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El suscrito GERMAN A. CUBILLOS MENDOQZA, 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, por el presente, doy
respuesta a su Oficio N° 12498 del 12 de Agosto de 2011 en los siguientes términos.

1. Presento nuevo capitulo reivindicatorio, como sigue: (Ver anexo 4)

REIVINDICACIONES

1. Ura composicién farmacéutica para el tratamiento de trastornos
del estado de animo que comprende un compuesto seleccionado de
un grupo gue consiste en aripiprazol o deshidroaripiprazol,
combinado con un estabilizante del estado de animo seleccicnado
de un grupo que consiste en carbamazepina, lamotrigina,
topiramato, gabapentina o una sal de los mismos.

2. La composicidn de la reivindicacién 1 caracterizada porgue el
compuesto es aripiprazol.

3. La composicidn de la reivindicacién 1 caracterizada porque el
compuesto es deshidroaripiprazol.

4. La composicidn de la reivindicacidén 2 caracterizada porque el
aripiprazol es cristales B de aripiprazol anhidroso.

5. La composicidn de cualquiera de las reivindicaciones 1 a 4 que
ademas comprendan un portador farmacéuticamente aceptable.
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Aripiprazol como un antipsicético atipico

Como se explica mas detalladamente a continuacion, el aripiprazol pertenece a
una nueva generacidn de antipsicoticos atipicos y cuenta con un perfi
farmacologico totalmente distinto al de los antipsicoticos atipicos conocidos
anteriormente.

Por lo tanto, el experto en {a 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 reseria, ambos confirman las propiedades farmacoldgicas de los
antipsicoticos atipicos, y reffejan el conocimiento que sobre la materia tienen los
expertos.

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

La olanzapina, clozapina, risperidona, ziprasidona y quetiapina pertenecen a la
segunda generacién de antipsicéticos atipicos (ver capitulo 1), mientras que el
aripiprazol es el primero de la tercera generacion de antipsicéticos atipicos (ver
capitulo lIN.

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 (particularmente con
respecto al receptor 5-HT44).

En el Anexo 2 (Farah, A, "Primary Care Companion J Clin. Psychiatry 7" (8),
paginas 268-269 (2005)), fa 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 Ultimo parrafo
de la seccidn "Definition of Atypicality"): "A diferencia de medicamentos como los
antipsicoticos convencionales o inhibidores de recaptacion de serotonina, los
anlipsicoticos 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 antipsicoticos atipicos como olanzapina, clozapina, risperidona, ziprasidona
0 quetiapina en cuanto a su afinidad a varios receptores vy particularmente al
receptor 5-HT 4.

El Anexo 3 (A. Newman-Tancredi et al., Current Opinion in investigational Drugs,
Volimen 8, No. 7 péginas 539-554 (2007)) en la pagina 541, columna izquierda,
lineas 12-20, muestra que ia diferencia existente entre los antipsicéticos de tercera
y segunda generacion esta en que los antipsicéticos de tercera generacion tienen
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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 Gnico agente antipsicotico que tiene un agonismo
parcial con receptores tipo D,.

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

En resumen, los Anexos 1-3 brindan evidencia de que el aripiprazo! tiene un perfil
farmacolodgico y afinidades de unién al receptor diferentes al perfil farmacolégico y
a las afinidades de unidon 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 antipsicéticas atipicas.

La presente solicitud de patente posee Nivel Inventivo.

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 de! 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.

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 pefrfiles y propiedades
farmacoldgicas 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).

Ademas, los informes experimentales muestran que los sorprendentes avances
surgen de forma sinérgica a partir de la combinacion especifica de aripiprazo! con
el estabilizante del estado de animo y que no se esperaba dicho avance
considerando el efecto del aripiprazol tomado aisladamente. Tampoco se
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 combinacioén 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 segun el estado
de la técnica. En consecuencia, el tema en cuestidon de la presente solicitud
implica un nivel inventivo.

Conclusion

Conforme lo argumentado arriba, consideramos que debe otorgarse patente para la
presente invencidn descrita en las reivindicaciones propuestas, por lo que solicitamos
con el debido respeto, otorgar el privilegio de patente a la presente invencion.



