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EXPEDIENTE 05 117551A

PATENTE DERIVADOS DE CARBOSTIRILO Y ESTABILIZANTES
DEL ESTADO DE ANIMO PARA TRATAR
TRASTORNOS DEL MISMO.

CLASE AB1K31/19; AB1K31/47; A61K31/497, A61P25/24

SOLICITANTE OTSUKA PHARMACEUTICAL CO., LTD.

TRAMITE PATENTE

EVENTO REGISTRO

ACTUACION RECURSO DE REPOSICION

RESOLUCION No. 79480 DE DICIEMBRE 30 DE 2011

El suscrito GERMAN A. CUBILLOS MENDOZA, abogado en ejercicio, con C.C. N°
19°397.479 de Bogota y T.P. N° 38.422 del C. S. de la J. actuando en mi calidad de
apoderado de la sociedad OTSUKA PHARMACEUTICAL CO., LTD., sociedad
domiciliada en Tokio, Japén, por el presente y dentro del término legal interpongo el
recurso de reposicion contra la Resolucion de la referencia, por medio de la cual se
niega la patente de invencién del rubro, a fin de que se revoque y en su lugar se
conceda el privilegio de la patente de invencién, de conformidad con los siguientes

1. Aripiprazol como un antipsicético atipico

Como se explica mas detalladamente a continuacion, el aripiprazol pertenece a
una nueva generacidbn de antipsicoticos atipicos y cuenta con un perfil

farmacolégico totalmente distinto al de los antipsicéticos atipicos conocidos
anteriormente.
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1.1.

1.2.

Por lo tanto, el experto en la materia no esperaria que los antipsicéticos atipicos
utilizados en el estado de la técnica podrian ser reemplazados por el aripiprazol.
Sobre esta cuestion se hace referencia en los Anexos 1-3. Estos documentos se
publican después de la fecha de prioridad de la presente solicitud, aunque como
articulos de resefia, ambos confirman las propiedades farmacoldgicas de los
antipsicdticos atipicos, y reflejan el conocimiento que sobre la materia tienen los
expertos.

El Anexo 1 (lgbal, Rinsho Seishin Yakuri (Japanese Journal of Clinical
Psychopharmacology) , Volumen. 9, No. 12, paginas 2503-2511 (2006)), Revista
Japonesa de Psicopatologia Clinica, es un articulo de resefia sobre el aripiprazol.
También se adjunta la traduccion al inglés de los capitulos Il y Il

La olanzapina, clozapina, risperidona, ziprasidona y quetiapina pertenecen a la
segunda generacion de antipsicéticos atipicos (ver capitulo Il), mientras que el
aripiprazol es el primero de la tercera generacién de antipsicoticos atipicos (ver
capitulo llI).

Tal como se muestra en la tabla 1, el perfil de los efectos farmacoldgicos del
aripiprazol es totalmente distinto a los perfiles de la quetiapina, clozapina,
risperidona, ziprasidona y olanzapina, empleados en D2, tal como se observa a
partir de las diferencias de afinidad de unién a receptores (partlcularmente con

respecto al receptor 5-HT1a).

En el Anexo 2 (Farah, A., "Primary Care Companion J Clin. Psychiatry 7" (6),
paginas 268-269 (2005)), la seccion "Definition of Atypicality” explica que las
categorias de tipico o atipico se basaban originalmente en el grado de riesgo de
sintomas extrapiramidales. Todos los antipsicéticos que se presentaron luego de
la clozapina se clasificaron como atipicos, aunque son distintos unos de otros en
cuanto al mecanismo de accion o afinidad de unién al receptor(ver Gltimo parrafo
de la seccion "Definition of Atypicality"): "A diferencia de medicamentos como los
antipsicoticos convencionales o inhibidores de recaptacién de serotonina, los
antipsicoticos clasificados como atipicos no comparten, ni en un sentido amplio, el
mismo _perfil farmacolégico general de otros miembros de su clase". Ademas, el
capitulo "Aripiprazole” en la pagina 272, explica que el aripiprazol se diferencia de
otros antipsicéticos atipicos como olanzapina, clozapina, risperidona, ziprasidona
0 quetiapina en cuanto a su afinidad a varios receptores y particularmente al
receptor 5-HTa.




1.3 El Anexo 3 (A. Newman-Tancredi et al., Current Opinion in investigational Drugs,
Volimen 8, No. 7 paginas 539-554 (2007)) en la pagina 541, columna izquierda,
lineas 12-20, muestra que la diferencia existente entre los antipsicéticos de tercera
y segunda generacion esta en que los antipsicéticos de tercera generacion tienen
propiedades agonistas parciales de receptor tipo D, y propiedades agonistas
(parciales) 5-HT1a. En la pagina 542, columna izquierda, lineas 9-11, se indica que

el aripiprazol es el primer y Unico agente antipsicético que tiene un agonismo
parcial con receptores tipo D..

Tal como se menciona anteriormente, el aripiprazol se diferencia de otros
antipsicéticos no solo en las propiedades agonistas (parciales) 5-HTqa, sino
también en propiedades agonistas parciales de los receptores tipo D2.

En resumen, los Anexos 1-3 brindan evidencia de que el aripiprazol tiene un perfil
farmacolégico y afinidades de union al receptor diferentes al perfil farmacologico y
a las afinidades de unién de la olanzapina, clozapina, risperidona, ziprasidona o
quetiapina, por lo cual el experto en la materia no esperaria que el aripiprazol
fuera intercambiable con otras drogas antipsicoéticas atipicas.

| 2. La presente solicitud de patente posee Nivel Inventivo.

2.1. Considerando la Prueba Comparativa (Anexo 3) entregada el dia 16 de Noviembre
de 2010 en respuesta al Oficio No. 9533 del 30 de Julio de 2010, el problema que
necesita solucion a partir del estado mas reciente de la técnica, se relaciona con la
provision de combinaciones de drogas mas efectivas para el tratamiento de
trastornos del estado del animo.

2.2. A partir de las combinaciones de técnicas anteriormente difundidas en D2 y D3, el
experto en la materia no esperaria que los antipsicéticos atipicos como la
olanzapina puedan reemplazarse con aripiprazol, ya que los perfiles y propiedades
farmacolégicas son totalmente distintas y no es posible hallar efectos comunes,
que podrian generar expectativas respecto a la posibilidad de que las drogas

pudieran ser intercambiables (ver numeral 2 de este escrito).

2.3. Ademas, los informes experimentales muestran que los sorprendentes avances
surgen de forma sinérgica a partir de la combinacion especifica de aripiprazol con
el estabilizante del estado de animo y que no se esperaba dicho avance
considerando el efecto del aripiprazol tomado aisladamente. Tampoco se



2.4.

3.1

3.2

3.3.

3.4.

3.5.

3.6.

esperaba dicho avance considerando el efecto producido por combinaciones que
estan dentro del estado del estado de la técnica.

En vista de esta situacion, para el experto en la materia no resulta obvio ni se
deriva de manera evidente a partir del documento D2 6 D3, que el uso del
aripiprazol en combinacién con un estabilizante del estado de animo pueda brindar
una combinacion de drogas para el tratamiento de trastornos del estado del animo,
que sea mas efectiva que las combinaciones de drogas descritas segln el estado
de la técnica. En consecuencia, el tema en cuestién de la presente solicitud
implica un nivel inventivo.

La Resoluciéon de la referencia no se encuentra suficientemente motivada para
destruir el nivel inventivo de la presente solicitud de patente.

En D3 sin duda alguna se describe que el aripiprazol tiene actividad agonista
parcial sobre los receptores 5-HTa. Sin embargo, dicha bibliografia no incluye

tales descripciones ni sugerencias, como sefialdé el examinador en el primer
parrafo de la pagina 8 de la Resolucion No. 79480, donde decia que el aripiprazol
es un antipsicético atipico con propiedades similares a la olanzapina, clozapina,
risperidona, quetiapina y demas.

Por el contrario, como ya se dijo en este escrito, el aripiprazol hace parte de una
nueva generacion de antipsicéticos atipicos que tienen un perfil farmacolédgico
completamente distinto al de los antipsicoticos conocidos, entre ellos la
olanzapina, clozapina, risperidona, quetiapina, etc.

El aripiprazol no tiene propiedades similares comunes a los antipsicéticos atipicos
convencionales. A este respecto, todo lo incluido en D3 no es mas que el simple
descubrimiento de que el aripiprazol tiene actividad agonista parcial sobre los
receptores 5-HT 4.

Entretanto, como dio a entender el examinador en referencia a la divulgacion_en
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D3, como el aripiprazol tiene actividad agonista parcial sobre los receptores
9-HTa, el aripiprazol es mas eficaz en el tratamiento de la esquizofrenia y demas
trastornos.

D2, en cambio, describe claramente las diferencias entre los trastornos bipolares y
la esquizofrenia (“Trastorno bipolar es un ... trastorno psicol6gico claramente
diferenciado de los trastornos psicéticos como la esquizofrenia™ (Ver pagina 1,
renglén 36 a la pagina 2, renglén 2).

Ademas, ni D2 ni D3 ensefian o sugieren que la mejora en la eficacia de!
tratamiento de la esquizofrenia en todos los casos implique una mejora en la
eficacia del tratamiento de los trastornos bipolares.




3.7.

3.8.

3.9.

En ese sentido, aunque D2 describe los antipsicéticos atipicos como uno de los
componentes de una composicién, no hay razones para que una persona versada
en la materia sustituya los antipsicoéticos atipicos mencionados por justificada.

Evaluacioén precisa de los efectos logrados por la presente invencion

Consideramos que la evaluaciéon que hace la Resolucion en mencién, de los
efectos logrados por la presente invencioén, es un sinsentido.

En otras palabras, la importancia de los efectos logrados por la presente invencion
radica no s6lo en que la combinacién actual de por si muestra una mayor eficacia
que las otras combinaciones en los trastornos bipolares, sino que un estabilizador

del animo (como el topiramato), el cual no muestra mejora alguna en la eficacia de
otros agentes cuando se combina con dicho agente, excepto cuando se combina
con aripiprazol, caso en el cual la eficacia obtenida solo con la administraciéon del
aripiprazol mejoré significativamente de modo sinérgico.

En otras palabras, el estabilizador del estado de animo puede ayudar a mejorar la
eficacia del aripiprazol, caso diferente a los demas antipsicéticos atipicos.

Siendo més especificos, reafirmamos la siguiente Tabla 1, presentada el dia 16
de Noviembre de 2010 dentro del anexo No. 3 y como respuesta al Oficio No.
9533 del 30 de Julio de 2010.

Como se puede ver, el topiramato muestra actividad sinérgica solamente cuando
se combina con aripiprazol. Basta comparar las cifras en letra cursiva tipo Arial,
(casillas tres, cuatro, cinco y seis) y sus correspondientes cifras en letra tipo
Courier New (casillas siete, ocho, nueve y diez) de la Tabla 1.

Tabla 1. Efectos del tratamiento combinado de cada antipsicético con
topiramato sobre hiperlocomocién inducida por metanfetaminas en ratones

Tratamiento Dosis (mg/kg) | N | Conteo Locomotor durante
60 min
(significa + S.E.M)
Vehiculo 1 + Vehiculo 2 + Vehiculo 2 0+0+0 6 8377 + 997

Vehiculo 1 + Vehiculo 2 + Metanfetamina 0+0+3 6| 159415 = 11256
Aripiprazol + Vehiculo 2 + Metanfetamina 0.1+0+3 |6 15727.7 £ 11414
Olanzapina + Vehiculo 2 + Metanfetamina 02+0+3 | 6| 13049.2 + 1119.6

Clozapina + Vehiculo 2 + Metanfetamina 3+0+3 6| 116868 = 1862.7
Risperidona + Vehiculo 2 + Metanfetamina | 0.01+0+3 |6 | 13844.7 + 1403.8
Aripiprazol + Topiramato + Metanfetamina | 0.1+20+3 |6 | 8270.0 * 20764 ™
Olanzapina + Topiramato + Metanfetamina | 02+20+3 |6 | 13805.8 = 12894
Clozapina + Topiramato + Metanfetamina 3+20+3 |6 14372.2 = 7843
Risperidona + Topiramato + Metanfetamina | 0.01 +20+3 | 6 | 15199.3 = 1071.6




Por lo tanto, consideramos que los efectos logrados por la presente invencion son
tan notables que no se podian prever en la divulgacion en D2 o D3.

3.10. Conclusion sobre el elemento inventivo

3.11.

Como ya se afirmo, consideramos que la presente invencién tiene nivel inventivo
con respecto a las divulgadas en D2 y D3, de manera individual o en conjunto.

En el ejemplo 4, como aparece en la especificacion original, se describe que a los
pacientes (diagnosticados con trastorno bipolar (I o Il), mania aguda, o depresién
bipolar) que tienen una puntuacién en la Escala de Young para la evaluacion de la
Mania (YMRS)(Young Mania Rating Scale) por encima de 24 (pagina 66 de la
Descripcion (igual a folio 72) lineas 18 a 23, se les administr6é aripiprazol o
metabolito de aripiprazol y uno o mas de los estabilizadores del estado de animo, y
como resultado, segun lo indican las mediciones de parametros como el YMRS y
demas mediciones, se observo una normalizacion del estado de animo.

Transcribimos a continuacion el texto referido en pagina 66 de la Descripcion:
trastorno bipolar (I o II), mania aguda o depresién bipolar.

Los pacientes que varian en edad de 18 a 65 afios en quienes se

diagnosticé con trastorno bipolar (I o II), mania aguda ©

depresidn bipolar, fueron evaluados para asegurar que
presentan una escala de calificacidn de mania Young de linea

de base (YMRS) con una calificacién mayor de 24. Unicamente

3.12.Entretanto, a este respecto ha sido establecido, el método de medicion y

evaluacion en la YMRS; es evidente para una persona versada en la materia que
la normalizacién del estado de animo corresponde a la disminucion en la YMRS.

Por tanto, las descripciones mencionadas anteriormente en el presente ejemplo 4
describen con suficiencia que las alternativas pretendidas para la carbamazepina,
lamotrigina, gabapentina y la sal derivada de las mismas, enumeradas en la
presente reivindicacion 1, tienen el mismo efecto combinatorio que la combinacion

de aripiprazol con topiramato que represent6 el experimento ya enviado.

Conforme lo argumentado arriba, consideramos que debe otorgarse patente para
la presente invencion descrita en las reivindicaciones propuestas, por lo que
solicitamos con el debido respeto, otorgar el privilegio de patente a la presente
invencién.
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Por otra parte, notamos que la resolucion de la referencia no se pronuncié sobre la
argumentacion y los anexos que presentamos en nuestro memorial de respuesta
fechado el 4 de noviembre de 2011.

El articulo 59 del Cédigo Contencioso Administrativo, modificado por el art:~G;=momens

Decreto Nacional 2304 de 1989, prevé que:

“Concluido el término para practicar pruebas, y sin necesidad de auto que asi lo
declare, debera proferirse la decision definitiva. Esta se motivara en sus aspectos
de hecho y de derecho, y en los de conveniencia si es del caso. La decisién
resolvera todas las cuestiones que hayan sido planteadas y las que aparezcan con
motivo del recurso, aunque no lo hayan sido antes.”

Lo que quiere decir es que a proposito de la presentacion de los anexos 1, 2, y 3
en el escrito de fecha 4 de noviembre de 2011, que no fueron considerados por la
administracion, lo que impone la norma es una obligacién a la Superintendencia
de Industria y Comercio, Division de Nuevas Creaciones, de decidir sobre todas
las cuestiones planteadas por el peticionario en via gubernativa, incluidas aquéllas
que no hayan sido propuestas por él en instancias anteriores al acto definitivo, que
es objeto de la reclamacion.

En relacién con lo anterior, el Honorable Consejo de Estado, en reiteradas
ocasiones, ha expresado que, dentro las actuaciones administrativas, el
funcionario competente debe hacer observancia de todas las pruebas presentadas
antes de proferirse la decision, cuando estas complementan las previamente
aportadas dentro del término establecido en una norma.

La carga de la prueba en relacién con la afirmacion de que una solicitud de
patente de invencién adolece de nivel inventivo, pertenece al Examinador.

