the phenomonnn of rovie-dependent intrating mo-
tabolism. A grester understanding of the interplay will allow ssund
interprotations on intestinal drg matabolism and transport with re-
spect 1o other drugs ar the hutake of frait julces (Bafloy et al, 1993;
Lown et al, 1997s; Dresser of al, 2007).

Fhyslological Models: Traditioual Madel (TM) and Segrogated
Flow Modd (EFM). Tihus, the strategy s to tam & physiclogloally

bkt clesrance b domoted by Clory. Adegied fhum Taen of 51, (3003b), with pacmission.

based models that ancompines all of the salient varishlos of transpost,
mobolisn, offhax, gastrolntestinel translt, and shewption (Dohacty
and Pang, 2000) (Fig- 2). The TM (Fig. 2A) was developed to demeribo
duta arlsing fiom recirculstion of tacer morphine in the perfosed ot
sl ntestine properstion (Doberty end Pang, 2000). In this prepe-

1 2 3

1 2 3

detorming dhe wrylng disirButions of aleorpiive and sacretory tremporiers axd
winbellc ey thar qvels kigh s iow bosvailnbilities.

Segmantel distributioss (denigrtnd s I* segrooats whare 1 = 1,2, wd 3) of e

meiabobia niriaio clssrvace, 0805
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ation, morphine glucuronidation was cbesrved with dosing of mow-
phine into the duodonal lumen snd oot with admictstration into the
resxvolr that mimickod intravenous administestion (Figs. 3 and 4). To
sddress the apperent “Insocessibility™ of the intnetivel euxy:mes © the
drog bome in the clrcuintion but not lomen, or route-dependent
metabolipn, the segrogatad Sow maodel, based ca modifications of the
wmoded of Klippert and Noordhaek (1985) (Fix. 28), was doveloped,
HFM describes o partial and low blood flow 1o the “sctive®

region whore the absorptive snd exsarptive cmriors and motabolie
enmymes roside, and & much higher bulk flow i 8 acnshyorptive snd
ooesnotsholizing region that incloded the seross, subrenooss, and
moosa, excindlag the enterocyte reglon (Cong et al., 2000). Thus, the
SPFM reocgnizes the subtls danercstion of tissos lnyery and datribo-
thone in blood supply (Svenvik, 1973; Grenger ot al, 1990). The
Titermture values fior the biood ot to the shacrptive enterooyts layer

A
1.0

08

08

04

0.8
0.6
0.4

0.2

0 1 2

ke

‘The mambolto ketringle clearmon,
1,2, =xd 3) were ssigmad to be sl

of fhe nmooes vary greafly, raoging from 5% to 30% (Miofilider utal,
1976; MacFexran sod Mafious, 1977; Mailman 1978; Granger et al,
1980). Drag in the hrmen mmst enter vis the caterocyts region befiore
reaching the chrenintion, wheress drug sieeady tn clranlstion is pri-
mxily chameled to other thamlar regioos. The condition conduoes o
a grester intestinal metabolism with orsl versns intravenoos dosing,
For dam on tracer mcxphine gtocorowidtion in the secireulating,
vasoulsr prfosed ot small intestine, the SFM was superior to deseribo
(o pheaomenon of routo-depeadont iatestinal metabolism (Cabg et

‘o, 2000)

Thes physicingical-besed modedls developed for tho intestine pro-
vide estinations of motwbolism end MRT. Under inesr confitions,
irtestina] sceretion resuits in reduced Intestinal metsholite frmstion,
o oafioned o & recent theorotioal exmmiastion of TM end SFM

{oopoblished dats of K. 8, Peng, B, Temg, end D Tam). The con-

3 4 'S5
(min™) '

Mo, 7. Sieadusions parfrsead fr the STM (£) and 23PN dameuzirats e s spuentl, guvtroletestinel

traxsli cerece (o, = 001 or &1 ml
Dioavalialiiy, F.

0.1 sl ths pasthicming cloxzmcs of -l 0.9 mbula. Al the batngtina] acgmants (1 =
;:i-—dmmﬂzfn'ﬁa.&ngntmnﬂ-
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8

secratyry buriagic clourance
The shetepion

clasion also agroes with intnitive and dodoctive ressoning sines re-
doction of intraceliniar subsiraie concentration in the ftesting sccom-
punies drug affiux af the spios] membeane, yiclding lower rates of
injestinal matsholis: (Sirianol and Fang, 1997; Behoets and Schinksl,
1999). This wes also found in a sinmistion stody based on Caco-2 ocll
officx md motsholism (Temn et ol, 20032). Jncressod shecsption
negtralizes the offect of intestinal scaretion and incressed bicsvall-
sbility (), wheress incrensed secretion snd metsholiem redoce the
blogvailability (Tabls 1).

Segmenial, Traditions] Model (STM) and Segmental Segre-
gated Flow Model (S35FM). To acconmixintn fh atttnudnnt hotero-
goonitics of metsbalio and transporter sotivities sod % examine thelr
mpact on intestinal clesrance snd svaflability, more sdvanced models
have boen developed (Tem et al, 2003b). The single intestinal com-
periments of the TM sod SFM were cxpanded into three equl

2 3 4 5
CL,,,, (mimin)

.t hﬂn“ﬁhﬂﬂ)dﬂlﬂh“hﬁfﬁﬂ“lﬂh—ﬂ-- m-u.u-u.u

L), nd du mutnbolly inrbule cloarmnce (L) au by insesiins! Gyosumic)

it cosstent fv the anch spaent, st 3 mia™%; e puthiccing clearnase fix dewge, ond
_ﬂ-l,lﬂn-—“uhﬂamqﬂ“dmﬂ h(::n

-U-M.Alh_ii
Adapied foun Tom of al. (2003),

scgmenial oompartments, a8 for the sooel modeling of the Ever
{(Alo-Zalen s Pung, 2000), in the dovelopment of the sogmental,
tadilonal model (Mg. SA) and the sogmental, sogregeted flow model
{Fig. 5B) (Tan ot al, 20055). The varylng distributions of shearptive
and sooretory traosporters and metubolic ensymes thet evokod high
and low evplishilities wers fopnd fiom alrntafions basod on integtianl
modeing for the vt small intestine (Fig. 6). Of note &a the strong
infloence of the distribotion of the metsholic anxymes slang the
inteating] longth on F. The predicied trends wero generally simfler fhr
both STM sod S5, althongh the megnitades diffired, When eg-
ments of ecqoal pofivitiss for the transporters end metsboliz ensyymes
weare axgmined i & soymistion study thet viewed the intestios es the
only ciiminating thesoe, & fist ahaorption, reflocted by high shaorption
mto oongtanty 'within the segments, oomtecacied the depth of the
virtoal, pegiphersl compartment snd reduced the mesn reaidence time
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of druy in inteatinal tissno, MRT,; Repid rosbeoption of the se-
oreted spocks cencelad the affict of Intestinal sccrotion and inoressed
the F. Howowver, high metsbofic and seorction activities within the
enteracytes gresily roduced F. A grester metabolic intrinsle clesrancs
within the sogments dectessed MRT, ., wheress » groster secrotory
Intrinsic clearanco within the sugments increased the MRT,, (Fige. 7
and 8) (Tem et al, 2003b). .