_ ANEXOS

1. ANEXQO 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).

4. ANEXO 4 (Formuiaric Gnico de correcciones y modificaciones que incluye nuevo
capitulo reivindicatorio).

Sin otro particular me suscribo del Sefior Ministro.

Cordialmente,

GERMAN A. CUBILLOS MENDOZA
C.C. N°19°397.479 de Bogota
T.P.N°38.422 del C.S. de la J.
Cédigo 3667
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*  Quetapine  Clozapine®  Haloperidol

Receptors : G

{(AbDify) (Zyprea)  (Fsperdal)  (Geodon)  {Seroquel)  {Clozaril} (Haldol)
D 25 a 430 525 45 8 210
D: 0.45 n [ s T 128 0.7
Dy 0.8 4 0 7 340 a3 2
D “ 21 9 32 1.600 3 A
5-HT. w4 >10,000 20 3 2,80 a5 L100
5-HTu 14 ‘4 0.5 X 295 16 4
5 -HTx 15 2 % 1 1,500 16 >10.000
[ 57 13 0.7 10 7 7 []
Ho. [ 7 2 « 1 3 440
M, >10.000 1.9 >10,000 >1.000 120 .19 >1,500

“The higher qumber denotes | affinity ; Amt & Skarsfeld, 1998 | Bymaster etal, 199 ; Seegeretal, 1995 ~
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Mean Changs from Baseline

&3

PANSS RB&X37*

O~ Phacebo i)

Besatine R 2 3 .
woor

& NTSEBBR(T T uALDRM)
Trial was fora of and the active
tor, risperidone.
Data from & 4-week trial {n*404) in patients with acute achizophrenia or
schizoaffective disorder.
"Last cbservation carried forward. Mean baseline scores ranged from 91,6~
84.1.

P<0.0 | *P<0.001 vs placebo.
Potkin etal. : Arch. Gen. Psychiatry, 60 : 681, 2003

Ralapse Definod a8 Fellowing
N 10
D
TR
X Artplprazots 18 mp (w1as)

i . :
E; o4 Placebo (re4s)

02

00 + N v - M —

[ s 10 It »n Y %
Week

R4 Adpiprazole & 75 & X5 RMAMLBRNY : BRFBAN

Data from & 26-week, phacebo-controlled trial in patieats with schisophrenia
who were previously stabllized on other medications.

“Based on 1 or mare of the following : ¢ CGi-2 5 (minimally worse) ;a
PANSS score of 2 5 {moderately severe) on bostility or uncooperativencss
on 2 successive doys § or & > 20% increase in PANSS total acore.

*P<0.001 vs placebo by the log—rank test. The relative risk of relapse with
wripiprazole va placebo wes 0,50 (95%Cl. 0.35-0.71).

Pigottetal : J. Clin. Paychiatry, 64 © 1048, 2003.
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<From left column on page 2504, line 3 from the bottom to left

column on page 2506, line 9>
II. 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
vefficacy". 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
v"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
nurility".

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 B0 death cases so far have been reported for

diabetic ketoacidosis secondary to diabetes due to clozapine and

olanzapine. This is about 8 times more of the death cases from
. -1 -



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 ol adrenergic receptors, also orthostatic
hypotension is observed to some extent. On the other hand,
risperidone has low affinities to histamine receptors, thus it

ig 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 Generaticn 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 -



drug? Or, is aripiprazole same as fisperidone, a second E
generation drug? The answers are "no”.

Table 1 showé the affinity of each receptor. Among them,
two receptors, histamine (H;) receptor and muscarinic choline
(M;) receptor, are to be noted. Clozapine and clanzapine have )
very high affinities for both of H; receptor and M; receptor,
while cquetiapine has a very high affinity for H, receptor, and
also a moderately high atfinity for M1 receptor.

Thug, 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.



[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

e Serotonin 5-HT,, receptor partial agonist

l

Dopamine system stabilizer (DSS)

Figure 1 Pharmacological properties of Aripiprazole

(Figure 2]

Figure 2 Receptor binding properties of various atypical

agents
Adapted from : Schmidt B. et al. : Soc. Neurosci.
(2): 2177, 1988.