Articulo 18 de la Decision 486
‘Se considerard que una invencion tiene nivel inventivo, si para una

persona del oficio normalmente versada en la materia técnica
correspondiente, esa invencion no hubiese resultado obvia ni se hubiese

derivado de manera evidente del estado de la técnica.”

El Tribunal de Justicia de la Comunidad Andina, en el proceso 36-IP-2010
interpreta entre otros el articulo 18 de la Decision 486.

Apartes de la interpretacion se transcriben a continuacion:

11
(- . .) En este orden de ideas, se puede concluir que una invencién goza de

nivel inventivo cuando a los ojos de un experto medio en el asunto de que se trate,
se necesita algo mas que la simple aplicacion de los conocimientos técnicos en la




materia para llegar a ella, es decir, que de conformidad con el estado de la técnica
el invento no sea consecuencia clara y directa de dicho estado, sino que signifique
un avance o salto cualitativo en la elaboracion de la regla técnica.

El Manual para el Examen de Solicitudes de Patentes de Invencién en las Oficinas
de Propiedad Industrial de los Paises de la Comunidad Andina, determina ciertos
criterios para determinar el nivel inventivo que es importante transcribir:

“Se considera el nivel inventivo como un proceso creativo cuyos
resultados no se deducen del estado de la técnica en forma evidente
para un técnico con conocimientos medios en la materia, en la fecha
de presentacion de la solicitud o de la prioridad reconocida.

La cuestion para el examinador es si la invencion reivindicada es o
no evidente para un técnico en la materia. La existencia o la falta de
cualquier ventaja técnica no es un criterio absoluto para reconocer o

no un nivel inventivo. El examinador no debe determinar qué
"cantidad" de nivel inventivo existe. El nivel inventivo existe o no, no
hay respuestas intermedias.

El examinador no debe basarse en apreciaciones personales; toda
objecion respecto a la falta de nivel inventivo de una invencioén debe
probarse a partir del estado de Ia técnica.

Para juzgar si la invencion definida por las reivindicaciones
realmente se deriva de manera evidente del estado de la técnica,
hay que determinar si carece de nivel inventivo cuando se
consideran las diferencias entre ésta y el estado de la técnica mas
cercano. El examinador tiene la carga de probar que la invencién
carece de nivel inventivo y no sélo limitarse a establecer las
diferencias entre la solicitud y dicho estado de la técnica.

Cuando se ha establecido la falta de novedad de la invencién, no es
necesario evaluar el nivel inventivo, dado que no existen diferencias
entre la invencién y el estado de la técnica.

Normalmente el estado de la técnica méas cercano se encuentra en
el mismo campo de la invencién o trata de solucionar el mismo
problema o uno semejante. Por ejemplo, en el érea quimica el
estado de la técnica més cercano puede ser aquél que describa un
producto estructuralmente semejante al producto de la invencion o
un uso o actividad semejante al de la invencion.

10.2 Método para la evaluacion del nivel inventivo

10.2.1 Analisis problema-solucion




G

Para determinar si el objeto de la reivindicacién resulta obvio o se
deriva de manera evidente del estado de la técnica se recurre,
siempre que sea posible, al método problema-solucion.

Para ello deben cumplirse las siguientes etapas:
- identificacion del estado de la técnica mas cercano;

- identificacion de las caracteristicas técnicas de la invencién que
son diferentes con respecto a la anterioridad; y

- definicién del problema técnico a solucionar sobre la base del
estado de la técnica mas cercano.

La pregunta es ;qué problema resuelven las diferencias técnicas
entre la invencién y el estado de la técnica méas cercano?

Dichas diferencias, en términos de caracteristicas técnicas, entre la
invencion y el estado de la técnica méas cercano representan la
solucion al problema técnico en cuestion.

Se debe definir el problema sin incluir elementos de la solucién,
porque entonces la solucién seria evidente.

El problema técnico no siempre sera el indicado en la solicitud y a
veces tiene que ser replanteado en funcion de los resultados de la
basqueda. El estado de la técnica mas cercano puede ser diferente
del conocido por el solicitante y del cual él partio.

Evaluar, partiendo del estado de la técnica mas cercano Y del
problema técnico, si la invencion reivindicada resulta obvia para la
persona versada en la materia.

La pregunta a contestar es si teniendo en cuenta el estado de Ia
técnica en su conjunto existe alguna indicacion que lleve a la
persona versada en la materia a modificar o adaptar el estado de la
técnica mas cercano para resolver el problema técnico, de tal forma
que llegue a un resultado que estuviera incluido en el tenor de la(s)
reivindicacién(es).

Una informacién técnica tiene siempre que ser considerada en su
contexto, no debe extraerse ni interpretarse fuera de éste. Es decir,
que la caracteristica técnica que se esta analizando debe buscarse
en el mismo campo técnico o en uno que la persona versada en el
oficio consideraria de todos modos.
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Se debe tener en cuenta que la busqueda de anterioridades se
efectua a posteriori, tomando como punto de partida la misma
invencion. Por lo tanto el examinador debe realizar el esfuerzo inte-
lectual de colocarse en la situaciéon que ha tenido que afrontar el
técnico con conocimientos medios en la materia en un momento en
que la invencién no era conocida, es decir antes de la invencion.

La invencion reivindicada tiene que considerarse en su conjunto. Si
consiste en una combinacién de elementos no es valido argumentar
que cada uno por separado es obvio, pues la invencién puede estar
en la relacion (caracter técnico) entre ellos. La excepcion a esta
regla es el caso de yuxtaposicion en el que los elementos se
combinan sin que haya relacion técnica entre las distintas
caracteristicas.

Una composicion novedosa de AB donde A y B son conocidos de
manera independiente, seréa inventiva si existe un efecto inesperado.
Si el efecto se reduce a la suma de los efectos de A y B, no habra
nivel inventivo.

En resumen, el examinador debe plantearse las siguientes
preguntas:

- ¢estaba un técnico con conocimientos medios en la materia en
condiciones de plantearse el problema?;

- ¢de resolverio en la forma en que se reivindica: y
- ¢de prever el resultado?

Si la respuesta es afirmativa en los tres casos, no hay nivel
inventivo.

(..)°

El Juez Consultante debera determinar si los documentos EP 0823846 y US
5.830.203,00 citados como anterioridades por la Superintendencia de Industria - e
Comercio, afectan el requisito de nivel inventivo en relacion con la solicitud de

patente, de conformidad con expresado en la presente providencia.(. . . ) “

De conformidad también con la interpretacion prejudicial arriba citada
consideramos que la Resolucion No. 79480 de la referencia, no demostré en
forma satisfactoria la falta de nivel inventivo de la presente solicitud de patente.
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ANEXO 1 (lgbal, Rinsho Seishin Yakuri (Japanese Journal of Clinical
Psychopharmacology).

2. ANEXO 2 (Farah, A., "Primary Care Companion J Clin. Psychiatry 7").

3. ANEXO 3 (A. Newman-Tancredi et al., Current Opinion in investigational Drugs).

De esta manera dejo interpuesto el recurso de reposicion con el propésito de que se
revoque la Resolucion recurrida No. 79480 de Diciembre 30 de 2011, y en su lugar se
conceda el privilegio de patente de la referencia.

Nombre y direccion del recurrente
German A. Cubillos Mendoza
Calle 17 No. 8-49. Of. 408 de Bogota

Sin otro particular me suscribo del Sefior Ministro.
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of risperid dose in earty schizaph
a review of potential complications. J. Psychiatry
Neurosci,, 23(5) : 305-308, 1998.

19) Lo Vecchio, F., Hamilton, R J., Hofiman, R 1.:
Risperidoe overdose. Am. J. Emerg. Med., 14
(1) : 95-96, 1996. .

20) Mackin, P, Young, A. H. : QTc interval measure-
ment and metabolic parameters in psychiatric pa-
tients tsking typical or atypical antipsychotic
drugs: a prefliminary study. J. Clin. Psychiatry,
66(11) : 1386-1391, 2005.

21) Min, S. K, Rhee, C. S., Kim, C. E. et al. : Risperi-
done versus haloperidol in -the treatment of
chronic schizophrenic patients : a parallel group
double-blind comparative trial. Yonsei Med. J.,
34() : 179190, 1993.

22) Montout, C., Casadebaig, F., Lagnaoui, R et al.:
Neurcleptics and mortality in schizophrenia:

et al.:Variability of the QT in
healthy men, with implications for selection of an
abnormal QT value to predict drug toxicity and

proarthythmia. Am. J. Cardiol, 67:774-776,

1991,

24) Ray, W. A, Meredith, S., Thapa, P. B. et al : An-
tipsychotics and the risk of sudden cardiac
death. Arch. Gen. Psychiatry, 58:1161-1167,
2001,

25) Ruschena, D., Mullen, P. E., Burgess, P, et al. :
Sudden death in psychiatric patients. Br. J. Psy-
chiatry, 172 : 331336, 1998,

26) SaintJean, A., Desautels, S.: Electrocar-
diographic changes with a neuroleptic : thiori-
dazine (in Freach). Union Med. Can, 95():
554-557, 1966.

27) Wester, K, Jonsson, A., Spigset, O. et al. : Spon-

reported fatal suspected adverse drug

prospective analysis of deaths in a French cohort
of schizophrenic patients. Schizophr. Res., 57(2~
. 3) : 147-156, 2002.

23) Morganroth, J., Brozovich, F., McDonald, J. T.

(126) 2502

reactions : a 10-year survey from Sweden. Phar-
macoepidemiol. Drug Saf,, 2006 Epub ahead of
print

REMHBER Volo Noi2 2006

!
|
|
]
1
3

Avey 7

WRMNHEE 9. 2503-2511, 2006

HRRE

KE T aripiprazole DERRZEBRAD &

Naveed Iqhal*

E R
BB E”

A1 Aripiprazole b BRTWAWIRR AL
BEHH (REHLI22006% 1 A30B 12 KMH) A8
2 TEVD 2 LA, §E I3, Igbal &4, an-
piprazole DA R WA F 2V THE R AL
a3t

Igbal B4k, 7AYHizBwT aripiprazole %
1000MELEZRE Sh, BELTRREFLTS
bhaLBMEL, SENMRERLAILTY
27,

AR B NICEER 2 #1 4 2 © aripiprazole D4
HREF SN ORIV B L@V TY
. TRTREBLABEWLET,

20055 8 F1083812 Aripiprerole (BR%: X ¥V 2y
1) BAGESASBREBTLRRSNA, XBTO
aripiprazole DB - BRI, REEMETH Y, £0OF
- ARG (AR, KA aripiprazcle X LT1HS
~2mg EMBAR, 1B 6~Umg $RBAREL, 1
B 2ECH TRORS T, 28, 1, £RIC

2006 1 AF0R, R, ARHALRNF AL TRE.
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L. #REFHDOG L BEBRETo TRONE
L7:o Aripiprazole CRbHTWB FH3 v ¥
AFAAFETLF—Ew I XS, RORBE
EHLHETHBCOMAEBIARDI DL
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DRPEIRRE L hBEEERERITH, PR
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ENTRVWELAL, 5S-HTLEBHT TR}
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FRROD /3 v iins, BARELRET
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(128) 2504

o E8SD, BERK A= oL PR
= FAE NRERMAH I RALERR T YL 9T ELTHE
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BRUNR4 IR 50RER S [HRE) i
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EoTHOLHELVRBEHELTVI LBV
Fo 230, HABFIE o THRENLBR
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3P5TT,
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T AR LS IEHRANEATT. Clo
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IRY 9 - Yy Fa-A0L I RR4ORER
PELTVES, 29 HY 2 - Y v bo—-ar
ROBERIHTEY X2 R LERORAE, K
EX4~10BERLET, ¥4, ShETclow
pine % olanzapine iZ X N MRKICRBT 2R
BT P TV P2 2T, BRORCHIRES
nTwEt, ik clozapine ic & 2 YN RIE
REBRCHDSMIL LB - TnET, 0F
b, BTHREIIE (ABE #b2000, W
EHLEDLDTEVDOTY, 31, 7UI2F Y

ASDURS BRI, AEM, BRMIE OEARE
ATHNISCOBELHELTWET, Rispe )
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S ’f‘:_“’ SHT,.
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Clozapine* Quetiapine
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0,
ST,
LT,
Y,
a

CR2 SFETNDHOBREMANE
Adapted from | Schmidt. B, et al
*  XIRKB

rdone XEFIIMW 70T ) F 2 LR VD
TEFRMEN TV ¥, Risperidone i w7 F L
+Y YREEOBAEIH O TREBENE
LRAPAILRET, AL, BRFILEEL
~DOFRGRBE D, GEYMM, ASHT 2
c Yy FO—A, NBHORERARIILRNIR
winiid,

WY, HREKSSBAOKBIR, BKRNHLA
BALETHABELH ) $T2 RMORBE

BEOBABBERLIBENMHI LD, A

C&TitHY £+ A, Risperidone i3 BEE LS
HEXHDERVET,

Risperidone i3 2 2% ") »482Y » @i

TARRRADDOTEREAD, BXoniiay
YEORERbH Y $ A, i) S ROBIEA
KROB, BH, KA, EBLYIH) T,
- 8T, TAY ACRBBRARY P rORBH
MIRBE LAWRREN20, $RTI20HY
T, CROFAORRNF LD, R2d500%
EDEFRRBITIZRVOTL 2 34,
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BEHRREL LTREOEFTH & aripipra-
zole i3, $5— 1A% @ haloperidol & Fl L2 D¢
Lz T2, aripiprazcle BB=H#HRTH 2
risperidone KR LCL 2 3 HAR [/ —]
T

X114, ERBKOBANELARSOCT, £
DT, H220RBH, X593 H) &
BhELRNY 2 &Y Y (M) SRt
L T TF & v» Clozapine, olanzapine i3 H3 &
# MEFELOCRAERE DD THL
quetiapine  HEF KL OBRNER A bOTH
CMEFKEORRELHBELEVOT
To

CDL5 %I LM, clozapine % olanzapine,
quetiapine X ¥ ¥ RIRTEL, [A MDY
BRHE, VHVARBRBERY LAMAST S
LB Y T, HETARNEIE BN, A
RBLBERL I, TORMERRPLT S
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ST 2L E

2 M T AT AR

#1 BWROBSRIGE

Receptors Ariph if o] i i *  Quetiapine  Clozapine®  Haloperidol
(Abilify) (Zyprexs)  (Risperdall  (Geodon)  (Seroquel)  (Clozaril) (Haldol)

D, 265 3 430 525 455 85 210

De 0.45 1 4 5 160 128 0.7

D 0.8 49 10 7 340 473 2

D “ 7 9 52 1,600 35 3
5-HTw 4.4 210,000 210 3 2,800 875 1,100
§-HTu 3.4 4 0.5 . 0.4 295 16 45
5-HTx 15 - 3 % 1 1,500 16 >10,000
o 57 19 0.7 10 7 7 6

H . 61 7 20 47 pis 6 40
M >10, 000 1.9 >10,000 >1,000 120 L9 >1,500

‘The higher number denotes 1 effinity ; Amt & Skarsfeld, 1998 | Bymaster etal, 1996 ; Seegeretal, 1995

*  EZBERRE

&, EHRABCHNHREIERLET. MREF
HICBL T2, BRIXRRPETEL, ChbB
BRERELIEEBIL, SHEARCKRRZ LT
RBItoerdhit.

—7, aripiprazole 2, HEEHORAKRIZE
Wiz, KEAM, $RHYM, 25HV 2 - ¥
Y FO—akBRBLECVREBIZZ2TwET,
N, MREEORNBERITEALHD I
Ao

V. Aripiprazole NEIRMEER

1. BEMEMERRY

WSO DERRBABREBALET, wTh
SHEKMERBRBEHRICLLBRTT,

B3 iz DA REE £ HRICLBRRER
BRERLET. Thix3dDWBHEW, aripipra-
zole 20mg, 30mg, risperidone 6mg ¥ 7 7 € K
CHBLTWwET, T, aripiprazole 20mg,
30mg, risperidone 6 mg DWW h b ERENAE
ahFli.