Cuaduding Remarks aad Future Modeling

Another question that reragdus Iy whother in vito dats would rofient
intestizal metsbolimm in vivo. Bat dete inteypretation and corvelation
betwom in vito md in vive intestine? drug metsholism/removal is not
struightforenrd, In adfition & many of the usml probless olften
ancountered for correlating bn vitre-In vivo dats on drag metsholica
(Pang end Chibe, 1994), other varishiss are presdnt, and thase may
further camplicate the relationship. One ressan s the effiox tamport-
s at tho spicel memibrane end the presmce of intestinel motitity thet
wosk ja wrson to ragove drog oot to the lomen, thersby proventing
matsbolisy, althongh drog muy be re-exposed to the exxymes opon
roabacrption. Thns, oot all of the effimged drog is sebject to kelestinal
matabolizs, even though abecrpticn i mpld. The second is ronte-
dependent intestina) metabolism dus #0 the poouBaity in intestinal
blood flow to the “sctive™ metabolio snd shearptive reglon (Cong o
ul, 2000), The ovocall estimate of hiogvallabltity s, theraftre, com-
plsx, and s the consequence of mombeine pamestion by difforent
armys of transportery opersting in the sume or opposite directions, md
ceilzler ensymatic sctivities thet reduce the intracelinler drog contes-

mmhmﬂ&qm

jiy in the sheenos of s contribution by the iver, For spplication of the
concepimil frameworks developed within the SFM sad SSFM, the
physlological poremeters for the Sow o tnd wlrma, as well s
. Mo sprwopriste intestinal traneit times, need to be properly sealed-op
fix modeling of buman shaception.

The models, however, wwmmhm
The of drug dissolotion sad the
iﬂuudhvu!mﬁ..d‘twhnyihbhmﬂlbh
models. Mass babmes with respect 0 ionkzation ind shecrption of the
Bonionio spacics may be farther soconemodated (laldwmii o al., 1997).
The disparto surfiace area in drog sheorption (Agorem et al, 2001)
ad the intermittent relesss of droge in varions egpregaind md de-
sggregeind forms fhom the stomach, gastric emptying, bile st effsots,
and the presence of mucus mey need 1o be considered, Enprovement
in prediction of systemin svallsbility will resilt epon coupling of the
drug-ralcygse phase of the ACAT model (Agorem et ol, 2001).
Sloughed off entercoytes that contribute i intrstinal drog metaboliam
in lumen may nead w0 bo modsled (Glaoser t al., 2002). Nonlinearity
iancs, in torms of intestinal drug-sheceptive traneporters, matsholic
ensymes, and drag officx traceporters, muot be comsidered in dreg
absorption, cepecisily when the drug in ebsarbed rupidly to evoke
suturation {Tamal ¢t al., 1997; Tan ot ol, 2003¢).

‘Tho modding of drog matsbolish and trensport by the Intestine is
it the carly stages of development. Proof of the model relise not caly
on drog but also metabolite disposition during both arel snd systemie
dosing. Nesdless to say, the liver should be properly comldered for
fixst-pass emoval and systemnic bloavallshility. It is expected that the

PANG

3S)

copsolidesion of phrysiclogically sound istesting) snd Bver models will
greafly improve our predictiveatss on dmg absorption hiosvailahility.
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Improvement of Dissolution and Oral Absorption of
ER-34122, A Poorly Water-Soluble Dual 5-Lipoxygenase/

Cycloo

xygenase Inhibitor With Anti-Inflammatory Activity
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malid-stata charscteristion of the molid diapersion, thes sorrespording phoysical nrixtore,

and ER-34123 alone ware frrvestiguted by Xrxy powder &ffraction, Yourisr tranaitom
infrared spectroscopry (FTIE), and an sutometed andiroliad-atmosphers mbaroahnlance.
The X-rxy powder diffraction petterns suggost that the solid dispersion exists in a
totally mmorphons siate and the othears exist in a crywtaliine stats. The FTTE specira
resulia sogmeet that ER-84123 can interect with TC-6EW through intecslecniar
hydrogen bonding in the solid disperadon. Thia interaction may caues s stabibsation of
ER-34129 tn the higher-enargy, fester-diewslving snavphoos stwie. The dissolotion
rate of ER-34139 froza the solid dispersion wan sigrificantly greater than that fram the
physioal mixture or the pure drmg. Purthernore, whan crally admindistreted to beagls
doge, ER-341%2 showsd aboat a 100-fuld incremss tn both muxirmn concentration
{Cooa) End arns tnder the curve of concenirsiion versos time (AUC) campared with the
pare drug. Conwequenttly, #t was determinsd that the solid dixparsion techmiqua with
TC-GRW provkies & promistng wxy to ineresss the dlsmintion rabe aud the oral
absorption of poorty witer-solohles drogs soch es KR-34128. #3003 Wiey-Lim, Ina_ and the
American Pharmacsatica] Associxtion J Pharm Sd 91258908, 2003

Kaywords ER-34122; sofid dispersicn; TC-6RW; dual 5-Eipoxygeaasefayciooxypenass

 inhihior; soti-inflammaetory activity

Bmiting atep for its in oo absarption end the

appearance of its medical effoct
number of different frmulation

ok

have bean investigatad to increass the dissclotion
rate. Ona of the spproaches la the firmation of
acid dispersioms with pharmaenlogieslly inert,
palymeric materlaln®' Many solid dispersion
techoiques have been employed to enhance the dis-
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| tory  activity,’®* displays poor dissobution
behavior in water bocause of ita poar solubility
in aqueons solotion, a8 shown in Teblo 1. Based on
an in vivo absorption study using an ER-34122
dose of 10 mg/kg in beagla dogn, the plasma level
ammmm;mmtupb
{ethylens giyeol} 400 [(PEGQ) 400] sohition, in
which 10 mg/ml. of this drug wes soluble, waa
slgnificantly higher than that of the pure drug.
The area undar the curve of concentration versus
time (AUC) in the former and the lstter were
4.9431 1.621 and 0.020+0.012 pg h/mL. Accor-
dingly, the dissolution was thought to ba the rate-
limiting step for the aral ahscrption of this drug.

In the present study, the dissclution enhanes-

Mmuhnddﬁm.thnmdm

Table L Balubility of ER-34128 in Verigus Madia ot

- Bolubliiity
Bpecles pH (ughnl)
Britton Bobinsmn buffier pHA <0.01
Hrittoti Bobinson boffier pHS <001
Britton Robinson baffer pH4 <001
Britton Robinsm baffer pHS <0.01
Britton Robinean buffer pHE <001
Britton Robiason baffer pH S8 <0.01
JP 1 medinm pHLS <0.01
JP 3 madinm pH&S 0.03

&>

Y L

tion for the solid digperaion and the pure drug was
evaluated using beagle dogn.

EXPERIMENTAL SECTION

hydraxypropyimethylcallnlose
pwchased from Shinetsuy Chemical Industry
Gmpwlﬂ.nx-ﬂs'ndl’-lﬂm‘ which are

apen) Mitsohishi-kagakn Foods Corp.
(Tokya, Jepan), respectively. PVP-VAS4®, poly(-
vinyl pyrrolidone) was purchased from BASF
Japan, Lid. (Tokyo, Japan). All othar chemicals
were of aialytical grads, and the water used was
filtsred through a Mill.Q Water Purification
Bystam prior to use.