L

Yet to be approved in Japan
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[Table 1]

Table 1 Binding affinities of various atypical agents

Reoéptom Aripiprazole " QOlanzapine  Risperidone Ziprasidone®  Quetiapine Clozapine®  Haloperidol
(Abilify) (Zyprexa) (Risperdal) {Geodon) {Seroquel) (Clozaril) {Haldol)

D 265 | 430 525 455 . 85 210

D: 0.45 11 4 5 160 125 0.7

Dy 0.8 49 10 7 340 473 2

D m 21 9 3z 1,600 35 3

5-HTw 4.4 >10, 000 210 . 3 2,800 875 1,100

5 -HTu 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 a7 1 6 440

M, >10, 000 1.9 >10, 000 >1,000 120 19 >1,500

The higher pumbes denotes 1 affinity ; Arnt & Skarsfeld, 1998 ; Bymaster etal, 1996 ; Seegeretal, 1995
*: Yet to be approved in Japan
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Atypicality of Atypical Antipsychotics

Andrew Farah, M.D.

Objective: To seview the current definition of arypi-
cality, discuss the unique fealures of each atypical anati-
psychotic, and determine whether the available drugs
in this class really meet the classical definition of
atypicaliry.

Data Sources: A PubMed search was conducted
to identify lierature 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 mect the objective of the article,

Data Synthesis: Atypical antipsychotics are consid-
ered a major advance over conventicnal antipsychotics,
primarily because they offer effective treatment alier-
natives that are relatively free of extrapyramidal symp-
toms. In fact, the 1erm 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 na consensus on a true definition of atypi-
caliry for these ngents. Each of the atypical antipsy-
chotics {clozapine, risperidone, olanzapine, quetiapine,
ziprasidone, and aripiprazole} commerciaily available
in the United States is unique in terms of its pharmaco-
logic profile, differing with respect to receplor-binding
affinity, mechanism of action, and adverse events, Of
the available atypical antipsychotics, clozapine and
quetiapinc have shown the lowest propensity to cause
extrapyramidal symptoms. Although the risk of exira-
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-
choetic is considered to be freedom from exirapyramidal
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 effeclive 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. Furthermote, 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 atypicality, discuss the unique features of each
atypical antipsychotic, and delesmine whether the avail-
able drugs in this class really meet the classical definition
of atypicality. A PubMed search was conducled 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 meel the objective of the article.

DEFINITION OF ATYPICALITY

There is currently no consensus on a true definition of
arypicality 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 Markowilz 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 foliowing:
transient elevation in prolactin levels, efficacy in treating
both positive and negative symptoms of schizophrenia, a
mechanism of action that involves serotonin (3-HT)-2A
and —2C antagonism andfor 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 exisl in various
regions of the human brain (Table 1).* Psychosis is be-
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Table 1. Dopamine Receptors®

Receptor Type Lacation

D, Cortex and basal ganglia
D, Strigiem

o, Limbic region

By Limbic region

*Based op Beng-Choon el al.”

lieved to result from excess dopamine in the mesolimbic
andfor 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 thoughl 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

tegorized 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 1n a broad sense, the

same general pharmacologic profile as other members of

their class. For example, the atypical antipsychotics differ
with respect 1o 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 1ardive dyskinesia among individual atypical antipsy-
chotics varied, with reporied rates of 0% to 0.3% for olan-
zapine (2 studies, mean dose = 13.6 megfday), 0.6% to
0.7% for risperidone (5 studies, mean dose = 2.7 mg/day

269 © COPYRIGHT 2005 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2885 RuvespihnmidogmimesycrmaRroms; et

orally or 55.2 mg/14 days intravenous) and queliapine (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
1o weight gain, hyperprolactinemia, sedation, sexual
dysfunction, and anticholinergic and metabolic adverse
events. The elfects of antipsychotic reatment on the de-
velopment of metabotic 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 diserder 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."*' The effective dosage range is 300
lo 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-
icaliry. 1t has a low propensity for causing EPS after acute
administration, does not produce tardive dyskinesia with
long-term adminisiration, 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.**