DVTRRNEAREE & 5 KIZL 2 aripipre:
zole15mg & 30mg, haloperidol ® 3 2Nk 7
FHRLERLBERRBbLH Y ¥T, Aripipra-
zole & haloperidol D ¥ % 6 & D@ ERCBRELE
RETVPO-ATHDIHBTLA

ZRHEDBKRROTHL v REBARSL S
FEFERBLTEY, GREEELL LB
LOTRHBYETA. TTHL, TORROBY
+ % L2, aripiprazole 15~30mg iX A %, ris
peridone b A%, haloperidol b HZ Ko R &
TP,

2. BHERFRNE

A LBRRICETE, QENMRSEREDT
$#iZ#} L C aripiprazole DERBEHB oL F LA
B, RHRBRE LIERERLTHIN SRR U
R :

oK (B4) &, aripiprazole DF S TF Y
BRET T LHELBRELE DT, LBOE
ROBRLEBENLY M- SATWELR,
268% TOXRRBHRYP S, aripiprazole 15mg T
BRLEPo RBHIWEI%, 7T EHNH%T
HY, HRENBYELE, 2OTENL, ar
piprazole DRMABSIC L 2 HMESHEB s
L C

BEDL ) LBRIBERL, TTRVLNS
SRATIREZTWAIETLEL e KIZT
AYRToObhbhOBERERICTERLELL
aripiprazole DK EF % 4 BAL T T,
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PANSS ®&ZXa7* .

~O- Placedo tnetay)
“#~ Arpiprazale 20 mg (ne5)
~8- Adpiprazale 30 mg (nape)
== Risperidone 8 mg (ne96)
Baseilne R} 2 3 4
Weoek

B3 Aspiprazols & risperidone DMBERI N T SRBYM(TS ¢ LDLR)
“Tria} was oot designed for a comparison of aripigrazole and the active compars-
tor, risperidone.

Data from a 4-week trial (n=404) in patients with scute schizophrenia or
schizoaffective disorder.

“Last ohservation carried forward. Mean baselioe scores ranged from 91.6~
9.1,

*P<0.01 ; *P<0, 001 vs placebo.

Potkin et al. : Arch. Gen. Psychiatry, 60 : 681, 2003,

Rolapse Defined as Fallowing
10 4=
Q
08
) Aripiprazoto 18 mg (w148)
33 oe '
3 .
{Q 0k Placebo (m1us)
H 02
0o+ T v M T T g
s 10 18 20 Fi 0
Week

R4 Adpiprazolo & 75 & #268RELRILA : AR IR
Data from a 26-week, placebo-controlled trial in patients with schizophrenia
who were previously stabilized on other medicationa.
“Based on 1 or mare of the folowing : a CGi2 5 (minimally worse) ; a
PANSS score of 2 5 {moderately severe) on hostility or uncooperativeness
on 2 successive days ; or 2 > 20% increase in PANSS total seare.
*P<0.001 vs placebo by the log-rank test. The relative risk of relapse with
aripiprazole vs placebo was 0.50 (95%Cl, 0.35-0.71).
Pigottetel. : J. Clin. Psychiatry, 64 : 1048, 2003,
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BARD aripiprazole 5mg MHRABLE LA, |
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ORBARE, SmgTT. 2AM—EEBL
Thov, BRERFRELIRLD, BRLFER
ERBLE LAY, 12 BHISIEE NS DOMH
RoTvili, 20LI2PE, 2~3A8%
LEMLMB LGRS 3 3+, SOENT
b 1B10mg $CHITL, BRL TSI AR
LI BOCEBAGHO NI D, RECEA
FTRLHIWRLALE S, BAMBICEAIEE
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BRTABZIICLY, BREERL, BNOK
PEABBONLDII 2T I A by FEABL
Il LERIO~ISRIEDS B, 6 HETL
PROILATLAD, TAAL LTS
To DAELRPR/EIY V- FORSKBERE
ELTRI I(ABLALRVET,

2. ER2088 (D)
| ERBARET, 1 ELORENHY, #
{8, BRROLEEISVTE LWRERR N
bhid. BEMCA T AUBIBE ShTs
D, SITORRG, NRMFEET, KEk
REOBHHHRILY F L1z,
BECRERENSY, AREbL—FEHY 2
¥o Aripiprazole 10mg ¥ BAKS L, 4B/,
1Smg iR L $ Lo B{EBROBER AW

| | i
X ! oXns
NIOTAR,
| |amac qRTE 0N,
| anms, | |BoLRRL.
] REOER QAFaZFg
gapre || movia,
(7
aan| | an®! s, FaTins,
s2m |enax 4; ‘
Y
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Smg
n
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AREANY,
gy,
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oRARLNRE LAY, RBCMATS Lok
LB, BEMAIIEMELS LA OReER
RIEED, MRTOYNEY LLYTOYHR-
ZULIDELTRBEBBLTVET, COR
HTH, HFLIMHEREIUBL, RRLAL,
WETaELL,

3. EAIOB (F7)

513 RBRBYT, HAXMEOHED B

CE BOD2MERKRLY 3. HARRE
B8 FTCAREGIESD LA, 3518
RMLAET, 62 BOARTLE, BRENDS
HBLEY, 9 EBBuTV LA,
BELALRAT, danzapine 20mg/B, quetis
pine 100mg/BA S8 hTwE L. #hTé

BUBEFBOGA, GELTET, HL (L
L, ZLvAEMNCAMZER ORI TwIL
2o TEHO, BEMICHLNRIINT, BT
HREORBTLE, FLVEARM L AERYM
Abh, IOIETRRAILIOMURRER
FELTWwE LR, £T T, aripiprazole 10mg/B

quetiapine %50mg = RB/LF LA, 2628

M, aripiprazole %20mg IZ ¥ & L, quetiapine
%Pk L, olanzapine ¥ Smg kLT LA,

BHRITAL v F Y7 TEOTIREL, H4BMD
FToDFPI o TAaE L, FLTELIC

2 HR %, aripiprazole 20mg X MHEL A~ 3,
lanzapine b L Lo 2AMIC 1 BRAM

HE5EWMALE LD, ol b3

DABREEL Tw X4 A, Aripiprazole 10mg
EMLARETY. +0B (R=254Y) @
NPMER L S5, BARMMEEIZ190me/
dl, BMIi228C, ZLVRRRTLA, 264
2 M, aripiprazole DA% 15mg HRL,
olanzapine @ /i & % 20mg #* H15mg IR F L,

#EHCEZLY R
ANN. Yoy

uneusm
aouR#

Qustiapine 100mg W

|
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=m0 ZE Ci=aeh
M7 2513280 8%

BORDARLTWE T, 03 ~4-» AEAY
BRELTVEITH, BMIFFLLETL, My
b ERM omg/d) K2 ), REREMD
unEy TS ARENL, av¥a—-s-0
HOZFZI6EMLTVE Y. QOL LBIERA
7074~ MEFELWEENAGL, BB
ficBnT, LRIV EALBRIBHLRTY
F 38
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BHKERREOBKCLE, RUOMBMRY
V= FRITBOBTLE, SORFCRIB, ¥
B, 2LOTRBNZEY, I YARYBLD
FERVFBOLNE LR, ) LAGRIREHT
HHLUHLE L. BEESFLHVRETT
VB Eoh, Lok LTWRYLTNT,
REQTASRELLH R TOI LAY, RRR
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Lt BUNAS
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BEER, HRIVORW, BEOBFLRFLL
EBVET, MELARL, #45AEIVOL
SBRNARET>TH, R ELORRET
SRMEBLELR, )

CORERFLVBHMEATLZ. ¥ do
zapine 700mg 33 § ¥ ¥ Lamotrigine 200mg (B
FTRREB) I 2ERD 2D TT. Clomi-
pramine 250mg |3 MBERD BT T, Clonaze-
pam 0.5mgx A R A K ERD 22 C ¥, Paro-
xetine 40mg % 3 D E4R, valproate 500mg x 3 12
FARZRO-AT, RY - AROLDTT, 9
EBiZbRY, 5055 —¥ v PERIEHL
T, B4DEMIRESWTETI LI, FON
0, BEF) LEBATRTELLEE LT,
WwiER, BEXRAIORUTILENSN S
Lico BERCROORM» G, BHLAB, &
B, SRRE, BROKRRER LORERL
ELTwE LA b15A, 257, 2ENHER
FORBETSTR2THY, 2€, THLAR
e OBFIBELEZTREZH 2P0 Oh
EBLTVE LA, IVAFO-AENEDHT
Bl ARy 92 v Fa—Adihbh,
BMIIZ40T Lo SHIRSFAD & J4C cloza
pine 2% L EMMEWIILALHTT,

T DB F IS anipiprazole 1Smg DR S L MEL
¥ L729%, clozapine, L igine, clomi i
paroxetine DARIGRE LT, €DEEIILT,
aripiprazole 38l ¥ L7, 28M#. clozpi
ne %¥500mg 4= Xt L, aripiprazole % 30mg i %
ft L, lamotrigine, clomipramine ® 3 ik ¥ R %
L. paroxetine i240mg #* H20mg i M{ L T L
o & M 28 M &, clozapine % 300mg = 3 &
L, lamotrigine & valproate D 5 % v ik L,
paroxetine X URL 226, XYV ITHE VR
@ clonazepam 2 PRVRL I LA Thd o,
clozapine % 200mg =34 L, clomipramine O
Stk L, 2% LT clonazepam % #Hk L
% L7, Arpiprazole 30mg % @82 L T, 28
%, d %200mg 12, o £0.5mg
/BRRILE LA,

COHA~62 ABALTHH, BEcoza

134) 2510

B2 Adpiprazole IRERRY 5OHE

1) 10~30mg DI hOART S A%,

2) ReOBEORRI, LOBEDER  REUzZ Yy
A3,

3) ANERL 2 F VY HEERVRFTIEINE Y
ke

4) tOREOBAMRLAMTI LN, AOEE2H
EEANS

5) Aripiprazole DRI 3 bHTBRTH .

pine ¥100mg BB T 22, REWNHPETEE
ERRAERVETH, SOBEIZELHTHE
DRECTTHL, GRIEFLELACIRB D 3¢
Ao B 2BHORANL, 2% Y, dozmpine
% T PRk & aripiprazole TRELTVET. B
FRIEMA/RFCE»oTHY), BMIRET
L, avxFo—-rHbET L20KRTLY,
BE2RBRIOGNT, BAMBORBLIL
720 R TE L, clozapine DEFE Y M)
BOBMERLARRILELL. SO22 BN
RERLTH), BERRROII2=F4HL
I PREAEL, 77-APT—FECTAL b
(LTwEd. tOUPREREIEN=FRZ2LD
TiRH Y FHAN, TOLIRBVERERLT
WEIADRED, HEEBETRLAEDMC
20%t,

V. & ®

1. Arpiprazols (FEIBR P 5 DIBE

Broz b bELSC LR (R2),
aripiprazole (210~30mg DV FROBRCLHYD
TLR. BER, SmgRSbTHoTvET. A
Mok, —FOMBRIBLLVERRIEONL
W ENH D ZTH, aripiprazole R ORART
(%1 13-2% 3
TRTOMBAFYE W ZEIR, BESHE
SmgRSPORBT IO, omgES» LW
BT EONEW) BENTTEET, BARNO
Bt sodr, BEEHCBMTIOrOHE
i}, R BERRL 5 5L RROERI L
BrIaMREVERVIT, RRERD SV
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&, BRARIERET3ERbvhiZ, BARKR

ETHRELVEDNLTY, HERELLTRICE

SLAETLRASE, ZRALL2YS, DOEL
©, ARVZEX TV ZEFRLRTY,
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Abridged English translation of Rinsyou seisin yakuri (Japanese
Journal of clinical psychopharmacology), 9, 2503-2511, 2006

<From left column on page 2504, line 3 from the bottom to left

column on page 2506, line 9>
IT. Second Generation Drugs

Efficacy and Utility

These drugs (Figure 2) are second generation drugs, starting
with clozapine. Many of second generation drugs are efficacious
for the treatment of positive and negative symptoms, but have
very problematic side effects. For example, clozapine is not
approved in Japan still now due to its side effects. Discussions
on the action of an antipsychotic drug are mostly on its
"efficacy". Also, most of the test results which pharmaceutical
companies provide us are on "efficacy", but not on "utility". We
consider that "utility" involves not only "efficacy", but also
"safety/tolerability"”, and refers to the most desirable
treatment for the patient. It is because a patient will stop
taking even a very prominent therapy for the certain patient if
the therapy has too many side effects, and it will lose its
"utility”.

As for second generation drugs, they are decreased in
"utility", apparently because of their side effects. Clozapine,
as well as other drugs, causes various side effects, such as
weight gain and metabolic syndrome. In metabolic syndrome the
risk of the cardiotoxicity, the prevalence of cardiac disease,
and/or the mortality are increased by 4-10 times. Additionally,
approximately 80 death cases so far have been reported for R
diabetic ketoacidosis secondary to diabetes due to clozapine and

olanzapine. This is about 8 times more of the death cases from
- 1 -
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agranulocytosis due to clozapine. In short, second generation
drugs have "efficacy", but with very many side effects. Moreover,
side effects related to prolactin are severe both in short- and
long-term, and afflict many patients. Risperidone is known to
raise serum prolactin markedly. Because risperidone has high
affinities to al adrenergic receptors, also orthostatic
hypotension is observed to some extent. On the other hand,
risperidone has low affinities to histamine receptors, thus it

is considered to have a relatively little weight gain, metabolic
syndrome, and abnormal regulation of blood glucose levels.

Generally, clinical sedation may be necessary for several
days from the beginning of the therapy. A long-term sedation is
not good because it may impair cognitive functions of the
patient. Risperidone is considered to have a moderate sedative
effect.

Because risperidone has very slight effects on muscarinic
choline receptors, it does not cause any prominent
anticholinergic side effects. Anticholinergic side effects
include dry mouth, misty vision, urinary retention, and
constipation.

Currently, there are 20 antipsychotic drugs approved for the
treatment of diseases of the psychosis spectrum in the United
States, and 40 antipsychotic drugs in the world. How should we
distinguish the properties of these drugs, if they are same or

not?

III. Third Generation Drugs
Aripiprazole is a third generation drug.
Is aripiprazole, which was firstly launched as third

generation drug, same as haloperidol which is a first generation
-2 -
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drug? Ox, is aripiprazole same as risperidone, a second
generation drug? The answers are “no".

Table 1 shows the affinity of each receptor. Among them,
two receptors, histamine (H,) receptor and muscarinic choline
(M;) receptor, are to be noted. Clozapine and olanzapine have
very high affinities for both of H, receptor and M; receptor,
while quetiapine has a very high affinity for H; receptor, and
also a moderately high affinity for Ml receptor.

Thus, abrupt withdrawal of clozapine, olanzapine, quetiapine
or the like and rapid switching to other drugs may lead to
various withdrawal symptoms. Drugs with a high affinity for H,
receptor induce hypersedation, but it may change into
hyperactivity and/or irritability after an abrupt withdrawal of
said drugs. As to M; receptor as well, an abrupt withdrawal of
the drug may cause withdrawal symptoms, and may cause acute
excitement and/or irritation.

On the other hand, aripiprazole has a low affinity for H,
receptor, which is a reason that it is less likely to cause
bulimia, weight gain, and/or metabolic syndrome. Additionally,

aripiprazole has little affinity for M; receptor.
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[Figure 1]

Dopamine D, receptor partial agonists

- In the state where the dopamine neurotransmission is
excessively activated, they act as antagonists (amelioration of
positive symptoms) .

- In the state where the dopamine neurotransmission is
excessively lowered, they act as agonists (reduction of
occurrence of EPS).

e Serotonin 5-HT,, receptor partial agonist

s Serotonin 5-HT,, receptor partial agonist

l

Dopamine system stabilizer (DSS)

Figure 1 Pharmacological properties of Aripiprazole

[Figure 2]

Ziprasidone* Haloperido}

Clozapine*

Figure 2 Receptor binding properties of various atypical
agents
Adapted from : Schmidt B. et al. : Soc. Neurosci. Abstr., 24
(2): 2177, 1988.