Methods

Solabiiity Stadies

The aquecus solubility of ER-34122 was deter-
mined at” 87°C. Exross solid EBR-34192 was
weighed and placed in a 5-mL screw-capped vial.
After a §-ml volume of the test madinm was
aecurataly added to each vial, the vial was tightly
capped. The vials were then mechanically rotated
in a constant temperstore water bath (Yamato
Sclentific Company, Lid., Tokyo, Japan) at 37°C
for 24 b After the sample solution was centri-
fuged at 3000 rpm for 10 min, the supernatent

Mixture i
Bix kinds of water-sclubls polymers were used for

the farmulation studies of the solid disperaiona.
BEach 1-5 (wiw) ER-3412%/carrier dispersion was

Preparation of Solkd Dispersions and
Physical

JOURNAL OF FHARMACEUTICAL SCIENCES, VOL. 91, NO. 1, JANUARY 200
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prepared by tha solvent eveporation technique,
wherein 8 g of the ints ratio of the two
components was digsalved in 200 mL of 80% (w/w)
ethanol/water at 50°C. As for the 1:0.5, 1:1, and
u(wiw)mmmmwmagd
the appropriate ratio of the two

Mdmﬂﬂﬁmtm)m-t
50°C. The salvents ware removed under reduced
preasure using a rotary evaporator at 50°C. After
any residual solventa were removed by drying
under vmanmm at room tempersture, the solid
disperaions were ground into with a

marter and pastle. Tha 1:1 (w/w) phyaical mixture

of ER-34123 and TC-5HW was prepared by
thorough mixing in an agate martar with a pestls.
All the powdsred samples wers used for the
following studies after passing through a sleve
(eieve size: 150 pm).

X-ray Powder Diffraction ORD)

XRD patierns of the ER-84122 test preparations
were measurad with a Rigaim RINT-2500
Ultrax18 X-ray diffractomater (Rigakn, Tokyo,
Jupan), The radiation was by CuKa
with a wavelength of 15418 A at 40 kV and
200 mA. Fech sample was packed into a copper
holder, and the instyoment was oparsted in the
emiimions scan mods over the 26 range of 5 to 80°.

Dissolution Studles

A JP XIII Type 2 apparstus (rotating paddle
method) wes amployed to obtsin all the diagolu-
tion profilas of ER-84123 alome, the phyaical
dared sample contained 1020 mg of ER-84122.
The dissolution test was carriad out at 87 +0.5°C
at a rotztion speed of 50 rpm. The dimsoludion
madium was 00 mlL of JP XIII diaintegretion
mdmadnmﬂ?ﬁndnm.yﬂ!ﬁ)ﬂquh
wers withdrawn at appropriaie time intervals

(Shimadsn,
Japan) equipped with a 4.8 x 250 mm YMC-Pack
ODS AM-303 column which was mainiained i s
cohmmn oven at 35°C. The mobile phase conslated
of a 50% (v/v) mixture of acetonitrile and water.

JOURNAL OF PHARMACELITICAL SCIENCES, VOL. 91, NO. 1, JANUARY 2002

T ugY

The flow rete was 1.0 mI/min, and the detection
wavelangth was 254 am.

FIIR Analysls
FTIR spoctra wero recorded with & Jasco FTVIR-

ted over the spectral region from 4000 to 400 cm—>.

Hygroscopiclty Measurements
‘Vapor pressure isotherm data for ER-34122 alons

bumidity (RH) was regulated from & to 95% by
ing tha relative flow rates of dry (0% RH)
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Chart 1. Prefrestmant flow of plasma ssmple for
HPLO snalysis of ER-34122,

RESULTS AND DISCUSSION

Preparation of Solid Dispersion

For the firmnlation studies of the solid disper-
glons, 1:5 (w/w) druglesrrier disparsions were
prepared using six kinds of water-sclubls poly-
mera. The dissclution rates of ER-34132 from
which showed no diffrac-

v

Olllla..'l.l
‘Thasaluin)

Figare 2. Dissalntion profiles of ER-34122 from 1:6
(wiw) drogfessrier diaparsiana in JP 2 mediym ot 37°C.
Bix kindy of water-solnhla palymers (Le., TC-GHW, IIK-
88, HP-58, P-1570, PYP-VASL, and MC) ware used i
the preparation of 1:5 (w/iw) drag/esrrier disparsiouns.

be the most suitable for the ER-34122 dossge
form.

_ Pysicochemical Property

w) drug/TC-ERW .disparsion, and the

ing physical mixture are shown in Figure 4. ER-
841322 ia crystalline, as demonstrated by its sharp
and intenge diffraction peaks, wharoas the solid
dispersion showed no diffraction peaks, suggest-
ing that ER-34129 was in the amorphous state.”
In cantrast, the mixture showed ssveral
diffraction peaks atirfbutable to the cryainlline
form of the drag.

Tha XBD pstterns for ER-34123 alone, the 1:1 (w/
correspond-

B EEE

TimaOuix)
Wigure 3. Effect of TC-5RW eoutent on the ralease of
ER-34122 fram solid dizparsions. DrugTC-EEW disper-
slone with four levels of TC-BEW conent [10.5, 1:1, 12,
aud 1:5 (w/wi] were sindjed.

JOURNAL OF PHARMALCEUTICAL SCIENCES, VOL. 91, NO. 1, JANLIARY 2003
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N
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Figare 4. IEBD patierns of ER-B4192 alona, 1:1 (wiw)
ER-3419%/TC-5RW dispersion, and the corresponding
physical mixture: (A) ER-34129 alone, (B) tha phyweal
mizhure, and (C) the salid dispéssion.

s8¢t

The FTIR apecira of ER-84122 slons, the 1:1
(w/w) drug/TC-ERW dispersion, and the carres-
mﬁn;plvddnﬂm:nmﬁunhm:nﬁ.
Balow 2000 cm™, po diffarence was cbserved

was observed st 1067 cm™2, which is assigned to
the C=0 band d:uhlu:n; vibration of Ar
CONH,; ™ The sheorption band was upshifted to
1884 cm™! in the solid dispersion. In the physiesl
mixture, however, the correspanding absorption
intermolscular hydrogen bonding occurs between

ﬁ ;

A

the N-H and C=0 maiaties of ER-54122 in #in
unadulierated form, whereas in the soid dispear-
tion, the binding is spread out. The C=0 func-
tional gronps of ER-34122 may interact with the
finctional groups (e.g., hydraxyl) of TC-BBW at
the molscular lavel in the sclid dispersion Mke
other solid dispersion systems,’ which use

that alao foprav-

hydroxypropyimethylcallulasa,
‘od the dissolution profiles of nifedipine, which

eontaing guch moleties. This nteraciion may also
mn-hﬂl:nﬁmdmmhmm
enargy, amorphous state ™

The difference in hygroscopicily between ER-
34122 alms and the 11 (w/w) drugfTCORW
disparaion are shown in Figure 8. ER-34122 was
hardly hygroacopie, whareas the solid dispersion
adacrbed 2% (w/w) moisture when equilibrated st
75% RH. Becauso the hygroscoplcdiy was rever-
sible and o crystallization was chserved by XRD
(data not shown), the asclid dispersion proved
physically stable under the humid conditions.

Sohubllity and Dissolution Profile

The dissclution profiles of ER-84133 alovs, the 1:1
(wjw) drug/TCHEW dispersion, and the coxre-
spanding physieal mixture tn JP % medhon ot
87°C are shown i Figure 7. The solid dispersion
exhibited fester dissclution rates than ER-34122
slons or the phyuical mixture. Becsuse the
solobflity of ER-34122 in the madam at 8T°C

wef

. m ©
E i\ | A)
bl ¥ 18%-D) '
"l-l ) e in =
Wavenmber(cm-1)

m 5. FTIR specira of ER-34122 alops, 1:1 (wiw) ER-B41R9/TC-0EW diapersion,
the correspunding plyysice] mixtrre from 4000 fo 400 em™: (A) ER-341%2 alone, (B)
hplvuhlm-ndtc}ﬂnﬂdm

JOURNAL OF PHARMACEUTICAL SCENCES, VOL. 91, NO. 1, JANUARY 2002
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)

- 4e°

. [—o—Adesrption
-".- ] wifpne

Figore 8. Adeorplion—~desorption fsotherm for ER-3412% alone and I:1 (w/w) ER-
34193/TC-EREW dispersion: (A) ER-341232 slcne and (B) the solld dispersion.

recrywiallization did not occur under the experi-
mental conditions. The reason why dimsolution of
the physical mixture was superior to that of
the drug alons may ba that TC-5RW inhibits the

JOURNAL OF PHARMACEUTICAL SCEENCES, VOL. $1, NO. 1, JANUARY 2002
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In Vivo Absorption

ER-34122 in the 1:1 (w/w) drug/TC-5EW disper-
gion was expectad to exhibit a better bloavadl-
mmuummmﬁ*

Figare 8. Plasma lovels of EB-34193 after the pure
drug and 1:1 (w/w) drug/TC-5R'W disparsion were orally
mnmmamm-mu
boagle doga (v = 8).