Atypicality of Atypical Antipsychotics

Table 2. In Vitro Receptor-Binding Profiles of the Atypical Antipsychotics*®

Clozapine  Risperidone  Olanzapine  Quetispine  Ziprosidone  Aripiprazole
Receptor {K;. nM) (K,. nM) (KpaM)  (Cy.nM)  (Ky oM} (K;, nM)
D, BS 15 31 1268 - -
D, 125 3 11 329 4.8 0.34
5-HT 4 710 490 > 1000 7117 34 1.7
5-HTp 980 100 800 - 2 -
5-HT,, 12 0.6 4 148 04 14
5-HTy¢ 8 26 n - 1.3 15
ay 7 2 19 94 10 57
H; 6 155 7 kL 47 61
M, 1.9 > 10,000 1.9 > 10,000 > 10,000° > 1000°

*Data from Bristol-Myers Squibb Company,™ Phizer Inc.. | Bymaster e1 al.."? and Goldstein.”

ashes indicate data nol presented.
1Csp.

Abbreviations: 5-HT = serotonin, o, = a,-adrenocepior, D, = dopamine-1, D; = dopaming-2,
H, = histamine-1, 1Cs, = concentration that inhibils 50%, K; = inhibition constant, M, = muscarnnic-1,

nM = nanomofar.

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 Systemn
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
1o be a rare but serious adverse event.” Postmarketing data
for clozapine indicate that the risk of myocarditis appears
10 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
aresult, it is recommended thai 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.' Tt is widely used and is effective, along with its pri-

mary metabolite 9-hydroxyrisperidone. The dosage range
for risperidone is 2 1o 16 mg/day. Based on clinical expe-
rience, Lhe 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 prospeclive 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 Hit-
erature.”*? In addition, risperidone is more likely than
other atypicals lo cause persisiently elevated prolactin
levels.**'*? Risperidone also is associated with a moderate
risk of weight gain (1.69-2.51 kg) following 10 weeks of
treaiment®” and orthostatic hypotension and a mild risk of
somnolence."

In a study of Dy 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 shown to
be > 95% with risperidone at dosages of 2 to 4 mp/day.”

Olanzapine

Olanzapine belongs to the thienobenzodiazepine class
of psychotropic agents. It is indicated for the treatment of
schizophrenia and is currently the only alypical antipsy-
chotic approved for use in both acute and maintenance
therapy of mixed or manic episodes associated with bi-
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polar ! disorder.” The approved dosage range of olan-
zapine is 10 10 15 mg/day for schizophrenia and 5 10 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 hyperprolacilinemia'*; however, the risk is
dose-dependent. In a study evaluating 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% a1 5 mg/day, 73% a1 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, recepior 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 pain with olanzapine does not
appear to be dose related within the therapeutic dosage
range of 5 to 20 mg/day, and weight changes lend to pla-
teau at 7 to § kg after about 40 weeks of treatment.*’ Olan-
zapine is also associated with a moderate risk of transient
somnolence." Unlike the other atypical antipsychotics,
the oral clearance of clanzapine is increased by smoking
{(cytochrome P450 1A2 [CYP1A2] inducers) and may re-
quire dosage adjusiments 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. IL is indicated for the treatmeni of
schizophrenia and acute manic episodes associated with
bipolar 1 disorder." The clinically effective dosage range
for both bipolar | 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-
1in levels.**? It has been suggested that the atypicality of
quetiapine may be explained by its ability lo transiently
occupy D, receptors.* This characteristic, unigue only to
guetiapine and clozapine, permits modest occupancy at
the D, recepiors 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-
ma) D, accupancy (09%—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 o,-adrenergic and
histamine-1 receptors than for D, receptors. As a resull,
patients taking quetiapine may be at risk for arthostatic
hypotension and transient 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 wilh bipolar disorder
with or without psychotic features.” The effective dosage
range for ziprasidone is 8G to 160 mg/day. In our clinical
experience with this medication, only about one quarter
of patients are responsive; however, because of ils ability
1o antagonize 5-HT,, and its high affinity for other
5-HT receptors, it has the potential lo reduce depressive
symptoms.*

Controlled clinical trials supggest that ziprasidone is
associated with a low risk of EPS and transient but non—
dose-related elevalions 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 5-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



and plasma ziprasidone levels was significantly posi-
tively correlated, the authors were able 1o 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 to that of risperidone and olanzapine than that of
clozapine and quetiapine.
Ziprasidone has been reported to be associated with
a mild risk of orthosiatic hypotension, sedation, and QT
prolongation.' Concem 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 anlipsy-
chotics in that it i1s a partial agonist at D, and 5-HT,,

receplors and has antagomistic actvity at 5-HT,, and
“S-HTyc receptors.®® 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. !5
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.'®*%
In a PET study e¢valuating aripiprazole 0.5 1o 30
mg/day in 15 healthy subjects, a dose response in D;- and
D;-receplor occupancy was found. Receptor occupancy

increased from below 40% a1 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.®
However, in clinical trials evaluating aripiprazote for the
treatment of schizophrenia and bipolar mania, akathisia
has been reporied.'™? Al this time, the data are too lim-
ited to draw definitive conclusions regarding the EPS
profile of aripiprazole.