*: Yet to be approved in Japan
- 4 -
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Table 1 Binding affinities of various atypical agents
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Recéptors

Aripiprazole ' Olanzapine  Risperidone  Ziprasidone®*  Quetiapine Clozapine®  Haloperidol
(Abilify) (Zyprexa)  (Risperdal)  (Geodon) (Seroquel) (Clozaril) (Haldol)
D, 265 oA 430 525 455 . 85 210
D, 0.45 11 4 5 160 126 0.7
Dy 0.8 49 10 7 340 473 2
D 44 2 9 32 1,600 35 3
5-HTw 4.4 >10, 000 210 . 3 2,800 875 1,100
5-HTw 3.4 4 0.5 0.4 295 16 45
5 -HTx 15 23 25 1 1,500 16 >10, 000
o 57 19 0.7 10 7 7 6
H, . 61 7 20 47 1 6 440
M, >10, 000 1.9 >10, 000 >1,000 120 1.9 >1,500

The higher number denotes t affinity ; Arnt & Skarsfeld, 1998 ; Bymaster et al,
*: Yet to be approved in Japan

1996 ; Seegeretal, 1995
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Atypicality of Atypical Antipsychotics

Andrew Farah, M.D.

Objective: To review the current definition of arypi-
cality, discuss the unique features of each atypical anti-
psychotic, and determine whether the available drugs
in this class really meet the classical definition of
atypicality.

Data Sources: A PubMed search was conducted
to identify literature on the subject of this review,
supported by additional articles based on the author’s
clinical knowledge and experience.

Study Selection and Data Extraction: Relevant
references were extracted and summarized in order
to meet the objective of the article.

Data Synthesis: Atypical antipsychotics are consid-
ered a major advance over conventional antipsychotics,
primarily because they offer effective treatment alter-
natives that are relatively free of extrapyramidal symp-
toms. In fact, the term atypicality was originally used
to describe antipsychotic agents with a minimal risk of
causing extrapyramidal symptoms. However, over the
years the definition has been modified such that there
is currently no consensus on a true definition of arypi-
cality for these agents. Each of the atypical antipsy-
chotics (clozapine, risperidone, olanzapine, quetiapine,
ziprasidone, and aripiprazole) commercially available
in the United States is unique in terms of its pharmaco-
logic profile, differing with respect to receptor-binding
affinity, mechanism of action, and adverse events. Of
the available atypical antipsychotics, clozapine and
quetiapine have shown the lowest propensity to cause
extrapyramidal symptoms. Although the risk of extra-
pyramidal symptoms is lower with risperidone and
olanzapine than with conventional antipsychotics, risk
increases with dose escalation. Data for ziprasidone
indicate that the risk of extrapyramidal symptoms may
be similar to that of risperidone and olanzapine. There
is a concern of akathisia with aripiprazole; however,
more experience with this agent is needed before de-
finitive conclusions are made.

Conclusion: If the definition of “atypical” antipsy-
chotic is considered to be freedom from extrapyramidal
symptoms, then, based on a comprehensive review of
available data and clinical experience, clozapine and
quetiapine appear to be the only true atypicals.

{Prim Care Companion J Clin Psychiatry 2005 .7:268-274)
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T he development of atypical antipsychotics was an
important milestone in the history of psychiatry,
because it brought effective treatment options with a re-
duced risk for adverse events. In particular, the atypical
antipsychotics appear to be much less likely to cause ex-
trapyramidal symptoms (EPS), a group of movement dis-
orders associated with physical disability and subjective
discomfort and distress, including parkinsonism, akathi-
sia, dystonia, and tardive dyskinesia (a long-term mani-
festation of EPS).!

Atypical antipsychotics were originally defined by
a reduced risk of EPS as an adverse event. However, as
more atypical antipsychotic agents were introduced, mar-
keting efforts and recent literature modified the defini-
tion. Furthermore, it is now unclear whether atypicality
should be a clinical distinction (related to EPS or negative
symptom relief), a chemical distinction (receptor profile),
or a mixture of both.

The purpose of this article is to review the current defi-
nition of arypicality, discuss the unique features of each
atypical antipsychotic, and determine whether the avail-
able drugs in this class really meet the classical definition
of atypicality. A PubMed search was conducted to identify
literature on the subject of this review, supported by ad-
ditional articles based on the author’s clinical knowledge
and experience. Relevant references were extracted and
summarized in order to meet the objective of the article.

____> DEFINITION OF ATYPICALITY

There is currently no consensus on a true definition of
atypicality for antipsychotic medications. Originally, the
term was used to describe effective antipsychotic agents
associated with a minimal risk of causing EPS.>* How-
ever, as described in reviews by Markowitz et al.? and
Goldstein,* a broader definition of atypicality is used to-
day. In addition to a reduced risk of EPS, other elements
thought to contribute to atypicality include the following:
transient elevation in prolactin levels, efficacy in treating
both positive and negative symptoms of schizophrenia, a
mechanism of action that involves serotonin (5-HT)-2A
and -2C antagonism and/or mesolimbic specificity over
nigrostriatal dopamine neurons, and efficacy in treatment-
resistant schizophrenia.* At times, various combinations
of these descriptions have served to define atypicality.

Several types of dopamine receptors exist in various
regions of the human brain (Table 1).> Psychosis is be-
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Table 1. Dopamine Receptors®

Receptor Type Location

D, Corex and basal ganglia
D, Striatum

D, Limbic region

D, Limbic region

®Based on Beng-Choon et al.’?

lieved to result from excess dopamine in the mesolimbic
and/or mesocortical regions of the brain, but blockade of
dopamine in the striatum of the brain can result in adverse
events, such as parkinsonian symptoms and hyperprolacti-
nemia.®’ All clinically effective antipsychotics at least par-
tially antagonize the dopamine-2 (D,) receptor. However,
the degree of D,-receptor affinity differs and is thought to
serve as a predictor of adverse events such as EPS (includ-
ing akathisia).*® Data from positron emission tomography
(PET) studies evaluating D, occupancy by antipsychotics
indicate that thresholds of 65%, 72%, and 78% are associ-
ated with clinical efficacy, hyperprolactinemia, and EPS,
respectively.’

All antipsychotics launched after clozapine have been
categorized as atypical, regardless of their D, affinity or
propensity to cause EPS, although not all compounds so
classified meet the aforementioned criteria of transient pro-
lactin elevation, 5-HT-2A and —2C antagonism, mesolim-
bic specificity, and efficacy in treating positive and nega-
tive symptoms and in treatment-resistant schizophrenia.
Unlike classes of medication such as conventional antipsy-
chotics or serotonin reuptake inhibitors, antipsychotics cat-
egorized as atypical do not share, even in a broad sense, the
same general pharmacologic profile as other members of
their class. For example, the atypical antipsychotics differ
with respect to receptor-binding affinity (Table 2),'** pro-
posed mechanism of action, and adverse event profile.

ATYPICAL ANTIPSYCHOTICS

There are 6 atypical antipsychotics commercially avail-
able in the United States: clozapine, risperidone, olanza-
pine, quetiapine, ziprasidone, and aripiprazole. Compared
with the conventional antipsychotics, the atypicals have a
lower propensity to induce EPS and tardive dyskinesia and
have a broader spectrum of efficacy (e.g., greater improve-
ments in negative, depressive, and cognitive symptoms)."*
In a review of 11 long-term antipsychotic trials lasting at
least 1 year,' the weighted mean annual incidence risk
of tardive dyskinesia was 2.1% among patients receiving
an atypical antipsychotic regardless of age group com-
pared with 5.4% for adult patients receiving haloperidol
(3 studies, mean dose = 13.1 mg/day). The estimated risk
of tardive dyskinesia among individual atypical antipsy-
chotics varied, with reported rates of 0% to 0.5% for olan-
zapine (2 studies, mean dose = 13.6 mg/day), 0.6% 1o
0.7% for risperidone (5 studies, mean dose = 2.7 mg/day
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orally or 55.2 mg/14 days intravenous) and quetiapine (2
studies, mean dose = 408.3 mg/day), and 6.8% for ziprasi-
done (1 study, mean dose = 92 mg/day).

Differences exist between the atypicals with regard
to weight gain, hyperprolactinemia, sedation, sexual
dysfunction, and anticholinergic and metabolic adverse
events. The effects of antipsychotic treatment on the de-
velopment of metabolic disorders are gradually emerging.
Currently, warnings about hyperglycemia and diabetes
mellitus are contained in the U.S. prescribing information
for each of these agents.'®""'*'* Cerebrovascular adverse
events were first reported with risperidone.”® However, a
warning regarding cerebrovascular adverse events in pa-
tients with dementia-related psychosis was recently added
to the U.S. prescribing information for aripiprazole, olan-
zapine, and risperidone.'®"""" The following sections dis-
cuss the differences with regard to atypicality among these
agents.

Clozapine

Clozapine was the first atypical antipsychotic approved
for use in the United States, although it is now reserved for
severely ill patients with schizophrenia and those with
schizophrenia or schizoaffective disorder at risk for sui-
cidal behavior.'® It is classified as a dibenzothiazepine de-
rivative and is known to be particularly effective in
patients who do not respond to conventional or other atyp-
ical antipsychotics.'s?' The effective dosage range is 300
to 600 mg/day, but dosages of up to 900 mg/day may be
needed in some patients.'®

Clozapine fits all of the proposed definitions of aryp-
icality. It has a low propensity for causing EPS after acute
administration, does not produce tardive dyskinesia with
long-term administration, and does not elevate plasma
prolactin levels.* Imaging studies have shown a correla-
tion between negative symptoms and reduced prefrontal
blood flow? and glucose metabolism.” In a report of a pa-
tient with first-episode schizophrenia, clozapine was
shown to reverse hypofrontality, which may be the mecha-
nism by which negative symptoms are improved.”

The affinity of clozapine for D, receptors is below the
threshold that is predictive of EPS and hyperprolactine-
mia. At doses of 125 to 600 mg, clozapine has a D, occu-
pancy of 20% to 67%,* although dissociation appears to
be rapid.” In addition to D, receptor blockade, clozapine
shows high affinity for D, receptors and antagonism for
D; and D, subtypes.” Although activity at these receptors
is not characteristic of atypicality, it may be important
for antipsychotic activity®® (although quetiapine is an ef-
fective antipsychotic that has virtually no affinity for D,
receptors). Data from Nordstrom et al.? indicate that at
doses of 300 to 600 mg, clozapine has a D, occupancy of
33% to 59%. The affinity of clozapine for 5-HT receptors
is also high, with a 5-HT, receptor occupancy of 84% to
94% at doses of 125 to 400 mg.*
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Table 2. In Vitro Receptor-Binding Profiles of the Atypical Antipsychotics*®

Clozapine  Risperidone  Olanzapine  Quetiapine  Ziprasidone  Aripiprazole
Receptor (K;, nM) (K;. nM) (K;, nM) (ICsp. M) (K;. nM} (K;. nM)
D, 85 75 31 1268 - -
D, 125 3 1 329 48 0.34
5-HT,, 770 490 > 1000 ni 34 1.7
5-HT;p 980 t00 800 - 2 -
5-HT;, 12 0.6 4 148 04 34
5-HTy¢ 8 26 11 - 1.3 15
a, 7 2 19 94 10 57
H, [ i55 7 30 47 6!
M, 1.9 > 10,000¢ 1.9 > 10,000 > 10,000° > 1000°

°Data from Bristol-Myers Squibb Company.m Pfizer Inc..” Bymaster et al.."” and Goldstein."

*Dashes indicate data not presented.
°ICsp.

Abbreviations: 5-HT = serotonin, a, = a,-adrenoceptor. D, = dop

1. D= dop -2,

H, = histamine-1, 1Cy; = concentration that inhibits 50%. K; = inhibition constant, M| = muscarinic-1,

nM = nanomolar.

The use of clozapine is primarily limited by the risk
of agranulocytosis, defined as a granulocyte count of
< 500/mm>?" Data collected from more than 11,000 pa-
tients through the Clozaril Patient Management System
indicate that the incidence of agranulocytosis was 0.80%
at | year.?” In general, agranulocytosis appears to occur
within the first 3 months of therapy, with the risk peaking
by the third month.?” Gaszner et al.?® reported a prevalence
of 1% for granulocytopenia and 0.26% for agranulocytosis
among a group of 750 patients who received clozapine
therapy for schizophrenia or schizoaffective psychosis
over a period of 15 years. These authors suggest that, with
proper management, blood dyscrasias induced by cloza-
pine appear to be reversible and not life threatening.

Other adverse events of significant concern in patients
receiving clozapine include weight gain, risk of seizures,
myocarditis, pancreatitis, and orthostatic hypotension with
or without syncope. With regard to weight, a meta-analysis
evaluating 10 weeks of therapy with 4 of the 6 commer-
cially available atypical antipsychotics showed a mean in-
crease in weight of 4.45 kg with clozapine, the greatest in-
crease among the atypicals studied.® Myocarditis appears
to be a rare but serious adverse event.* Postmarketing data
for clozapine indicate that the risk of myocarditis appears
to be greatest during the first month of therapy but may
occur at other times." In an analysis of an international
database on adverse drug reactions maintained by the
World Health Organization, examination of the relation-
ship between antipsychotics and myocarditis and cardio-
myopathy using Bayesian statistics suggests that these
symptoms are strongly associated with clozapine use.*' As
a result, it is recommended that clozapine be promptly dis-
continued in patients suspected of having myocarditis.

Risperidone

Risperidone is classified as a benzisoxazole derivative
and is indicated for the treatment of schizophrenia and
acute manic or mixed episodes associated with bipolar dis-
order.'” It is widely used and is effective, along with its pri-
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mary metabolite 9-hydroxyrisperidone. The dosage range
for risperidone is 2 to 16 mg/day. Based on clinical expe-
rience, the majority of responders require 6 mg/day or less
of risperidone.

Of the atypical antipsychotics, risperidone is the weak-
est in terms of atypicality criteria. Although early clinical
studies with risperidone indicated that the incidence
of EPS is not greater than that seen with placebo, this
may not be the case. Dose-dependent EPS have been re-
ported in 60% to 70% of patients taking risperidone at
dosages of = 6 mg/day.® In a prospective study of 350
antipsychotic-naive patients, those treated with low-dose
risperidone had a similar high incidence of movement dis-
orders as those who received low-dose haloperidol.”
Numerous case reports of dystonic reactions and tardive
dyskinesia with risperidone also have appeared in the lit-
erature.”>® In addition, risperidone is more likely than
other atypicals to cause persistently elevated prolactin
levels.*“"** Risperidone also is associated with a moderate
risk of weight gain (1.69-2.51 kg) following 10 weeks of
treatment® and orthostatic hypotension and a mild risk of
somnolence."

In a study of D, occupancy in individuals receiving
risperidone doses of 2, 4, and 6 mg, the mean level of
D,-receptor occupancy was 66% at 2 mg, 73% at 4 mg,
and 79% at 6 mg.** D,-receptor occupancy of risperidone
at doses of = 4 mg is above the threshold associated with
EPS and hyperprolactinemia.** Risperidone is able to
occupy D, receptors gradually, which is not a property
shared with the conventional antipsychotics or olanza-
pine.”® Occupancy of 5-HT; receptors has been shawn to
be > 95% with risperidone at dosages of 2 to 4 mg/day.?

Olanzapine

Olanzapine belongs to the thienobenzodiazepine class
of psychotropic agents. It is indicated for the treatment of
schizophrenia and is currently the only atypical antipsy-
chotic approved for use in both acute and maintenance
therapy of mixed or manic episodes associated with bi-
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polar I disorder.”” The approved dosage range of olan-
zapine is 10 to 15 mg/day for schizophrenia and S to 20
mg/day for bipolar disorder.

The atypicality of olanzapine is questionable and ap-
pears to fall between that of clozapine and risperidone.
Olanzapine generally has a mild-to-minimal risk of caus-
ing EPS and hyperprolactinemia'®; however, the risk is
dose-dependent. In a study evaluvating the D, and 5-HT,
occupancy of olanzapine,* EPS and hyperprolactinemia
were noted to occur in patients treated with olanzapine at
dosages of > 20 mg/day. In this study, D, occupancy was
55% at 5 mg/day, 73% at 10 mg/day, 75% at 15 mg/day,
76% at 20 mg/day, 83% at 30 mg/day, and 88% at 40
mg/day. The 5-HT, receptor occupancy was greater than
90% at all olanzapine doses studied.