CONCLUSION

The dizsohrtion of ER-54123 from a 1:1 (w/w)
drog/TC-5RW dispersion wus aignifieantly
incressed, as shown in Figore 7. In the XRD
patiern of the solid dispersion, ER-34122 was
detectad in the amorphous state, which proved to
be physicslly stahle, ER-34128 was also thought
to Interact with TC-HREW through intermalecular
hydrogen bonding in the solid dispersion. Both
the Cous and AUC of the solid diapersion were
~100-fld highar than ER-34128 alons in heagls
dogn. Therefbre, it can be conchaded that the solid
dispersion teshniqua using TC-GEW, which is a

whosa solobility s muach lese than other poorly
water-soluble drugs introduced on the  mer-
kot 2% Alsg, this techmique can be valuable for

Table & Pharmackinstic Prramgters of ER-M 123
After the Pure Drug and 1:1 (wiw) Drug/TC-EEW
Disparsion Were Orally Adminisirated st the Dose of

10 mg/iy ap ER-3412% o Beagis Doga {x = 5"
ER-34122 ER-S41BV/TC-EHW

Parumeber Alana Balid Disparsion

AUC (pg-ml) 0.03910.012 280131161

MET (b} 4684060 6.50:+104

Coen (3gfml) 0.004+0.001 0.528::0.100

T () 2.00:0.00 2.00::0.00

“Bach valoo represanis the mean + SEM.
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drug discovery and whare the solu-
hility of ecompounda is one of the kay factors.
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The bioavailability of drugs is degendent on factors
Irlndlmﬂlmﬂxeruupmnofd:edmy.lfd:mua
low aqueous solubility, for example, in ca

the velocity of resarption might be Hmited by the dissolu-
tion, rate, which, in tnm, would depend an the partide
sizey of the drug [3, 5, 6). In connection with other
problems we compared the bicavailsbility of two pure
carbamarepine samples which were different in the dis-
tribation of particie sixes.

Material and methods
Each of 3 bealthy msie volunteers who were 34 years old

and weighed from 74 to 84 kg was given orally n o

crogsover study 400 mg carbamazepine in gelatin cap-
sales. The second carbamazepine were administered af-
ter-a four-week time inrerval.

The drg was administered to the fasting volunteers in
the morning two hr befoce a light breakfaiz. Blgod gsm-
ples were collecred from the antecnbital vein just before
and 1,2, 3,4, 6, 8, 10, 12, 24, 28,32, 48, 52, 56,72, 76,
80 and 96 br after the drug intake, |

mzmemphmdlmnmbdbydu
numbers 1 and 2 respectively.

One ml of plasma was diluted with 0.5 ml of water and .
then extracted twice with 4 ml of dicthylether. The ether*

phases were evaporated, and the risidue was redissolved
in 3 ml of a mixture of hexane/ethanol (10 : 4), After the

! Paper poisiuard at the 2nd Symposium on Clinical Pharmacniogy,
Pospad, Pelacd, May 6-7, 1977. -

Iut. J. clin. Fmaoml. 16 (1978), 377-379 (Na. 1)

ine saceples that wery different in
i s capenios. The
nlhnanutﬁulnmnl.l‘l-w-dhad the following 96 b
was perfiormed brp Squid chromesography. By thee areng under the

ll.:.

addition of distilled water (200 ul) and shaking for 10
min, the hexane phase wue discarded and the edhannl-

*water phase evaporzted to drynexs. The residne was

redissolved in » smitable volume of acetone for gas
chramarographiz determination, Dinzcpan wes added
to the solvent as a volume standard. Plasma containing
known' amoonn of carbamgzepine was maed for the
determination of the calibration curves for each st of
samples. ’

The analysis was carried out on a Varign gas chromato-
graph 2740 equipped with a flame jonization detector.
Column packing was $% QV 17 on Varaport 30 in 2 3-f
giase cohmon of 2 mny inner diameter. The carrier gas
waa nitrogen with a flow cate of 25 ml/min. The temper-
atures were cohun, 220°C; injector, 250°C; unddem-
tor, 300°C.

Thermal disinregration of carbamazepine to iminossil-
bene was not observed under these conditions.

All the samples were made in duplicates. The standard
deviarion was 10%.

The calculation of i sreas poder the concentration
ume curves (AUC) was performed by the mapezoidal
rule on & table calculator (Fewletr-Packard, type 9820
A, progmam Mode! 20, Math. pac. [II-5). -

Remulty . .

The carbamazepine plasms levels of the three subjecta A,
B and C are shown in Figure 1. There are interindividual
differences i the half-life times, but there sre no statisti-
cally significant differences {p <0.05) for each single’
subjecr (paired rzst [1]). :

* The half-life times (Tahle 1} calculated from the termi-

nul slope (24-96 hr) agree with the dats reported in the

liccramyre [2, 4, 6]

- . 3”
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" Figure 1. Plasma concentrations of carbamazepine in 3 beakthy volun- -

s fallowing orsl deminlsrarion of 400 g ench of carbamazeplne
a1l

Subjerx Hali-lfe ttmes [ler]
carbam. 1 m 2
A 20.8 ' 24.)
B kI ¢ 3éa
c 135 . 31

Tabie 1. Wﬂhﬂ&mduﬁmlﬂ!ml .

veluntrers followiog oral administration of 400 mg.

Schiet  AUCHgXirxmi]  Ral biosvadubilty
carbam. 1 asbem.2  of carbamesepios

A 108 154 &%

B 143 198 2%

c 17 76 @a%

Table 1. The relarive bioavailability and the aresp under the plasms
Mnlmmhuﬂmdm"ﬂ
arhmphnllnduhmﬂml

The arca under the AUC was raken as representative of
the bioaveilable amount of the drug. The calculated
AUCs are presenred in Table 2. The relative bioavailabil-
ity of carbamazepine 1 was found to be approximately
70% of carbamazeping 2 in all 3 volusteers (p<0.05).

The mean values of the carbamazepine plasme fevelaare

. *.. . depicted in linear scales in Figore 2. As one can see, the
[} «prestex AUC of casbamazepine 2 is caused oaly by 2
| 3 . .

.cffect.
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Figare 3. Disuibudon of partice stres of carbamezepine 1 sad ar-
bamsrepine 1.

longer ruolplilm- time., The peak concentrarions are
nearly the same. .
The dimribution of the particde sizes of the car

bamaxepine samples was detesimined by a set of sieves.
The resulrs are shown in Figure 3.

Discassion .

Ithas become evident in recent years that the gastrointes-
tinal absorption of drugs is dependent on verious fac-
e, The dissalurion rate is an impoctent factor, espec-
ially for dregs of 2 low aquecouns solubility, which inflo-
ences the bioavailability (5]. However, the shorr disin-
ugnuonuuofnblmornpulawmbedabwu )

We ﬁnnd:hnrbmnﬂab:lnyofa:hmqml in
each of the 3 subjects. This teuﬂtouu!dmtbenmdhy

Iy }. din. Pharmacol. 16 (1978), 377-379 (No. 1)
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mdocton of the carbamgzepine mesabolism because the
expenmients were carned out 1n 4 crossover study and
the halfife umes were not changed.