With the exception of clozapine, olanzapine has been
associated with a higher degree of weight gain than other
available atypical antipsychotics.'**” At 10 weeks, olanza-
pine at standard doses may produce between 4 and 4.5 kg
of weight gain. Weight gain with olanzapine does not
appear to be dose related within the therapeutic dosage
range of 5 to 20 mg/day, and weight changes tend to pla-
teau at 7 to 8 kg after about 40 weeks of treatment.*’ Olan-
zapine is also associated with a moderate risk of transient
somnolence." Unlike the other atypical antipsychatics,
the oral clearance of olanzapine is increased by smoking
(cytochrome P450 1A2 [CYP1A2] inducers) and may re-
quire dosage adjustments in some patients.'® This is a sig-
nificant interaction, given that different surveys have
shown that 58% to 90% of patients with schizophrenia
smoke (vs. 28%-30% of the general U.S. population).®

Quetiapine

Quetiapine is similar in structure to clozapine (but de-
rived from perlapine) and as such is classified as a diben-
zothiazepine derivative. It is indicated for the treatment of
schizophrenia and acute manic episodes associated with
bipolar I disorder." The clinically effective dosage range
for both bipolar I disorder and schizophrenia is 400 to 800
mg/day, although more severe cases may require higher
dosages.

Clinical data indicate that quetiapine is associated with
levels of EPS similar to those of placebo across the dos-
age range and is not associated with elevations in prolac-
tin levels.**® It has been suggested that the atypicality of
quetiapine may be explained by its ability to transiently
occupy D, receptors.* This characteristic, unique only to
quetiapine and clozapine, permits modest occupancy at
the D, receptors that rapidly declines to minimal levels
12 to 24 hours after the last dose.*”*° Like clozapine,
quetiapine has a higher relative affinity for 5-HT,, recep-
tors than D, receptors. In a PET imaging study evaluating
the D, and 5-HT, occupancy of quetiapine at dosages
of 150 to 600 mg/day, quetiapine was found to have mini-
mal D, occupancy (0%-27%) and high 5-HT, occupancy
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(19%-94%) 12 hours after the last dose.”® Thus, the low D,
occupancy of quetiapine combined with its ability to tran-
siently occupy these receptors may explain the very low
risk of EPS with this agent.® Antipsychotic effects are
achieved with rapid but transient binding (58%-64% D,
occupancy at 2-3 hours after a dose, declining to minimal
occupancy by the end of a 12-hour dosing interval).” This
transient binding appears to be sufficient for clinical effi-
cacy of quetiapine,”® while never approaching the 78%
threshold of D, occupancy necessary for EPS.

Quetiapine has a greater affinity for a,-adrenergic and
histamine-1 receptors than for D, receptors. As a result,
patients taking quetiapine may be at risk for orthostatic
hypotension and Lransient sedation.* In clinical practice,
the risk of sedation appears to be greater than that of or-
thostatic hypotension, provided patients are appropriately
monitored. In a retrospective analysis of the quetiapine
safety database consisting of data from 77 clinical studies,
25.5% of patients (2013/7894) reported somnolence at
least once during quetiapine therapy.*' In this analysis,
somnolence was of mild intensity and occurred in the first
week of therapy, with a decrease over time such that, by
week 4, the first onset of somnolence was reported in
< 1% of patients receiving the medication. Quetiapine has
been reported to be associated with a 1.58-kg mean in-
crease in weight following 9 to 13 weeks of therapy.*

Ziprasidone

Ziprasidone is a structural analog of risperidone and
as such is classified as a benzisoxazole derivative. It is
indicated for the treatment of schizophrenia and acute
manic or mixed episodes associated with bipolar disorder
with or without psychotic features.' The effective dosage
range for ziprasidone is 80 to 160 mg/day. In our clinical
experience with this medication, only about one quarter
of patients are responsive; however, because of its ability
to antagonize 5-HT,, and its high affinity for other
5-HT receptors, it has the potential to reduce depressive
symptoms.*

Controlled clinical trials suggest that ziprasidone is
associated with a low risk of EPS and transient but non-
dose-related elevations in prolactin.’** However, anec-
dotal experience suggests that the occurrence of EPS dur-
ing ziprasidone therapy may be more prominent than
clinical trials indicate. Unlike clozapine or quetiapine, zi-
prasidone has a high affinity for D, receptors and a very
high affinity for 5-HT, receptors.* Despite the high affinity
for D, receptors, it has been suggested that its higher affin-
ity for 5-HT,, receptors may limit the occurrence of EPS.*

In a PET study evaluating the D, and 5-HT, receptor
occupancy of ziprasidone at dosages of 40, 60, 80, and 160
mg/day,” the mean S-HT, receptor occupancy (76%;
range, 52%-99%) was significantly higher than the mean
D, receptor occupancy (56%; range, 10%-73%). Because
the relationship between D, and 5-HT, receptor occupancy
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and plasma ziprasidone levels was significantly posi-
tively correlated, the authors were able to predict that the
maximum D, receptor occupancy of ziprasidone would
be 84%. These findings suggest that the relatively high
D, occupancy (maximum 73%; predicted maximum
84%) observed with ziprasidone in this study is more
similar 1o that of risperidone and olanzapine than that of
clozapine and quetiapine.

Ziprasidone has been reported to be associated with
a mild risk of orthostatic hypotension, sedation, and QT
prolongation.' Concemn over QT prolongation and the
risk of sudden death was a significant issue for ziprasi-
done when it was first approved to market and led
to numerous investigations of the cardiac safety of anti-
psychotics. Although a warning for QT prolongation and
risk of sudden death remains in the product label for zi-
prasidone,'’ excessive concern appears to be unfound-
ed.®® QTc interval change occurs with countless psycho-
tropic medications and on the whole is minimal, highly
variable from patient to patient, and only of major con-
cern in cardiac patients and those already taking agents
known to prolong QTc. Although data with ziprasidone
are limited, weight gain appears to be minimal (0.04 kg)
over the course of 10 weeks,? and ziprasidone is associ-
ated with a small loss in weight indistinguishable from
that seen with placebo over the course of 1 year.

Aripiprazole
Aripiprazole differs from the other atypical antipsy-

chotics in that it is a partial agonist at D, and 5-HT,,
receptors and has antagonistic activity at 5-HT,, and
5-HT,c receptors.5®! It is indicated for the treatment of
schizophrenia and acute manic and mixed episodes asso-
ciated with bipolar disorder and has an effective dosage
range of 10 to 30 mg/day.'®%2%

Clinical data suggest that the occurrence of EPS with
aripiprazole is similar to that with placebo, and it does
not appear to elevate prolactin levels.'*® However, EPS
and akathisia have been reported to occur during ari-
piprazole therapy,'0544

In a PET study evaluating aripiprazole 0.5 to 30
mg/day in 15 healthy subjects, a dose response in D,- and
D;-receptor occupancy was found. Receptor occupancy
increased from below 40% at 0.5 mg to over 90% at 30
mg/day.®® These results suggest that administration of
high doses of aripiprazole would lead to an increased risk
of EPS; however, no EPS were observed in patients re-
ceiving high doses (30 mg/day) of aripiprazole in this
study. The authors suggest that the lack of EPS may have
to do with the partial agonistic activity of aripiprazole.5
However, in clinical trials evaluating aripiprazole for the
treatment of schizophrenia and bipolar mania, akathisia
has been reported.'® At this time, the data are too lim-
ited to draw definitive conclusions regarding the EPS
profile of aripiprazole.

Atypicality of Atypical Antipsychotics

Meta-analyses suggest that the most.common adverse
events (prevalence 2 10% and 2 placebo) associated with
aripiprazole include headache, anxiety, insomnia, nausea,
vomiting, light-headedness, somnolence, constipation, and
akathisia.® In short-term trials, aripiprazole was associ-
ated with a 15% incidence of akathisia (compared with 4%
with placebo) in patients with bipolar mania and a 0.71-kg
increase in weight (compared with a 0.05-kg decrease with
placebo) in patients with schizophrenia.'®®

DISCUSSION

Antipsychotics are prescribed for a wide range of con-
ditions. In addition to being the standard of care for psy-
chosis, atypical antipsychotics are prescribed more than
70% of the time outside the FDA-approved labeling for
patients with nonpsychotic conditions (e.g., anxiety disor-
der and mood stability in bipolar disorder).*’ Because pri-
mary care physicians are likely to prescribe an antipsy-
chotic or see patients receiving these medications, it is
important that they are aware of the differences that exist
among the various atypical antipsychotics.

The main reason for the development of atypical anti-
psychotics was to provide an antipsychotic treatment op-
tion that was free of EPS and, further, to reduce the risk
of tardive dyskinesia. Although many agents now claim to
be atypical, the data presented suggest that only clozapine
and quetiapine are true atypical antipsychotics. Of the
available agents, clozapine and quetiapine show the lowest
affinity for and the most rapid release from D, receptors.’
As a result, clozapine and quetiapine have been shown to
have an incidence of EPS that was no different from pla-
cebo across the full dosage range.*

Promotion of risperidone, olanzapine, ziprasidone, and
possibly aripiprazole has emphasized the atypicality of
these agents; however, based on the data presented here,
one should question whether these agents are truly atypical
antipsychotics. Both risperidone and olanzapine have
demonstrated EPS levels similar to placebo at low doses;
at higher doses, however, EPS incidence for both agents
becomes greater than with placebo.* Data for ziprasidone
are limited; however, ziprasidone appears to have an EPS
risk similar to that of risperidone and olanzapine.***’” Ari-
piprazole has been associated with akathisia; however, fur-
ther study and experience with this drug are needed before
definitive conclusions can be drawn.

CONCLUSION

A review of the pharmacologic and clinical information
to date for all available antipsychotics would indicate
that quetiapine and clozapine are the only “true” atypicals
when one considers D,-receplor activity, propensity to-
ward EPS, and, by correlation, risk for tardive dyskinesia.
Other agents cannot be considered atypical by this defini-
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tion, particularly if used in doses that cause EPS in gen-
eral or akathisia in particular. Clinicians must consider
the true definition of “atypical antipsychotic” when pre-
scribing a newer agent and must ultimately be satisfied
with the short-term and long-term safety of that agent.

Drug names: aripiprazole (Abilify), clozapine (Clozaril, FazaClo.
and others), haloperidol (Haldol and others), olanzapine (Zyprexa),
quetiapine (Seroquel), risperidone (Risperdal), ziprasidone (Geodon).
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Schizophrenia is characterized by a range of positive and negative
symploms, and cognitive deficits. While positive symptoms
respond to current antipsychotic agents, negative symptoms and
cognitive deficits are often resistant to pharmacopea. Thus research
is now focused on developing third-generation antipsychotics that
combine antagonism or particl agonism at dopamine Dj-like
Yeceptors with agonism at serotonin 5-HT1a receptors. Such an

~associgtion is anticipated to provide therapeutic benefits against a
broader range of schizophrenia symptoms. Bifeprunox is one such
third-generation antipsychotic agent which acts as a i
agonist at Da-like receptors and is an efficacious agonist at 5-HT1a
receptors, with little interaction at 5-HTaspnc, muscarinic or
Iistaminergic Hi receptors. This review summarizes the
pharmacological profiles of the current antipsychotic agents and
describes the rationale behind the development of third-generation
antipsychotics. It also evaluates current data concerning
bifeprunox in comparison with currently available antipsychotics,
as well as those that are still under clinical development.

Keywords 5HTya receptor, antipsychotic, bifeprunox, Dy-like
receptor, schizophrenia . )

Introduction

Overview of schizophrenia .
Schizophrenia, characterized by late adolescent or -early
adult onset and, in the majority of cases, a chronic course, is
a devastating psychiatric disease with a lifetime prevalerce
of 1 to 5% [1]. This pathology presents multiple facets
"to overcome, including the overt  positive ' symptoms
(eg, hallucinations and delusions), negative symptoms
(eg flat affect, avolition and anergia) and cognitive

dysfunction (eg, working memory [WM] impairment, -

perseveration and attention deficits). These cognitive deficits
are considered part of the core symptoms of the pathology,
and the limited efficacy of antipsychotics to controi them
hampers the social rehabilitation of patients [23]. In
addition, approximately one third of patients are resistant to
pharmacological treatment, underlining the need for more
efficacious antipsychotic agents.

In vitro profile of current antipsychotic agents

All current antipsychotic agents interact, with varying
potencies and selectivities, ‘at dopamine (DA) Dy-like
receptors, a property considered fundamental in the
therapeutic mechanism of this class of agents. The presence

of dysfunctional' dopaminergic neurotransmission
schizophrenia is supported by multiple observations,
including PBY studies showing that patients have an
increased sensitivity to acute challenge with the DA
releaser d-amphetamine [4], the abuse of DA-releasing
amphetamine-like drugs producing psychotic episodes [5],
antipsychotic compounds increasing the turnover of DA in .
the brain as a consequience of a blockade of DA receptors [6],
and the correlation between the potency of antipsychotics
used in the clinic for the control of psychosis and their
in vitro affinity for the D, receptor subtype [7].

The first-generation antipsychotics (eg, chlorpromazine
[Largactil] and haloperidol [Haldol]) potently antagonize
Do-like receptors and are thought to mediate their activity
against the positive symptoms of schizophrenia by opposing
the excessive stimulation of D;-like receptors resulting from
an overactivity of mesolimbic dopaminergic projections.
However, these antipsychotics fail to alleviate the
hypoactivity of mesocortical dopaminergic neurons, which
is thought to underlie the negative symptoms and cognitive
deficits [8]. In addition, selective D>-like receptor antagonists

. also block nigrostriatal dopaminergic activity leading to

extrapyramidal symptoms (BPS), including dystonia and
dyskinesia. Furthermore, the blockade of pituitary-located
D2 receptors prevents tonic inhibition of prolactin release by
endogenous DA, resulting in elevated plasma prolactin
levels [9]. These observations have motivated the search for
improved antipsychotics to not only control the positive
symptoms of schizophrenia but also the negative symptoms
and cognitive deficits, and with a diminished impact on EPS
and prolactin.

In response to this need, the atypical (second-generation)
antipsychotics were developed, including clozapine
{Clozaril), risperidone (Risperdal), olanzapine (Zyprexa) and
ziprasidone (Geodon; all Table 1). Clozapine partially
fulfilled the improved therapeutic profile required through
its actions at a variety of receptors other than D, It also acts
as an antagonist at the Dy, Dy-like, 5-HT1A/23/1° 5-HTe/7, 12
adrenergic receptors, a muscarinic receptor antagonist (M1,
M2, M3 and MS) or partial agonist (M4), and as a 5-HT1a
receptor partial agonist [10]. Purthermore, its principal
metabolite, N-desmethylclozapine, is a partial agonist at D,
receptors and the M1 to M5 receptors {11,12]. However,
clozapine also potently antagonizes H; receptors, a property
that likely underlies the sedation and metabolic disturbances
observed with this antipsychotic agent In addition,
clozapine provokes potentially fatal agranulocytosis that
prevents its use as a first-line treatment. The 'rich’ (or 'dirty’)
pharmacological profile of clozapine has raised the issue of
identifying compounds that exhibit combinations of receptor
activities or 'pharmacological cocktails' that would yield an
atypical profile without the metabolic/sedative side-effects.
Rigperidone is the most widely prescribed atypical
antipsychotic agent and possesses more potent antagonist
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Table 1. The structures and dovelopment status of antipsychotic agents possasslng combined 5-NTya receptor agonism and Dyilke

antagonism/partial agonism (continued).

Compound

Structure

Developmont status

F-15063 (Centre de Recherche Pierre Fabre)

(5?
o\

Discovery

—

SSR-181507 (sanofi-aventis)

“CE:T“

No development reported

HN

o
/\A eI
H

properties at serotonin 5-HT24 than De-like receptors [13].
Antagonism at 5-HTz4 receptors is also a key element of
several other second-| ion antipsychotics, including
olanzapine and ziprasidone and is thought to contribute to
their atypical profile by favoring . dopaminergic
neurotransmission in the frontal cortex, thus alleviating
hypofrontality in schizophrenic patients {14,15]. However,
these antipsychotics also exhibit shortcomings, including
dose-dependent EPS (risperidone), metabolic disturbances
(clozapine and olanzapine) and potential cardiac arrhythmia
(ziprasidone) underlining the need for novel therapeutic
approaches to the treatment of schizophrenia. Among the
strategies. developed to overcome these shortfalls [16], two
have gained prominence in the identification of new third-
generation antipsychotics with improved therapeutic
activity and decreased incidence of side-effects. These
increasingly utilized strategies include the selection of
ligands with Dy-like receptor partial agonist properties as
well as the selection of ligands with affinity for Dy-like
A\ receptors and agonist activity at 5-HT1a receptots.

v it

Rationale for the use of Drlike receptor partial
agonists in the treatment of schizophrenia

Several considerations, which are linked fo improved
tolerance and a potential efficacy for the treatment of
psychosis, suggest that Dx-like receptor partial agonists (the
'DA stabilizers) could constitute successful therapies for
schizophrenia; the premise being that partial agonists
should be capable of opposing the excessive activation of
receptors while maintaining & modest stimulation of the
target sites. Thus, the benefits of conventional Dj-like
receptor antagonism may be achieved (ie, their potential to
reduce positive symptoms) without the side-effects induced
by total blockade of these receptors. EPS are associated with
antagonism of striatal D; receptors, and PET studies in
humans with first-generation antipsychotics indicated that
these symptoms are associated with high levels of

occupancy (above ~ 70%), thus preventing normal signaling

by endogenous DA [17]. In addition, a number of
conventional antipsychotics exhibit inverse agonist
properties at Dy receptors.in vitro, lowering the constitutive
activation of the receptor [18,19]; however, such activity has
not been demonstrated in vivo. In comparison, partial

agonists are an attractive option because they do not
completely block D; receptor signaling, but rather stimulate
a modest level of receptor activation even when high levels
of receptor occupation are achieved, therefore reducing the
likehood of EPS. A further beneficial effect that could be
achieved with the use of DA stabilizers relates to the
antaganism of D receptors expressed on pituitary-located
lactotrophs, which prevents feedback inhibition of prolactin
release by endogenous DA. As a result D; receptor
antagonists increase plasma prolactin levels, a response that
can result in side-effects, including galactorrhes,
gynecomastia and a negative impact on sexual functions {9].
Some of these side-effects can be attenuated by treatment
with Dy receptor agonists such as bromocriptine and™
cabergoline [20]. Therefore, a partial agonist at D; receptors
wonld avoid the complete blockade of pituitary D2 receptors
and -thus permit continued suppression of prolactin release,
thereby reducing newroendocrine disturbance. A further
benefit could result from the fact that low doses of Dy-like
receptor partial agonists preferentially activate presynaptic
receptors, which control the synthesis and release of DA, as
well as the firing rate of dopaminergic neurons [21s]. Thus,
by activating presynaptic Dxlike receptors, partial agonists
are predicted to attenuate over active mesolimbic DA
neurotransmission, thus contributing to an antipsychotic
action. As a complementary mechanism, partial agonism at
overactive postsynaptic Drlike receptors attenuates the
activation induced by the endogenous fall agonist (ie, DA),
thus reinforcing the antipsychotic influence of the
compound. »

While the rationale for the use of partial agonists is
attractive, the degree of Do-like receptor partial agonism
required to produce the proposed benefits is unclear. Several
clinical studies with selective Dy-like receptor partial
agonists, including talipexole, ‘preclamol (University of
Maryland; Figure 1), roxindole and pramipexole, failed to
show a clear therapeutic effect on the positive symptoms of
schizophrenia, although beneficial activity against negative
symptoms has been suggested [22+]. Furthermore, the use of
higher doses of partial agonists is associated. with a
wormsening of positive symptoms, possibly related to the
activation of postsynaptic Dz-like receptors [22¢]. In one
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Figure 1. The structure of preclamol.
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early clinical study using preclamol there was a lack of a
robust entipsychotic action and although significant
antipsychotic effects were observed following one week of
treatment, no effect was observed at the end of the second or
third weeks, suggesting some adaptation or tolerance to the
treatment [23¢]. As a result, a lower level of efficacy at
Dy-like receptors was suggested to be necessary to maintain
antipsychotic response.

Aripiprazole (Abilify; Table 1) is the only antipsychotic
agent with partial agonism at Dylike receptors that has
achieved marketing approval [24]. In clinical trials,
aripiprazole exhibited antipsychotic activity similar to that
of haloperidol and risperidone [25). The side-effect profile of
this compound appears to be acceptable {25], although
recent case studies suggest that it is not completely free from
motor dysfunction liability, including tardive dyskinesia [26}
and exacerbation of Parkinson's disease-related akinesia
[27]. While the actions of aripiprazole at multiple receptor
targets cannot be discounted [28], the partial agonist activity
at Do-like receptors undoubtedly contributes significantly to
its profile. However, the pharmacological relevance of
aripiprazole’s partial agonist properties is complicated by
the fact that some of its metabolites exhibit antagonist
activity in rats, which may oppose its partial agonist
influence [29,30]. Thus, the rationale for the use of Dylike
receptor partial agonists warrants further experimental and
clinjcal validation with other Dy-like partial agonists.

Rationale for assoclating 5-HT,, receptor

activation with Drlike receptor interaction

Compelling reasons exist to combine 5-HT1a agonism with
Do-like receptor interaction to form third-generation
antipsychotic agents [31s, 32¢,3334].. Agonist activity at
5-HTia receptors may improve cognitive performance in
patients with schizophrenia, including WM and reference
memory (RM), and cognitive flexibility. 5-HT) receptors are
upregulated in the frontal cortex of patients with
schizophrenia, possibly as a compensation to insufficient
activation of this site {35,36], and exploratory clinical trials
have shown that 5-HT1, receptor partial agonists do not
impair [37] but rather ameliorate cognition in neuroleptic-
treated patients with schizophrenia [38,39]. Purthermore,
5-HT14 receptors are expressed on glutamatergic neurons in
the frontal cortex where they decrease glutamate release in
response to 5-HT14 agonists {20]. This decrease influences
signaling at glutamatergic receptors, including both NMDA
and non-NMDA (ie, AMPA, kainate and metabotropic)
receptors and might thus be involved in attenuating the
cognitive and behavioral deficits induced by NMDA

receptor hypofunction. NMDA receptor blockade elicits
excessive glutamate outflow which may contribute to
mnesic/cognitive  disruption in schizophrenia [41,42).
However, the neurocircuitry underlying the influence of
S-HTya receptors on cognitive function is complex, and the
localization of this receptor has been demonstrated in
several areas associated with the control of mood and
cognition, including the hippocampus, lateral septum and
entorhinal cortex [32+,33]. Another reason to combine
5-HTa agonism with Dy-like receptor interaction is that the
activation of 5-HTia receptors may provide improved
control of negative symptoms, including deficits in social
interaction and mood. 5-HT;a veceptors are expressed in
brain regions controlling frontal cortex dopaminergic
neurotransmission, which is thought to influence negative
symptomatology [33,43e,44]. In microdialysis experiments,
5-HT14 receptor agonists increased extracellnlar levels of DA
in the frontal cortex [4548], suggesting that they may
alleviate hypofrontality in patients with schizophrenia.
PFurthermore, 5-HTi4 receptor partial agonists (eg, buspirone
and tandospirone) are clinically effective in the treatment of
generalized anxiety, which suggests that antipsychotics
acting as 5-HTi4 agonists provide an additional beneficial
influence on co-morbid mood disorders [34,49.51]. Further
compelling reasons for developing a compound with
combined 5-HT1a agonism and Dy-like receptor interaction
include the observations that activation of 5-HTia receptors
reduces BPS liability, and 5-HTia receptor agonists attenuate
catalepsy induced by typical antipsychotics in rats [52-54]

and BPS-related signs in non-human primates [55,56]. These

findings indicate that 5-HTys activation should reduce EPS
induced by D, receptor blockade. Clinical date to support
this observation have been shown in add-on studies using

buspirone or tandospirone, whereby EPS were attenuated in

neuroleptic-treated patients with schizophrenia [57-60].
Finally, clozapine, ziprasidone and aripiprazole behave as
partial agonists at 5-HTys receptors in various in vitro
functional models [61-63]. 5-HT:a receptor partial agonism
underlies the anxiolytic and anticataleptic influence of
clozapine in rats [64,65], suggesting that it may therefore
contribute to clozapine's superior therapeutic profile. Based
on the above rationale, several compounds with combined
D,/5-HTia properties have also been investigated with
varying success (see Table 1), including bifeprunox
(DU-127090;  Solvay SA/H  Lunbeck  AS/Wyeth
Pharmaceticals), SLV-313 (Solvay SA /Wyeth Pharmaceuticals)
[66,67], RGI-188 (Gedeon Richter Ltd/Forest Laboratories
Inc/Mitsubishi Pharma Corp) [68], SSR-181507 (sanofi-
aventis) [69,70] and F-15063 (Centre de Recherche Pierre
Fabre) [71-73].

Pharmacological profile of bifeprunox, a third-
generation antipsychotic

Bifeprunox is the most advanced compound in development
that fulfils the criteria for a third-generation antipsychotic. It
selectively targets receptors of the Dy like family (D, Ds and
Dy receptors) and 5-HTia receptors, acting as a partial
agonist at both targets (Table 2; [66,74]).

"In two phase IN clinical bials, bifeprunox (20 and 30 mg)
displayed modest antipsychotic activity in patients with acute -
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psychosis, but the improvement wes less marked than that
observed with risperidone (6 mg), and an 8-day dose titration
period was necessary in bifeprunox-treated patients to
minimize adverse effects such as nausea and vomiting [75e,76],
A third clinical study of acutely psychotic patients did not
yield any significant effects following the administration of
bifeprunox (20 and 30 mg), wheress olnzapine (15 mg)
produced significant effects [77]. However, in all of these
studies bifeprunox exhibited a favorable tolerance profile with
minimal EPS and none of the metabolic interference associated
with other antipsychotics, such as olanzapine. Bifeprunox
reduced nondasting cholesterol, glicose and trigiyceride
levels, and caused a slight decrease in body weight [75¢,76,77).
A long-term efficacy and safety study showed that bifeprunox
(20 and 30 mg) was well tolerated over a 6-month treatment
period and reduced the rate of psychopathological
deterioration in patients with schizophrenia [78]. Studies
examining the use of bifeprunox in patients with
schizophrenia who have experienced side effects with current
antipsychotics have not yet been reported but would be of
considerable interest.

in vitre receptor profile of bifeprunox: Binding
affinity

Original data for bifeprunox indicated pK; values of 8.5 and
8.2 at human D, and 5-HTi, receptors, respectively (Table 2)
{79¢]. However, methodological information is lacking and
another study reported a wider separation (> 40-fold) in binding
affinity between the two receptors, with a pK; value of 7.2 at
5-HT1a receptors in the rat cortex [62). This reflects the fact
that 5-HTha receptor actions of bifeprunox are principally
observed at higher concentrations in measures of signal
transduction i1 vitro, and in neurochemical measures of
serotonin and DA release in vivo (see below). In comparison
with other Dz-like receptors, bifeprunox has a high affinity
at human D; and D receptors, although discrepancy exists
between the data reported for Dy affinity by Marquis and

colleagues [79)] and those reported by other researchers
(Table 2) [80]. While this issue requires further clarification,
it is of interest to compare the difference in affinity for D,
receptors between bifeprunox and aripiprazole.

It is significant to note that bifepranox displays a weak
interaction at 5-HTaa and 5-HTyc receptors, as this marks a
departure from the ‘recipe’ that has guided antipsychotic

drug discovery for the past two decades - that atypicality

requires potent antagonism of 5-HT>s receptors and more
modest antagonism of Da-like receptors [33]. Antipsychotics
with this profile include clozapine, risperidone, olanzapine
and ziprasidone, and while acting as a D, receptor partial
agonist ariplprazole also exhibils antagonism of 5-HTa
receptors (Table 2) [28]. Therefore, bifeprunox is the
first antipsychotic to specifically target Drlike and
5-HTia receptor activity, a fundamental property in the
development of new third-generation antipsychotics.
However, defining a generation of antipsychotics purely
on in vitro binding data risks overlooking important
information derived from functional studies. Even a
relatively modest affinity at ceriain receptors could translate
to marked physiological effects in vivo, depending on the
level of agonist efficacy. In this context, it is interesting to
note that although bifeprunox has a pK; value at 5HT
receptors of only 6.6 (Table 2) [81], it is the only
antipsychotic to act as a partial agonist at this target (see
below). Furthermore, the affinity of bifeprunox at 5-HT,
receptors is similar to that of 8-OH-DPAT, a compound that
hag demonstrated influence at this receptor in zivo [82,83].

In addition, bifepruncx has a low affinity at a multitude of
other receptors, including a; and a; adrenoceptors, and M1
and H: receptors, all of which are associated with various
adverse effects. For example, potent o; antagonism is
associated with orthostatic hypotension, and muscarinic

Table 2. in vitro binding profile of bifeprunox In comparison with aripliprazole.

Receptor Radloligand Tissue pK, velues Reference
Bifoprunox Arlpliprazole
hD; NR NR 8.5 8.3 {794
1D, "Hinemonapride Striatal membrane (r) 8.8 8.6 [62]
hDs NR NR 9.1 8.4 [79s)
hD, NR NR 8.0 7.0 [79]
hDee [ Hispiperone CHO ceil membrane - 9.5 7.3 {80)
h5-HT NR NR 8.2 8.1 [79e]
t 5-HTa ["H]8-OH-DPAT Cortex membrane {r) 7.2 7.4 [62)
h6-HT PHI3-OH-DPAT Hela cell membrane 7.7 7.3 [62]
h 5-HTa NR NR 6.1 7.8 794}
h 5-HTzc NR NR <6.0 7.3 [794]
h 5-HT5a PHISCT HEK293 cell membrane 6.6 6.7 (81}
T oy NR NR 6.9 7.0 [794]
a2 NR NR <8.0 <60 {799)
h M1 NR NR -<6.0 <6.0 [79°)
r Hy NR NR <8.0 7.0 {794}

h human, NR nol reported, r rat.
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receptor antagonism leads to autonomic side-effects such as
dry mouth, constipation, and also possibly memory and
cognitive disturbances [84]. Furthermore, blockade of H;
and 5-HTx receptors may be responsible for problems of
sedation and weight gain/metabolic disturbance observed
with clozapine and olanzapine [84]. These in vitro data are
consistent with the favorable tolerance profile of bifeprunox
observed in cliniral trials. '

In vitro receptor profile of bifeprunox: Activation
of signal transduction

Multiple in vitro models have characterized the partial
agonist properties of bifeprunox .at Do-like receptors,
including G-protein ectivation ([¥S]JGTPYS binding),
adenylyl cyclase inhibition (cAMP accumulation measures),
ERK1/2 phosphorylation and G-protein-regulated inwardly
rectifying K+ (GIRK) channel currents in Xenopus oocytes
(Table 3). In all of these measures bifeprunox behaves as a
partial agonist at D, receptors, although Bo.x values differed
between 26 and 76% depending on the experimental
conditions and -the reference ligand chosen as the full
agonist comparator (Table 3). This raises an important
question concerning the desirable level of agonist efficacy,
because in vitro tests provide relative measures that do not
necessarily reflect the agonist and/or antagonist properties
displayed in humans. Therefore, other factors could modify
the level of activation in different brain regions in vivo,
including receptor expression levels, different G-protein
sabtypes and the presence of receptor dimers. In addition, it
remains to be determined whether bifeprunox exhibits
‘functional selectivity’ (or agonist-directed trafficking of
receptor signaling) at D, receptors, as has been reported for
aripiprazole [19,28,29,85,86]. According to this concept,
agonists may be highly efficacious or potent for some signal
transduction pathways, but weak at others, possibly

influencing the therapeutic and/or side-effect profiles of the
compounds. Nonetheless, bifeprunox has exhibited classic
partial agonist properties in rat striatal slices, with a slight
inhibition of adenylyl cyclase activity, while low
concentrations (3 nM) attenuated the marked inhibition
induced by the efficacious agonist quinpirole [87].

Bifeprunox also acts as a partial agonist (Emae values = 31 to
74%) at 5-HTja receptors but with substantially lower
potency than at D; receptors (pECsp ~ 6.5 versus ~ 8,

respectively, indicating ~ 30-fold potency separation; Table 3).