But there war a different dusribution of partcie smes.
Carbamszepine 1 has only a relatvely small vanstonin
particle szes, whereas carhamezepme 2 conmsts of part-
cles with very different drameters. From ths pomt of
vicw, one meght cxpect that carbamazepine 1 will be
dissolved and absorbed rather qmckly and more com-
pletely than carbamarepine 2. Butin practice we found s
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SUMMARY cles having a lemer diamater and 80% e of erthical mmportance in gastrom-
was in the form of particles havinga  testinal absorption end subsequent
study involving ﬁetnpm.'?:- tnl:f;

In a saparsts 20
Merno weanar sheep mfectnd with disselntion rate phenomanon.

m the £36% sumpenmion dosage form  hoiton s 2 factor m the offi-
(90% particies < 10 ym) at a domng mqiww and some
rate of 5 mg/ky. A corralstion was  gthar bensimidascls dertvatives as an-
found between its anthelniye activ- thelmmtics in romnants

ity and plasma area valoss when com- 'l‘hspu-ponofﬂup:.ntundy

l'hdlf dengn, oxfendasole tions, and absorption charactenstics,
_unmﬂﬁﬂwﬁh;uvm thus indicxtmg thet oxfendamle’s ab-  Materials and Methods

Plaama-vaine messurements were 50TPtion could be dissalution-rate Bm Three lote of the drug scbetance with
fous blcawvailabilty studies. Plasmas surfacs areas wers prepared by using ap-
ares ; thet propuiate techniques amdl were incorpo-

¥ on reted lnto sspersion dossge fiarm. Oxfan-
C (dw = 120 gm) was mgraficantly (P dasnle dlssolution rates were wxamined m
< 0.06) leas-tnogveilshle than was sas- 5-(phecylsl- tha finished stuspenslons. Wm
panmon A (dw = L8G ym), there was finyl)-1H-benzimdazal-2-y) carba- u,d,whwm :.ﬂylnllllll
oo difference suspension A mgia i @ m- &hamm the mepension
and suspenmon B. Shguficant differ-  tended for oral use in a vanety of form wae adminkteed to 13-
mﬂmmtunmhmhﬁmlhﬂ- T nmm :;:homﬂn:g

maximum plsama concentra- cattle. bean offee-  worm-fres and subsequantly mfected

tions, tive against a broad range of nema- H confortus laxves. Plasma oxfmdasols

sheep

countmg) at winch 60% of the oxfen- 1a worm counts with the geametrk mmean
dazole mass was m the form of part- g.ﬂ.llliwlhw The h: coxnt In the eantrul sheep.

Ewceived Subslanos

B, | o oy e o e e
e e s, i, od  scluble drugs, such engriseolulvin, can S waght e
“mcmm“mmm {(dw; m microns) were mannfscinred &
g Tt iy TR PRI o oy s e follows: Iot A of axfendemle was propared
Inck for bucimical seslsivncn. duts, Syntes Bumereh, Falo Alio, Calll. . by milling & batch of axfendendle drog
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A3 TABLE 11 -Rolaiionshin Amang Pariicle Bive; In VErd Diesohuion Patier Qein Perceniage Disscived fummh\-m*
= Osdesiaxoly Syspensions

“ - aray -

- Disanlption parosstages® st varkem thne ntervals
N P ~ Oshoduls rew muberial

i) EI:
P 1~ = 7 Tw Ta Porreir g
A w 43812 + D.0S4D M348 M1l s13102 485200 ey -
B 2ANRS & 0.0M9 T sLaad MIxLs 7 =
c T 21548 & 0.0097 T YT as=ey ey LINLED ¥ i
%At P 005, (a) Az all s points, snpmsin A wes digaificeasly et from sparsion B end smpesios C, sud (3 B v ‘ «
muﬁ--mGlT;dT.fM:;m-ﬂlam-_mH—*hﬂ—l_ﬁrn ‘ 11 E
E *
:i ; i
TABLE a—un-sqmnmmh. x
~ sign for Oxtendazole Biosvaliahilty Trial L !
1004 5 — Padod of sty* ‘51' x
/a‘ -~ Shesp No. I n m v ¥
1 D B A c
“ 3 B A C D
3 A € D B
iy 4 cC D B A
3 / s D B A C
- ¢t gl
3 H c D B A
i é » D B A c
~ 10 B A C D
g 1 A L D B
1 c D B A
g i i Pt |
‘ s 3rd doss sdicisration, 4 weaks later: sod pariad IV
= 4th dose edmicistration, § wesks Ister
20 - oxfandesnlel;
a F
E
a
E / A Suspanuion A
3 suspension &
1 O Sumutong tie showp on day 36 of the infectam, the {1 e
afficacy of the axfendasoletn |
{ndividoal sheep was detarmmined by com- |4
T - T T partson of worm counts with the geomnetyic | -
@ 2 10 20 20 mean count in the § control sheep. .
DISSOLUTION inutes)
= Resutts and Discussion 5
3—Comparison between disachuion ris of 3 oxtendazole suspensions. Higtograms m Figure 4 mducxied
‘t that the mucronized matenal (lot A) s
memdlqdyg;?)dpﬁ
the best fitting exponemtial docay curve frea of ndventibous paramte mfec-  Gries with dismeters pn.
for each sheep. Statistical snalyss of thess E:Atmmmmum.udm millsd material -(lot B} wes mtsrme-
vahues was performed as compar-  gheep were drenched with cxfends-  dhabe between the mcronived and the
Isona; weing Duncan’s wmlipls range test at the ruie of 5 mg/kg of  coarse materisls (lot C) The dw val
ut P < 0.08 (Tablo body The drag substance included  yay reflected thw rank order (Fig 2 |t
" mm‘?ﬁhﬂﬂ'ﬁ; Tehle 1) Particle szs dmixibation of |1
Efficacy  Study partlss == obeyed nosmoal
gzm.ﬂmmﬁu memﬁﬂ-m lots A and B f:ml?ﬂ‘lﬁlﬂ i
weaner mn?hdwlth Plasna oxfmdssols concenirations were o oeu onthllg
larvas” end ware mgintained m concrets ?NTEZR, CSIRO Ammukele, NSW, Ansnla.  Ability graph in 2 Lot m‘ jFg 5—A

l
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in vitro dissolution rtes

_ﬁundmba high gk
p:mntmstmcn,xtmdum

pare lots A, B, and C and the carre §

mmpensions A, B, and C. I

encea were noticed.

Inﬂmlheepblnequ.xvnlmmdy._
at 1 hour, the averags plaama concen- i
mdonobsnrvedlﬁaldwofm

wuapension C (coarse). At 8 bour, the
lvaragnplamnulmmlomfm'
sospension B and was significmtly
differant from those for suspensions A
and C. Howevar, at 24 hoars, plasma
values for suspension C were Lowest
emong the 3 sons. There was
a ogpificant di betwosn aus-
pensions A and C. These diffarences
disappeared during tha subsequant
ﬁn)o—pon:t AARUITEINATITE.