Thus, bifeprunox exhibited substantial efficacy but only
modest potency in tests of G-protein activation at rat
hippocampal 5-HTia receptors as well as cloned human
5-HTia receptors in recombinant cell lines. Modest potency
was also observed in models of human 5-HT1a receptor-
mediated adenylyl cyclase inhibition [62] as well as ERK1/2
phosphorylation [88¢]. Interestingly, other third-generation
antipsychotics exhibit more balanced activities at 5-HTis
and D; receptors, for example, SLV-313, SSR-181507 and
aripiprazole show reinforced 5-HT14 receptor activation

 relative to D; receptor interaction (Table 3) [89]. These data

strongly suggest that in comparison with other novel
antipsychotics, the activation of 5-HT:;s receptors by
bifeprunox is expected to be less prominent than its
activation of D; receptors.

Bifeprunox behaves as a partial agonist at D, receptors and
at 5-HTy receptors (Table 3) [80,81). While the therapeutic
relevance of these actions is unclear, weak partial agonismi
{or even antagonism) at Dy receptors has been suggested to
be beneficial in rodent [90-92] and monkey [93] models of
cognition and exploratory behavior, With regards to 5-HTy
receptors, antagonist properties at this receptor may be
involved in the control of the positive symptoms of

Table 3. In vitro functional Influence of bifeprunox in models of dopaminerglc and serotonerglc receptor activation.

Raceptor | Tissue Efficacy moasure *Efficacy (%) Potency (PECs) | Reference

h Dpg - | SO coll mambrane G-protein activation 26 3.56 (124}

h Dgs CHO cell Adenytyl cyciase inhibition 28 nd - {789}
(vs quinpirole)

h D CHO call ERK1/2 phosphorylation 76 7.40 [88s}

hDz Xenopus cocyte GIRK channel currents nd {19}
{vs quinpirole) .

rD; Rat striatal siice Adenylyl cyclase Inhibition 66 nd [79s)

: {vs quinplrole)

h Dy CHO cofl G-protein activation 18 8.12 £80]

h Des Xenopus oocyte GIRK channel currents 27 nd (80}

r 5-HTsa Rat hippocampal membrane | G-protein activation 36 6.37 (62]

h 5-HTq, Hela celt membrane G-protein activation 61 8.49 {62}

h5HTy, | Helacell Adenylyl cyciase inhibition 31 nd {62]

h 5-HTu CHO cell Adenylyl cydase Inhibition 73 nd {790]

. {vs 8-OH-DPAT)
h&-HT, | CRO cell ERK1/2 phospharylation 74 6.46 (88e)
h 5-HT; HEK293 call Adenylyt cyclase aclivation 20 532 (81}

CHO Chinese hamster ovary, GIRK G-protein-reguiated Inwardly rectifying X', h human, nd not determined, r rat. *Ems values are
expressed as a percentage of the effect of dopamine (for the D3 and D, receptors) or of serotonin (for the 5-HT:4 and 5-HT, receptors) unless

otherwise stated.
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schizophrenia [94-96]. However, activation of 5HTy
receptors enhances memory formation and attenuates
dizocilpine-induced amnesia [97,98). Furthermore, 5HTy
gene knockout mice showed ifmpairments in contextual
learning [99], suggesting that the 5-HT; receptor agonism
exhibited by bifeprunox may be relevant to its activity in
models of cognitive deficits of schizophrenia.

Neurochemical measures and electrophyslology
Dahan and colleagues investigated the electrophysiological
measures of bifeprunox and reported that the compound
partially inhibits tonic ventral tegmental area (VTA) firing
activity while completely suppressing burst firing of VTA
dopaminergic neurons (BDwo = 200 pg/kg iv; Table 4)
[100¢]. This activity was blocked by prior administration of
haloperidol. In addition, bifeprunox (100 pg/ kg iv) partially
reversed the inhibitory effects of apomorphine on basal
firing wates, consistent with partial agonism at presynaptic
Drlike receptors. In comparison, aripiprazole also
suppresses VTA burst firing, which is in agreement with its
recent description as a 'phasic component buster' [101].
Nevertheless, aripiprazole has a less marked influence on
basal firing rates (~ 30% . inhibition for aripiprazole versus
~50% for bifeprunox) [100s], suggesting that bifeprunox has
a greater agonist activity at VT A-localized Dx-like receptors.
Bifeprunox also inhibits the firing of dorsal Raphe nucleus
(DRN) serotonergic neurons (EDyo = 482 pg/kg iv),
consistent with agonist properties at somatodendritic 5-HT;a
receptors and confirmed by the fact that its influence is
blocked by the selective 5-HTia receptor antagonist,
WAY-100635. Interestingly, the potency of bifeprunox for
suppressing VTA neuron burst firing is only 25-fold greater
than its potency for inhibiting the electrical activity of
DRN neuroms [100¢]. This demonstrates that in
electrophysiological measures a balanced influence is
observed between the Dy-like end 5-HTi4 receptor partial
agonist properties of bifeprunox, and contrasts with the
wider separation seen in vitro and in neurochemical
measures in vivo (see below).

Two studies have investigated the neurochemical properties
of bifeprunox. Van Kolfschoten and colleagues reported
that bifeprunox modestly decreased nucleus accumbens
serotonin levels (~ 25% below contvol), although the
siatistical significance of this effect was not reported
(Table 4) [102]. In contrast, bifeprunox clearly decreased
serotonin  levels (50% below basal) in the ventral
hippocampus [43s]. This decrease, consistent with agonist
properties at inhibitory presynaptic 5-HTja receptors, was
blocked by pre-administration of WAY-100635, but was only
observed at doses that are markedly higher than those
which influenced DA levels and that were active in various
behavioral tests of antipsychotic-like activity (2.5 mg/kg ip
compared with 0.03 mg/kg respectively). Similarly,
decreases in serotonin synthesié rate (as determined by
measuring 5-hydroxybryptophan  [5-HTP] levels in the
striatum) were only observed at oral doses of 10 and
30 mg/kg [102¢], whereas the selective 5HT;a receptor
agonist, 8-OH-DPAT reduced S5HIP levels at
intraperitoneal doses from 0.3 mg/kg. These neurochemical

data indicate that bifeprunox only has a modest potency at
5-HT14 autoreceptors controlling serotonin release.

Bifeprunox diminishes extracellular DA levels in the nucleus
accumbens at low doses (0.03 to 0.3 mg/kg ip) consistent
with its presynaptic Dx-like receptor agonist activity [102s].
In the frontal cortex bifeprunox fails to increase DA levels,
and actually tends to decrease them in this region [43s]. This
profile is similar to that reported for aripiprazole under the
same conditions [43¢], and is a characteristic neurochemical

response to partial agonists at Da-like veceptors. While a -
.decrease in DA in the nucleus accumbens may contribute to

the control of the positive symptoms of schizophrenia,
established atypical antipsychotics (eg  clozapine,
risperidone and olanzapine) substantially increase DA
transmission in the frontal cortex, a response associated
with a beneficial influence on negative symptoms and
cognitive deficits [44]. Other putative third-generation
antipsychotics under evaluation, including SLV-313, F-15063
and SSR-181507, also increase DA levels in the frontal cortex
[43+,103]. Thus, these neurochemical data question the
extent to which increases in frontal cortex DA
neurctransmission are necessary to attenuate deficits in
cognition and/or negative symptoms, such as those elicited
by NMDA receptor antagonism (see below). If increased
dopaminergic neurotransmission is- important to reduce the
hypofrontality observed in patients with schizophrenia,
bifeprunox may be less effective on some measures of
fronto-cortical  activity than other
antipsychotics. It appears that the 5-HT) agonist properties
of bifeprunox are insufficient to over-ride the predominant
inhibitory influence of its agonist properties at Dylike
receptors on cortical DA release. An interesting comparison
can be made with SSR-181507; this compound also exhibits
Dy-like receptor partial agonism, but has a more pronounced
5HTia agonist activity. Correspondingly, SSR-181507
significantly increases DA release in the rat frontal cortex
[43+,60].

Activity of bifeprunox in behavioral models of
positive symptoms of schizophrenia

Consistent with its partial agonist properties at Do-like
receptors, bifeprunox opposes behaviors induced in rodents
through the activation of dopaminergic neurotransmission.
Thus, bifeprunox is active in conventional rodent models
predictive of antipsychotic-like activity, including methyl-
phenidate-induced stereotyped behaviors, d-amphetantine-
or ketamine-induced hyperlocomotion and conditioned
avoidance responding (BDy = 0.03 to 1.9 mg/ kg ip) [102s,
104,105#,106,107+]. Bifeprunox also blocks apomorphine-
induced climbing behavior or phencyclidine (PCP)-induced
hyperactivity in mice [105s,108]. In a rat model of
apomorphine-induced deficit of prepulse inhibition (PPT) of
the startle reflex, bifepranox is active at low doses (minimal
effective dose [MED] = 0.04 mg/kg ip), although the dose-
response curve shows an inverted U-shape (see below) [109].
While these data are consistent with activity against
psychotic symptoms i schizophrenia, some additional
comments must be made. First, the test of methylphenidate-
induced behaviers is a rigorous evaluation of DA

third-generation
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Table 4. Pharmacological activity of bifeprunox in rat slectrophyslolosical and nourochemical tosts.
Routs

Mode! Response .*Dose (mg/kg) Reference
VTA dopamine neuron firing inhibits VTA neuron burst firing v 200 pg/kg (ED1wo) [100s)
DRN serotonin neuron firing Inhibits DRN neuron firing v 482 pg/kg (EDyo) [100¢}
Striatal levodopa accumulation Minor Increase in DA synthesls po 1010 30 {102s)
Striatal S-HTP accumulation Decreased 5-HT synthesis po 10t0 30 {1024}
Medial pre-fronfai cortex dopamine release | Does not increase dopamine levels ip 0.63 10 10 {43]
Nucleus accumbens dopamine relsase Decreasas dopamine ip 0.03t00.3 [102¢]
Ventral hippocampus 5-HT release Decreasas 5-HT ip 2.510 40 [434]
Nudleus accumbens 5-HT release Modestly decreases 5-HT levels ip 0.1to3 {102e]

DA dopamine, DRN dorsal Raphe nucleus, 5-HTP S-hydraxytryptophan, VTA ventral tegmental area. *Unlass otherwise stated, data indicate

EDso values or active range.

receptor antagonism [110} and only incisive De-like receptor
antagonists, such as  haloperidol,  risperidone,
SLV-313 and F-15063, are able to completely reverse (or
normalize) all of the observed stereotypic behaviors [72,107].
In contrast, bifeprunox potently blocks methylphenidate-
induced gnawing (BDs = 0.08 mg/kg ip) but requires
60-fold higher doses to reverse the other behaviors
(eg, rearing and eniffing). This separation of doses is likely a
consequence of its partial agoniam at Dz-like receptors and
suggests that bifeprunox may not be as effective as
antipsychotics that possess pure Do-like receptor antagonism
in controlling psychosis in patients with substential
dopaminergic hyperactivity (see above for comments
regarding clinical efficacy). Thus, the use of bifeprumox may
be of greater interest in stabilized patients, particularly in
view of its favorable tolerance profile. In addition, there is
some discrepancy between the doses reported in
preliminary reporis by Hertel and colleagues [105¢,106] in
tests of amphetamine-induced hyperactivity and
conditioned avoidance responding, and those reported by
Bardin and colleagues [107s]. The reasons for this are
unclear, but may be related to differences in methodology
and/or route of administration (ip versus sc; see Table 5).
Clarification of this issue awaits publication of full
methodological information.

Activity of bifeprunox in behavioral models of
negative and cognitive symptoms of
schizophrenia

As discussed earlier, controlling positive symptomatology is
not sufficient to enable patients with schizophrenia to retumn
to normal social activity; therefore there remains an unmet
need for relieving the negative symptoms and
memory/cognitive deficits associated with the pathology
and it is essential that preclinical tests characterize potential
antipsychotics in these terms. Based on the hypothesis that
glutamatergic (NMDA receptor) intetference is involved in
schizophrenia [111,112], bifeprunox was compared with
several other antipsychotics in three models of negative
symptoms and deficits of cognition/memory produced by
the non-competitive antagonist of NMDA-glutamatergic
receptors, PCP [73,113,114¢,115). These models evaluated
social interaction between two adult rats, spatial memory
using a hole-board apparatus, and a reversal learning task
(RLT) using a two-lever food-reinforced operant schedule,

When a pair of unfamiliar adult rats are placed in an open
field, they will interact socially (eg, sniffing, following and
climbing over one another), and PCP (25 mg/kg sc)
reduces this level of interaction. Bifeprunox (0.01 to
0.63 mg/kg ip) failed to produce notable effects in this
model of social interaction compared with other third-
generation antipsychotics (SSR-181507, FR-15063 and
aripiprazole), all of which significantly opposed the
deleterious effects of PCP, suggesting that their balance
of dopaminergic and serotonergic properties are
more favorable [73,113,114e]. The activity of aripiprazole,
SR-181507 and F-15063 for reversing of PCP-induced social
interaction deficits is blocked by WAY-100635 {(a 5-HTia
receptor antagonist). These data suggest that the level of
5-HT1a rveceptor agonism of bifeprunox is insufficient to
show a beneficial effect in this test. In the holeboard modei,
the efficiency of rats to retrieve food pellets in four out of
sixteen holes in the floor of an arena serves to calculate
spatial memory. indices, including WM and RM.
Bifeprunox (0.63 mg/kg ip), SSR-181507 (1.25 mg/kg ip),
F-15063 (0.04 mg/kg ip), aripiprazole (0.16 mg/kg ip) and
haloperidol (0.04 mg/kg ip) all partially opposed the PCP
(25 mg/kg)-induced deficits of WM and RM [115,116].
However, SSR-181507 and F-15063 were the only
compounds that did not show deleterious effects of their
own. Furthermore, and contrary to bifeprunox, both
compounds increased exploratory behavior under basal
conditions, suggestive of disinhibitory/pro-exploratory
activity. Clozapine (0.63 mg/kg ip) exerted a marked
sedative influence and was mactive in all parameters
recorded, whether under basal conditions or with PCP
[73,115]. These data suggest that bifeprunox may have
favorable activity on some memory parameters associated
with blockade of NMDA receptors. Finally, abundant
experimental data support the implication of the cholinergic
system in schizophrenia {117], justifying investigation of its
sensitivity to antipsychotics. As a result, bifeprunox was
investigated in a model of "short-term memory: the
scopolamine-induced deficit of social recognition (73,115]. In
this model an adult rat was first exposed to a juvenile and
then re-exposed 30 min later, with the decrease in time spent
interacting during the second exposure providing an index
of memory. Treatment with scopolamine disrupted this
social recognition, consistent with the induction of amnesia.
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Table 5. Pharmacological activity of bifeprunox in behavioral modsls.

Model Response Route *Doss Reference
(mglkg)
Rat
Methyiphenidate-induced behavior Blocks gnawing ip 0.08 {107s}
Normalizes behavior ip 1.8
Blocks gnawing po 0.08 {1074
Normalizes behavior po 5.2
Amphetamine hyperfocomotion Blocks hypertocomotion p 0.63 [107]
sc 0.005 {1059}
Ketamine hyperlocamotion Blocks hypericcomotion Ip 1.25 [107+}
Conditioned avoidance Blocks behavior ip 0.03
sC 0.25 [1050}
Apomorphinednduced PP deficit Altenuates deficit ip 0.04t0 25 {109)
Turning in rats with unilateral 8-OHDA lesions Induces contralateral rotations sc 0.026 {102¢]
PCP-induced soclal interaction impairment Does not augment Interaction ip 0.01 10 0.63 [114+]
PCP-induced deflcit in holeboard Improves working and reference memory ip 0.16 {115]
- Diminighes latency time to first visit ip 0.18
Scopolamine-induced social recognition deficit | Does not reverse deficit ip 0.0025 to 0.63
Foot-shock-induced uttrasenic vocalization Decreases vocalization sC 0.02100.16 [118]
§-32504 (Dy/D, agonist) drug discrimination No significant generalization to S-32504 ip 0683105 [118]
cue
Mouse
Occupancy of striatal D, receptors Inhibits radiotracer binding /n vivo ip 0.25 (1Dg) [128]
PCP-induced hyperiocomotion Blocks hyperlocomotion sC 0.0072 [1050]
Apomorphine stereotypy Blocks climbing ip 0.03 [108}
Blocks aniffing Ip 0.11
Plgeon
Flesinoxan (5-HT, agonist) discrimination | Partial generalization to flesinoxancue [ po | 3 | (119

6-OHDA 6-hydroxydopamine, PCP phencyciidine, PPl prepuise Inhibition. *Unless otherwise stated, data indicate EDg values or active

range.

Among the series of antipsychotics tested, only’clozapine,
olanzapine, F-15063 and SLV-313 were active in this model
whereas bifeprunox, over a wide dose range (0.01 to
0.63 mg/kg ip), did not significantly reverse the deficit
[73,115). It must also be noted that aripiprazole and
S6R-181507 did not show activity, suggesting that partial
agonistn  at D; receptors prevents attenuation of
scopolamine-induced deficit in this model.

These data indicate that bifeprunox does not have as
favorable a profile of activity in modeis of PCP or
scopolamine-induced memory deficits compared with
clozapine or some other third-generation antipsychotics, and
suggest that its activity at Dy-like and 5-HT1a receptors is
less suited than that of other compounds in these models of
cognition. However, prudence should be exerted when
attempting to extrapolate these data to the clinical setting,
Although differences may be detected between compounds
in pharmacological models, atypical antipsychotics often do
not, demonstrate the capacity to alleviate cognitive
dysfunction in patients with schizophrenia (as discussed
previously). Therefore, further exploration of the properties
of bifeprunox in models of cognition/memory is necessary
in a wider variety of behavioral tests.

Activity of bifeprunox in other behavioral models
In models of anxiety and/or depression in rats, bifeprunox
(EDx = 004 mg/kg sc) potently reduces fear-induced
ultrasonic vocalization (USV), a result reminiscent of that
observed with clozapine [64). This effect is abolished by
co-administration of low doses of either haloperidol
(0.04 mg/kg sc) or WAY-100635 (0.16 mg/ kg sc) [104,106],
suggesting that the actions of bifeprunox are mediated by a
combination of both Da-like and 5-HTya receptor activation.
Additionally, bifeprunox (0.1 mg/kg) is active in the
differential reinforcement of low rate operant schedule, a
model that is serwitive to antidepressant compounds [104].
FPinally, recent data show that bifeprunox and cozapine, but
not aripiprazole, exhibit potent effects in a model of .
anxiety/compulsive behavior (marble burying in mice)
[LA Bruins Slot, L Bardin, R Depoorttre, A Newman-
Tancredi, unpublished data]. These observations suggest the
potential activity of bifeprunox against some aspects of the
comorbid anxious-depressive states of schizophrenia, and
may differentiate bifeprunox from aripiprazole.

In drug discrimination experiments in rats utilizing S-32504
(a selective and efficacious D3 vs Dy receptor agonist} as
the discriminative training stimulus, bifeprunox dose-
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dependently attenuates the cue, but did not significantly
substitate at the highest dose tested (40% at 5 mg/kg ip)
{118]. These data are consistent with the partial agonist/
antagonist influence of bifeprunox at Drlike receptors
in vivo. Similarly, in pigeons trained to discriminate the
efficacious 5-HTya receptor agonist flesinoxan from vehicle,
bifeprunox substitutes only at a substantial dose (70% at
10 mg/kg po), suggesting a modest potency at 5-HTip
receptors. The substitution by bifeprunox is blocked by
co-treatment with the 5-HT:a receptor antagonist DU-125530
{119), which is consistent with the partial agonist activity of
bifeprunox at 5-HT1a receptors.

In rats with unilateral 6-hydroxydopamine lesions of the
substantia nigra (a classic model of Parkinson's disease),
bifeprunox potently induced robust contralateral rotation
behavior (EDs of 0.026 mg/kg sc) and displayed a maximal
effect approximately two thirds of that observed with
apomorphine [120]. Interestingly in the same model,
aripiprazole failed to elicit rotation behavior at doses up to
2.5 mg/kg, providing evidence that bifeprunox has greater
agonist properties at hypersensitive postsynaptic striatal
Drlike receptors. These data also support the potential
utility of bifeprunox in the treatment of psychosis in patients
with Parkinson's disease.

Activity of bifeprunox in madels predictive of side
effects

The maximal dose of bifeprunox tested (40 mg/kg ip) does
not produce catalepsy in rats; however, in the presence of
WAY-100635 (0.63 mg/ kg sc), catalepsy has been observed
[121]. This finding illustrates that the 5-HTia receptor
agonist activity of bifeprunox is protective against the
deleterious effects of D; receptor blockade in the striatum,
which is responsible for catalepsy. Interestingly, this 5HT;a
receptor influence only appeared at high doses of
bifeprunox (2 2.5 mg/kg ip) suggesting that the absence of
catalepsy observed at lower doses of bifeprunox may be due
to its partial agonist properties at Dz receptors. The BDsp
ratio for inhibition of conditioned avoidance response, a
model of entipsychotic-like activity (0.03 mg/kg ip) and
induction of catalepsy (> 40 mg/kg ip), yields a
favorable antipsychotic versus EPS therapeutic ratio
(> 1000). Similarly, high EDs; ratios were obtained
against d-amphetamine hyperlocomotion (> 100) or methyl-
phenidate-induced gnawing (500) [107¢].

In mice, bifeprunox induces catalepsy at doses widely
separated from those active in tests predictive of
antipsychotic activity; for example, the BDgp for induction of
catalepsy is 170-fold higher than that for inhibition of
apomorphine-induced climbing [108). Similarly to
observations in rats, the low cataleptogenic potential of
bifeprunox is influenced by its 5-HTiA agonism, as
co-treatment with WAY-100635 (2.5 mg/kg sc) produced a
> 10-fold shift to the left of the dose-response carve for
catalepsy.

Some bifeprunox-induced dystonia is observed in
neuroleptic-sensitized Cebus monkeys [122,123], but overall
preciinical data showing minimal catalepsy are consistent

with clinical observations that bifeprunox produces only a
very low incidence of EPS in patients with schizophrenia
{as discussed earlier).

In neuroendocrine measures in rats, bifeprunox enly
produces a minimal increase in plasma levels of prolactin,
even when administered intraperitoneally at a dose of
40 mg/kg {124]. As a result, hyperprolactinemia arising
from D; receptor antagonism is unlikely to develop and lead
to further adverse effects (see above). Thus, the limited
impact of bifeprunox on prolactinemia is another reflection
of its partial agonist activity at D; receptors and favorable
tolerance profile,

Bifeprunox produces an inverted U-shaped dose-response
curve in the test of apomorphine-induced disruption of PPI
of the startle reflex in rats [109), a response pattern that may

reflect its balance of Dylike and 5-HT, properties. The

partial agonism of bifeprunox at D; receptors may
predominate at low doses (e, 0.063 to 25 mg/kg ip), thus
reversing apomorphine-induced PPI deficits. However, at
higher doses (10 and 40 mg/kg), the 5-HT14 agonist activity
of bifeprunox occurs and exerts a deleterious effect on basal
PPl [125]. When tested alone, bifeprunox produced a
substantial deficit of basal PP1 {(MED = 10 mg/kg ip). All of
the other clinically utilized antipsychotics, including
aripiprazole, do not impair basal PPl in rats [126]. It is
noteworthy that patients with schizophrenia already display
an innate deficit of PPl that is associated with impaired
functional status [127], and further impairment of PPl may
constitute a disadvantage for bifeprunox if high doses are

Discussion and conclusions

Bifeprunox and other third-generation
antipsychotics: influence of D -like receptor partial
agonism

The development of novel third-generation antipsychotics
combining Drlike receptor antagonist/partial agonist
activity with 5-HT1a receptor partial agonism has generated
a series of innovative compounds, including bifeprunox,

SLV-313, S5R-181507, RGH-188 and F-15063, all of which.

display distinct balances of affinity and activity at Dy-like
and 5-HTws receptors. Preclinically, bifeprunox displays
activity in 2 broad range of models of antipsychotic-like
properties and, in phase TII clinical trials, was well tolerated
and free from the metabolic interference or cardiac
dysfunction that have plagued other antipsychotics
(eg, clozapine, olanzapine and ziprasidone). Bifeprunox
does not induce notable EPS or provoke hyperprolactinemia,
which is consistent with its partial agonism at Dr-like
receptors. However, the level of efficacy that is optimal for

therapeutic activity is unclear. The Dy-like receptor agonist

properties of bifeprunox are substantial, as observed in vitro
and in its neurochemical and electrophysiological effects on
dopaminergic newrotransmission (Table 4). In vivo, bifeprunox
reverses amphetamine-induced hyperlocomotion in rats and
apomorphine-induced stereotypy in mice, but fails to
completely block behaviors induced in ‘rats by
methylphenidate, It is probable that the D;like partial
agamist activity of bifeprunox causes its reduced activity in



Neuropharmacoiogical profila of bifeprunox Newman-Tancredi et &l 549

the latter model, compared with Dy-like antagonists such
as haloperidol, risperidone and the third-generation
compounds SLV-313 and F-15063. Too high a leve! of Dy-like
receptor agonist efficacy may impair control of florid
psychotic episodes arising from hyper-dopaminergic states.
Similar to much of the pharmacological date, results from
recent clinical studies [75¢,76-78] have only been reported as
poster presentations and full publication to enable a wider
critical analysis with other antipsychotics are anticipated.
Nevertheless, preliminary information from these posters
indicates that bifeprunox displayed reduced antipsychotic
activity compared with risperidone and olancapine, and
marked drop-out rates due to lack of efficacy suggest that its
D-like agonist properties may be tooc accentuated. The
D;-like receptor partial agonist properties of bifeprunox may
also underlie & higher clinical incidence of nausea and
vomiting, leading to the need for dose titration,

Bifeprunox and other third-generaticn
antipsychotics: Influence of 5-HY 4 partial agonism
The degree of 5-HT14 receptor agonism desirable for optimal
Dzlike/5-HT14 receptor balance remains under debate. The
5-HT;a receptor activity of bifeprunox in vitro is generally
mwdest and, in neurochemical tests in vivo, is expressed at
doses that are markedly higher than those at which Dy-like
receptor activity has been observed. However, the doses at
which bifeprunox inhibits VTA and DRN neuron firing are
not widely separated (Table 4), suggesting increased 5-HTia
receptor activation in electrophysiological measures. In
addition, the fear-induced USV test (Table 5) showed an
involvement of bifeprunox's 5-HT:a receptor agonism at
low deses and it would be interesting to determine if signs
of 5-HTia receptor activation are observed clinically at
antipsychotic doses. This issue is relevant because the
Dq-like/5-HTy4 receptor balance of bifeprunox differs from
that observed for other antipsychotics, including
aripiprazole, which exhibits multiple interactions with
diverse receptors [28] and low efficacy at 5-HTi4 receptors
[62]. Other potential third-generation antipsychotics also
show marked differences from bifeprunox. For example,
SLV-313 is a chemical analog of bifeprunox and exhibits
antagonist activity at D> receptors but potent 5-HT1a partial
agonism, while SSR-181507 combines potent 5-HTja
agonism with partial D, receptor agonism (Table 1). F-15063
is a potent D; antagonist and weak 5-HT1a agonist, as well
ag a Dy receptor partial agonist [71-73). Therefore, while
sharing the common feature of targeting both Dy-like and
5-HTia receptors, these putative third-generation
antipsychotics are clearly distinguishable in their receptor
activity, and are therefore likely to display differing
therapeutic profiles.

8ifeprunox and other third-generation
antipsychotics: Activity on cognitive deficits
Increased cortical dopaminergic neurotranswission is
considered to be important in controlling the negative
symptoms and cognitive deficits in schizophrenia patients.
However, while clozapine, olanzapine, risperidone, F-15063
and SLV-313 increased prefrontal cortex DA levels in
microdialysis experiments, bifeprunox did not (Table 6).

This observation suggests that bifeprunox may be less
effective than other antipsychotics in attenuating deficits
that arise from impaired cortical dopaminergic function.
When compared with other putative third-generation
antipsychotics (ie, SSR-181507, F-15063 and SLV-313),
bifeprunox was weakly active in a series of models of
cognitive function in rats based upon glutamatergic
(PCP-induced deficits) or cholinergic (scopolamine-
induced deficits) interference (Table 6). Therefore, the
therapeutic efficacy of bifeprunox on cognitive symptom
measures compared with that of existing and other novel
antipsychotic agents which display differing profiles of
D2/5-HT1a receptor interaction is still to be determined. In
addition, further investigation into the effects of
bifeprunox in preclinical studies would be desirable, as
would information concerning measures of cognitive
performance from clinical trials.

Bifeprunox and aripiprazole: Are these
compounds sufficiently different?

A key issue likely to influence market penetration of
bifeprunox is its degree of similarity with aripiprazole. At
the pharmacological level, the two compounds may be
digtinguished in models of D; receptor activation. For
example, the efficacy of bifeprunox for activation of ERK1/2
phosphorylation and of GIRK currents at Dy receptors is
higher than that of aripiprazole (Table 3) [19,88¢); however,
G-protein  activation experiments did not distinguish
between the two compounds [124]. Bifeprunox also exerts
greater inhibition on VTA neuron electrical activity than
aripiprazole [100e], reflecting higher efficacy at D;
autoreceptors. Furthermore, bifeprunox potently induced
contralateral rotations in rats with unilateral 6-hydroxy-
dopamine lesions (Table 5), whereas aripiprazole was not
active in this model [102¢]. These considerations suggest that
bifeprunox may display accentuated Dslike agonist
properties compared with aripiprazole. At the therapeutic
Jevel, both entipsychotics have favorable tolerance profiles,
as they are free from metabolic or cardiec interference, and
therefore their use may be preferred in similar patient
populations, for example, patients with stabilized psychotic
symptoms who experience pronourced side-effects due to
treatment with other antipsychotics. The observation that
bifeprunox, in comparison with aripiprazole, displayed
marked activity in rodent models of anxiety is intriguing
and although preliminary, may provide am effective method
of differentiating these antipsychotics. At the commercial
level, bifeprunox will be launched (pending agreement by
regulatory authorities) at a time when patent protection on
aripiprazole will have expired, underlining the further need
to adequately distinguish the two compounds. Finally, and
despite ity limitations, it is clear that bifeprunox would
benefit from a 'first in class' advantage as a selective Dy/
5-HTa partial agonist antipsychotic and, together with its
favorable tolerance profile, will generate interest from both a
clinical and a drug discovery perspective.
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Table 6. Comparative pharmacalogical activity of third-gensration antipsychotics.

Experimental model Bifeprunox | Aripiprazele | SLV-313 | SSR-18467 | F-16063 | Clozapine | Haloperidol | References

D binding affinity ++ + ++ + ++ +0 ++ 62,71}

D, efficacy (partial + + 0 + 0 0 0 [19,71,88s,

agonism) 124}

5-HT, binding affinity + + - + B + 0 (62,71}

§-HT, efficacy + + -+ ++ ++ + [’} {82,71)

(agonism)

Antagonism of ++ + ++ + ++ + ++ {72,107}

amphetamine, :

ketamine-induced

hyperactivity in rats

Antagonism of + + ++ + ++ IS ++ [72,1079)

methylphenidate-induced

behaviors

Antagonism of Al + - + =+ + ++ {1075,108]

apomorphine<nduced

stereotypy

Inhibition of conditioned Lo + ++ *+ ks + ++ {72,1074}

avoidance behavior

Reversal of apomorphine- + 0 0 1] + + ++ [72,108]

induced PP! deficit

Increasad medial prefrontal 1] 0 + + + ++ +0 [43¢,103)

cortex dopamine levels .

Reversal of 0 ] + 4] * + 0 {73,115}

scopolamine-induced

social recognition deficit

Reversal of PCP-induced + + + + + sedation + {115,116}

memaory deficits:

holeboard test

Reversal of PCP-induced 0 ++ 0 + + Q 4] (73,1140}

social interaction deficits

Induction of catalepsy 0 4] 0 0 4] 0 v+ (72,107,
108,121)

Increased plasma 0 +0 ++ +0 + + ++ {88s]

prolactin lavels :

induction of memory + + . (] 4] 0 sedation + [73,115)

deficits: holeboard test

Induction of PPI deficits + 0 +0 -+ 0 0 0 [128)

Decreasad hippocampal + 0 + + + ¢] 0 f430,103]

serotonin levels :

0 no influence, +/0 weak infiuence, + marked effects, +¢ very marked effects, PCP phencyclidine, PPl prepulse inhibition.
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