The sverugs peak Cu, ranged
ﬁumﬂﬁ?n;{mldbumcm

" and ‘thase wers significantly di

from sespension B (21.0 hours). The
total Auc ranged from 21,210 ng/ml
¥ hour for suspension € to 25,320 ng/
ml X hour for sxspension A; a statie-
tice] diffsrence was detactad between
suspensions A and C. Therefors, sus-
pension C was considered as signif:
cantly lees bicavallahle than was sus-

peneson A, whereas suspensions A and
simdlar. -
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dividoal sheep (Fig 8). Th
ther confmed in a separute study by
‘Anderson et alt

* Andewon N; Laly RH, Prichard BE, =
Comolled relssse of ynthalminis droge A new con-
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Molecniar ircnprmingy 38 (2005) 10611063

Molecular
Immunology

[

PERGAMON

Impact of phys-ical properties of formulations on bioavailability of .
active substance. current and novel drugs with cyclosporine
T. Andrysek

muwfm-‘m“dtm
. Ostryresha 25, 747 79 Opava B, Conch Rypublic

“hhhpnnhdnﬂlﬂllﬂmhnhnhwh

ﬁﬂltpﬂkhlhldﬂﬁbﬂﬂldhrdquudhLOQImunnnﬂunuﬂgonth-dmhmuutqﬂhm-hnluﬁnnlhqnmnlu
" dﬂlhﬂlﬂ_h‘hﬂlﬁﬂﬂl‘nm

that smaller is beiter md by this principle bridged liquid based dosage forms with solld dosage forma. Bicavallabllity of novel drog dalivery
system which gives cosrse dispendoa with verage pacticls size between 1-150 jun when dicpacssd have been tested on heslitry volorttesry.

45

4%

No diffience among pharmacckinctic pasameters af novel drug dellvery system ind microsmulsion system beve bocn obsorved in splio
of fact that average paxticia sixo of novel system is ahoost 1000 bigges.

© 2003 Elsevier Sciesice Lid. ANl righes reservad.

mmwu—mmﬂuqmum

L Intreduction

contalning dosye forms were introduced
for use in transplaniations two decades ago, and arc the ba-
#a of most immunompprossive protocols aficr solid angen
trenpleniation (Kshan, 1989). Pirysico-chemical propertize
of cyclaaporine does not allowed Sormwnists coly simple
pnpuihnﬁunnlltmdnu&n.htﬁmnﬂnph.nt

velopment of énal dosage forms bearing in minds demands
on sxfs, reproducibls and cheap therapeutics with adequate
patient campliance. .

Scft gelatine cageniles and oml solurions are widely osed
* forros: for anl administration, but this chencteristic does
not allowed to distingnish different behaviours of paticuler
formuiations, expecially in torm of blogvailability.

When ana lboks oo cyclosporine dosage forms fom his-
wxrical perspective some general conclusions seams to be
obiviows. The fiou registered dosage form with eyclosporios
(Sllllnnnllm. Novartia, Switxerland) was designed ms sn

emulsion precoheeamrate. Camrent brand laader formulation
(NeotaI®, Novartis, Switzerdand) 1 in form of microemul-
xion preconcentrite and was laonched on the market mors

than 10 years afier the finst one. Significent improvement
of trostment efficacy (Pollard et al., 1999) axd bicavallabil-
ity (Roessler et al, 1998) with Neara!® was reportod. This

was cosperted with microcmmlsion cheracter
of administered drog (Hirchinaon et al, 1996; Venderschde
and Melner, 1994:m¢u.. IM).MII-M

twoon now type of forrmalstion and wicuemalion typo for-
mmiation was pesformed.

2. Experimental

Pilot bloequivalecy stdy om 12 heabihy vohmteses (dons
in Phoenix Int Life Sclences. Monireal) was simed o
comparison of bloavailability of two different formmistion
in foon of soft gelatine capsule conteining 100mg of ¢y-
clospoeing (formulations: A, GEM10); snd B, GEM304);
giving digpemion within tic muge of 1-130pm with
Neors!® 100 mg capsules (formulation C). Consequently,
vissmlisation 'of novel dmg delivery sysam and precise
evaluation of particle size distribution were doge.

0161-5800XTVS — scorfmnt mency © 2008 Hlmyler Balenos Lul All sighes reaerved.

doiz10.1016/50161-S90RT)0007T-4
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Fig 1. Pactomicrogragh of gl basd axmision (XIRAGL

Based on the visml clwervatidn the novel systcm was
dmhnnﬂhdumhlm(m Its photmicro-
ﬁlﬂlhlhmilﬁl.l

2.1. Bioeguivalynce study design

"This apon-label, candomized three-period aotsover stady
wa dosigoned for 13 cmcagien healthy mals wohmbeers,

within 1843 yeer of age and body weight + 10% of ideal -

ane. The test medicstions and the refevence rondication
‘wers 10'be administered in rendomised sequence s singlo

200 my cyclosparine {two capsulse of 100wg). The durs-
tion of the washout period between treatments was  be at
lexst 7 days. In cach study period, 14 blood samples wers
t0 bo taken befiws administmation and 20, 40, 60 min, and
152 25,3, 4,5 6 5, 12 oxi 24} after xiministration.
Adverse svents wes © be monimced during the catisn
ndyjhﬁmbbuhmmﬂ-nm‘dnhb
mmmammmm
were o be deep-frozen (—21°C).

Cyclosporine whole hlood concentrations were daser-
minad by mesns of a spesific RIA.

AUCg-oc) 80 oy were defined as the primasy varl-
abls for the evalmation of bloavailability. AUC@-g, fmm:
12, MiTg-¢g, METp-u;), and Prel were sccondmry
varisblen.

From the concentratipo-time data of the parent coni-

Mduplunmhnﬂ:mmbhm

¥d L900-2.2-618

mined for each individual dataget bry mears of noo-corapisnt-

Coam B0l &, wreve 1o be takzn recily from the obaarved
concentration-time dain. The elimination mie constaint (k)
was 1 be calcslaind by log-iinear loxst squeres rogression
analysiv of the wrminal part of the plasma oonceniration-

time carve. The asos wnder ths concontration-time curve |

(Alﬂn-u)muhwmnhmm
concentration-tme paint () by e Moser tapexaidal rule.
Extmpolation t0 Infinity (AUCo-s, AUCg-y0n) Was W0 be
done by dividing the last observed concentration by the ko~
Ination s constant.

22 Swxtiicel analysis
Arithmetio mesns, stasdard deviations, snd medisns weze

30 be caicnlited for concenmraion~fime damm.

FOf Smey and £1/2, arithmetic mesna, standand doviations,
md 93%-confidencs intervals for mosms wexe 10 bo calco-
mm&.m,m.d’ﬂ-w
means, standard deviations, md 93%-confidence instrvals
for means wen to e cuiculstnd.

The puimacy variables ATRCp-oc) 400 Con, after loga~
rithmic tnsforination, were 10 be stiljected to an ANOVA
with the factors subject, formulation and period. For the
esshmtion of bloegaivalencs, 90%-confidencs jotervals ware
accapied blooquivaisiace ranges were

_ (0.80-129) for AUCS and (0:70-147) for Cpau, respec-

1900-222(618)

thvely.
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“Table 1
Sty of plecmecokdinatic dus .
Parexmmes n2m o W) Cam (og/al) Al gy (og ) AUC-ea) (ngbimi)
Formalstion A
Afidurwrie mean M 1.3 me 40113 406105
S0 13 an ®Lo 10458 136157
Commctric xcan & 13 11204 o8 11288
| Vor— A0S 1 2081 | 053 m7LST
Maximun Y] 1 15003 6076 P
Formulation B .
Arkhmetic mem &4 L5 11560 “nIs 40656
an. 13 e =1 s 14313
Coumuttle coen T Lo 116184 a%is AT
Mixn an H UL o0sE n5L0
Maziceom 0 y 14 ins ans.3 SoeLIS
Formulsiion Cfrofienes
Aribowsdc mess al13 133 135893 Snm pro e
an. ) - 03 00 139941 14308
Oeomesric ;e m 13 1519 7 £X8.33
Mzt 1 1 aa? 5.0 men
Muximem 0 ] 1059 008 609
Tiln2 -
Lower 90%-enafiduncs it Point aslomie Upper 90%-cunfilencs Bl
A gl Form Afmforoms: a9 100 08 ..
Foam Bialeranes om am 1§
AlCg-o Foom AAsfecence o La0 109
. Form B/lwronce o7 . T
[ Porm Afefarenee Qa0 Lm Lié
Foon BAsfissace o [ 1 ] 1m

13 P'humﬂluk and blonpiivalancy date

mmdm dats is shown in tha
Tabis 1.

mmuum.mnywm
tion effect for all three varishieg unil a significest pertod of-
fect fix AEICm-—gq) and Al (g (P < 0.0). For the AIKC-
uc_mhmzmmmm
aod point estimases.

2.4. Porticls size evalsation

Mastrsizer Micro, vasios 2.18 (Malvern Instroments
Lul), pvaluated particle slze dptbations of novel GEM
formulntions. Fig. 2 shows hiwograns of particis size M-
wibution of formmistion A (GHM101) and formulation B

(GEM3D4). Effective dianeter of formulstion A (. B)

:_ deduced from histogran was 92.05 um (3623 wm),

3 Discamion

This stndy was performed in 2 population of yomg
.hﬂmvnh(lﬁﬂml)mdh;mhmnhﬂm

2L/S d  1900-222-618

Protoeol. The study medicstions sppeared to be safe'and
well toleraied,
‘This clinical stly showed (hat formmulations A aad B mect
exiteria fur bicequivalency with refierence forsmlasion C.
Comparisen of effective slze of particies crosind aftor dis-
pesgation ao the other hand showed that fornmiztions A sad
B give approsimetely 1000 thxms Loger particles then ref-
enoncs fammiation C ) :
These findings Imserfere with proviows comcept thar
rumller s bhetter.
Nevertheles, impeovemonts in bisavallability which con-

L900-22£(618)

soquent. on hetter abilitios bealdes to NeoraI®
(a.g. giving umaller perticles after edministrmtion) was de-
poribed with Consnpras® (cnmilsion giving formulafion:
Galana, Coech Rapublic; Noblo and Markham, 1995) sxd
SmgCya® (microdispersion giving formwlation; SangSt,
USA; Duchin, 1997; Canafax ot al, 1999). Semxnary of
svecage particle sias of mantioned cyclosporine containing
foomulations i given in the Table 3 (afopted) (Andrisck,
2000).

Meantime, hinfarmacentica]l expedmensy focssed om
camolation between pesticle sise diserition snd bioavail-

ability on dogs were condncwod. Those experiments showed
that the same tmpeeved biosvallability % achicvable with

£5:51
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mllvmlpmhhlbdllﬂhﬂunnmm

range (Andrsek et al, 1998). Consequently, no cxrrelation
between particls sixs dlattibution resp. moleculsr welgtx of

hggrepation and bloavailahility was observed when modal -

. miorodispersed systems. with 141 nm (309 and 1001 xm)
average sizp of purticles wers evalusted (Andrfeek and
Ptriik, 1999).

Mmmhﬁphhpﬂnbdﬂmh
pexticlo sizo distritantion Is not the cracial polat for bioavail-
ability of ydrophobic drogs Hics cyclosparive fmen solution

basel systame. The reason for good bissveilability of oy-
claaparine form GEM could be scca in two different factor:

1. Physical—in iplte the fact that GEM dispersion is ruthiér
coarse it has Giffesent properties comparing 10 eomiior; .
the physical reason for that could be ssen in ability to
mwmh’ﬂnhhﬂ-ﬂ'lﬂn
intestine. end adhcre iato the intestinal wall—thas could
be ensure sufficlent timo and concentration gradient for
sbayption of cyclosporiae. .
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RIT. dismeter () cve -
Semnaamd® ' i . 6L
Coosepras® L 3
Cyulosporine eps (HON Lak) [T ur -
oqnl'q-q' o 193

— =
o 129
Eif. dawetsr, alfsctivo dianster; CVS, cosiliclant of vafsdon “‘sﬂ.
oﬂmw"ﬂ#w Lalbw-
'munﬂ;ﬂ—-mmmru
cormbany (Bevokbeves Ioe) with argon 314 mm taser (Losed Tager fon)

2. Masbolitm—all mentioned drogs and formulation with
. ¢yclosporine oontain non-ionle surfactant which proba-
bly cmn sffect permestion or absorption of cyclosporine
"The sffarts of cxcipieats on drug bioavallability have beea
documented since the carly 1990s. It was descxibed that sur-
that way increase permeshilily through the tatestinal wall
(Swemaon et al; 1994). Disroption of the callnlar tight junc-
tlon is inother poseatial sffect of exsipi

e il, 1999). Not only smxfactents but also polyethyicae gly-
col 300 was reportod as MDR 1 inkibitor with effact on
mombrane fuidity.

CYPAA4 activity is also modified by exoipisats. Different

L900-222(618) 00=91
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KEoweik, LM, Mnlle; A, Num, D, 1996 Clinieal of
a gycicspories ssicroosmision tn ssplecagtion. Therjs. Doag Moxdt.

Rea 11 (M), 11521142
Yomladher, J. Mclnmet, A, 1994, Rasioosls for the dovelopm of
Sandhtomme Nosral Tooaspiast Proc. 26, 2903-2917. '
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Short communication -

Nanospheres of cyclosporin A: poor oral absorption in dogs

J. Ford®, J. Woclfe®, A.T. Florence **

* Schou! of Plarmocy, Univarsiry of Landon, 29-39 Bravwick Square, Landos WCIN IAX, UK
® Norion Hecithcars, Gewinl Homtr, Flex Mondrw, Barlew, Bsvex CM19 3TI, UR

Reoeived 18 Dby 1998; accoptod 14 Janoary 1999

Adstract

wadunndﬂnudcqﬂumA(CYA)ud-hbmthmmﬂ-mmd-wmm
Mmmumhmmwmmmmmw
lhormln gastrointestinal tract. In this sudy, cyclosporin A nancepheres wem prepamd by
precipitation in an aqueons surfiactant solution. The particls smtrix consies of the drug itwifl. Dmg was dissolved in

mwmmmmmmﬂnnrpmmmmw-ﬂnmmm
acotone was

MWA;NMWMMR—

The formmiation of the immunosupprossant
hsqduporhA(CYA)fnruﬂwmhl
conalderabls challenge s it is”
mwlut(lmilolull. lwl)numny

-anwmh;m.rd.- +4171-TTIN19; B + 44-
IN-837002.

E-mall address: 3.\ Sorssooiipdecp. so.nk (A.T: Floronos)

accepted that it cannot be absorbed following oral

administration onless it is first solubilised in gas-
‘tro-Intestinal (GI) finide By appropriato emcipi-

ents. [n this study the shworption of CYA from
nanospheres comprising only the drug itself was
investigated. Such particles might bo absorbed

intact across the gut wall and avoid pro-systemic

. G37T85173/95/S - meo frout matter © 1999 Elsovier Sclawy BV. Al rights resceved.

FIL: 50378-5173(99)00049-§
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Extremely hydrophobic drgs snch as CYA can
be made to form such particles using a precipita-
tion techniquc as reported by GaBmann et al.
(1994). Drug is dissolved in un organic solvent
and mixed repidly with an aqueous solution of
surfactant stabilisers to give a colloida] precipitate
of sphetichl particles. CYA nanospheres were pro-
duced using & similar technique. The absorption
charactevistics of CYA from the colloidal precipi-
tate were assessed in dogs and compared to those
of the Neoral® microemulsion formuiation.

Particle size has been shown to be an impartant
fmmthnextnntofnblorptmofm

|phuuna'o-ﬂie5utwa]l(l?lm
and Jani, 1993). Attempts were therefore made to
control the diameter of the CYA nanospberes by
varying production conditions.

. CYA (purity 99.6%) was obtained from Galena
(Crech Republic). All organic sofvents used were
high performancs liquid ahromatography (FIPLC)
grade and purchased from Fisher (UK). Polysor-
bate 80 was obtainsd from Fluka (UK) and
sodium dodecy] sulphate (SDS) from BDH (UK).
Doubls de-iomised water was used thyoaghout,
Neoral® was obtained from Sandoz (UK).

CYA nanospheres were prepared by -quickly
adding a solution of CYA in acetone through 4

ml of an aqueous gurfactant solution in & glass -

vigl via a micropipetts. A non-ionic (polysorbate
80) and an iopis surfactent (SDS) were used to
stabilim: nanospheres by steric and electrostatic
mechsnisms, respectively. The surfactant solution
wulurrednpadlym;nmhcbudurmg
addition of the CYA solution. Acetone wus evep-
orated under vacuum st §0°C in & rotary evapora-
tor at constanf speed for § min then under a
steady stream of nitrogen for 2 min. Vacuum
pmnn, rotury speed, nitrogem flow-rets end
SDS concentration (0.01% w/v) were kept con-
mtfmeaehuuhofmmmhmpmdmd.
The quantities of cither CYA, polysorbate 80
or acetone were varied in turn to investigate Lthe
influence of these components
ameter (formuladons A-G; Table 1). Where the
quantity of acetonc was increased to 1 ml, the
time of evaparation was increased to § min 1o
ensuve complete removal of the solvent.

eL/at d L900-222-618

upon particle di- -

1900-244(5618)

e

- The morphology of CYA nanospheres were
assexped by scanning electron microscopy (SEM).
A small quantity of the¢ nanospherv suspension
was dried and put on to an SEM stub using

- carbon adbesive ‘discs and transferred  to an

Emitech K550 sputter-coater. The sample was
gold-coated for 3 min at 30 mA and then viewed
and photographed under a Philips X1.20 scanning
clectron microscope.
mz-lwdmﬂ:ndpolydupulhyof
each batch of CYA nandspheres was determined
by photon corielation spectroscopy (PCS) using'a
Zotasizer 3000 (Malvern Instruments, Malvern, .
UK) equipped with s fized angie 10 mW helium-—
neon Iaser opatated at 633 om. Particle sizé was
measured immediately ‘after production and also
after storage et room temperature for 24 h.
The oral absorption of CYA from nanospheres
produced as described above was compared to
that of Ncoral® in two groups of five to ten male
beagle dogs (11-16 kg). Bach formulation was
diluted to & constant volume of S ml with water
immediately before administration and given at a
dosuge of 100 mg CYA/dog as a single oral dose.
The nanospheres were made using 50 mg polysor-
bate 80 and 200 pug SDS/dose and had s Z-aver-
age diameter of 394+35 om. Serial blood
-mpl-anﬂ)wethenukmﬁmthzmm
hn]vunuptomhpolt-dolemdmndmth
cthylene-diaminé tetra-acetic acid as anticoagu-
lant. A polyclonal antibody radicimmuncassay
kit wns used to determine CYA concentrations in

Table 1

. Quantitios of swmring mateish weed in  oamcsphese
formulations®

Acotore (i) Polyscabate
20 N wh)

0.5 15
ts 15
65 - . 1§
025 1.3
1 1S
03 05
05 . 15

Formplation CVA (og)

oEuEmOUOW>
gREnanG

® Sodium dodesyl sulphate (SDS) was included in all formu-
Iations ‘st 0.01% wiv. The voloms of aqueons phase was also
kopt oonstant ot 4 ml

20:9L ¥2-%0-%002
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whole blood (Immunotech, Czech Republic). The
bioavuilability of each formulation was compared
by cakmlating the area under the blood concentra-
tion—time curve (AUC) wsing the log-trapezoidal
{ Cunaa) rcachcd and the time take to echieve C,,,
(T\mz) Were also determined for CY A nanospheres
and the Necral® microenmlsion.

SEM revealed that CYA precipitated as submi-
cron spherical particles using the above method. )
When the quentities of starting were varied in —t—t——
turn independently, PCS indicated that the quan- L N 0
“tity of CYA and the vohmne ratio of the organic .
phase to the squegus phuse were the chisf deter- )
minants- of pacticle size (Fig. 1). Fig. 2 shows
SEM micrographs of CYA nanospheres produced . @ M1

%)
e
14

2L ECEEE

1
using different component proportions to give .y 0e
nanospheres of diameter 352 and 824 nm as detex- 05
mined by PCS. The: lafter were produced by 400 ﬂ
simultaneously increasing the volume ‘of acctone o5
and quantity.of CYA uaed. Within the range of prd
quantitiss of each component used it was found 200 a3
that the polysorbate 80 concentrution could be o2
varied between 0.5 and 2.5% wjv with Httle effect bl | as
upon sire. Polydispersity ranged from 0.1 to 0.5 o } } : fd
and ‘tended to incresse ilightly upon storage. 200 400 @00 0 1000
Howcver, chenging the component quantities did - Anstons {yh)
notruu!tmuyhmdmthspanmm(ﬁg.l)

In all baiches of sizz increased
mpidly in the 24 h poriod following production
(11-32% increase). ’ (un 407 1
Ora!l absarption studies in dogs showed thut ) ot
CYA ould be absorbed from nanospheres but 300 4 . T oe
the extent of absorption was markeily leas than 200 + +0.7
Neoral®. CYA biogvailability from the nsno- 200 | ::
sphere formulation was only 3%, based on com- E T - o4
parison of AUC values for namospheres and 188 1 - . 03
Neoral®. The maximem concentrations achieved 1w T . 0.2
also showed considerable variability compared to 80 r I """" F SLTP - 0.1
Neoral® (Table 2). CYA blood concentrations s gy ————+ @
from the nanosphere suspension declined slowly ‘08 18 285
untl approzimately 11 h post-dose, when & sec- Polyserbate 86 Conseniration (% wi)

ondary rise in blood concentration was seen. This

ey bave been éue 1o deeyd nasocnion of mmmm$MAwm
CYA into the bloodstream from nanosphere ‘de-

pots’ in the Intestinal mucoss or the mesenteric d.upoh: the mean of tron batches
lymphatic systam. The Jow bicavailability seen mmm

might also be due to the anionic charge conferred

eL/LL d ' 1900-242-618 L900-224(618) - 2091 $2-2£0-%002
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(i)

(ii)

ﬁgzmmmmpluurqdqmnA(CYA)mnmhnum&mhw&mdmmmud&i)

mmn.

Tabio 3

WMMWA(CYA}nlnaphu.;nlel‘jmmdn’nlindnm]hd‘IWnﬁCYA'

AUC (o3 b/ml) [nitial C,., (ng/ml) Tom )
CYA pancaplmres 351 20%)° 25 (58%)" 232 3R
Neora[* microemulbsion 12 790 (16%) 1639 (2% 18 (™%
* Relaiive standard deviations are shown in brackety,
"a=i
" 10.
to the particles by the SDS used in the formula-
tion, since association of the aphere to the nega-
tivdy-charged surface of the intestinal mucoss

might be hindered.

In omclusion, therefore, CYA can casily be
formulated a3 nanospherea even in the absence of
particle-foeming  polymers. Particle size can be
controlied simply by changing the quantity of the
drug itssdf and other components used in the
production of such nanospheres. However, the
ability of thiz system to facilitate oral absorption
of CYA in dogs was poor compared to an offi-
cently-absorbed microemulsion formulation.

ZL/el d L900-244-618
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