Alypicality of Atypical Antipsychotics

Meta-analyses suggest that the most common adverse
events (prevalence = 10% and = 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. 1n addition to being the standard of care for psy-
chosis, atypical antipsychotics are prescribed more than
70% of the lime 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 palients receiving these medications, it is
importani that they are aware of the differences that exist
among the various alypical antipsychotics.

The main reason for the development of atypical anti-
psycholics was to provide an antipsychotic treatment op-
tion that was free of EPS and, further, 10 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 loweslt
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 antipsycholics would indicate
that quetiapine and clozapine are the only “true” atypicals
when one considers Dj-receptor 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 uliimately be satisfied
with the short-terrn and long-term safely of that agent.

Drug names: eripiprazale (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

symptoms, 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 antipsycholics that
combine antegonism or partial agonism at dopamine Dylike
Teceptors with agonism wt serotonin 5-HTia recepiors, Such o

—ssociation is anticipated to provide therapeutic bensfits against a
troader range of schizoplrenia symptoms. Bifeprunox is one such
third-generation entipsycholic agent which acts as a partial
agonist ot Dylike receptors and is an efficacious agonist at 5-HT1a
receptors, with little interaction at 5-HTianc, muscarinic or
histaminergic H; receptors. This review summarizes the
pharmacological profiles of the current antipsychotic agents and
describes the rationale behind the developnient of third-generation
antipsychotics. It also evaluates current data concerning
bifeprunox in comparison with currently auailable antipsychotics,
as well as those that are still under dinicol development.

Keywords 5-BTis receptor, antipsychotir, bifeprunox, Dr-like
receptor, schizophrenia . )

Introduction

Overview of schizophrenia .
Schizophrenia, characterized by late adolescent or -easly
adult onset and, in the majority of cases, a chronic course, is
a devastating peychiatric disease with a lifetime prevalence
of 1 o 5% [1]. This pathology presents multiple fecets
‘to overcome, including the overt positive 'eymptoms
(eg hallucinations and delusjons), 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 efficecy of antipsychotics to control 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
efficacions antipsychotic agents.

In vitro profile of current antipsychotic agents

All carrent antpsychotic agents interact, with varying
potencies and selectivities, ‘at dopamine (DA} Dyo-like
receptors, a property considered fundamental in the
therapeutic mechanism of this class of agents. The presence

of dyafunctional’ dopaminergic neurotransmission in
schizophrenia is supported by multiple obsesvations,
including PET studies showing that patients have an
increased sensitivity to acute challenge with the DA
releaser d-amphetamine [4], the abuse of DA-releasing
amphetamine-fike drugs producing psychotic episodes [5],
antpsychotic compounds increasing the turnover of DA in
the brain as a consequence of a blockade of DA receptors [6],
and the correlation between the potency of antipsychotics
used in the clinic for the contro]l of pwychosis and their
in vitro affinity fof the D; receptor subtype {7].

The first-generation antipsychotics (eg, chlorpromazine
[Largactil] and haloperidot [Haldol]) potently antagonize
Drlike receptors and are thought to mediate their activity
aguainst the positive symptoms of schizophrenia by opposing
the excessive stimulation of Drlike 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 De-like receptor antagonists

. also block nigrostriatal dopaminergic activity leading to

extrapyramidal symptoms (EPS), including dystonia and
dyskinesia. Furthermore, the blockade of pituitary-located
D: 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 schizophrenda 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
zipragidone {Geodon; all Table 1). Clozapine i
fulfilled the improved therapeutic profile required through
its actions at a variety of receptors other than Dz It also acts
as an antagonist at the Dy, Dy-like, 5-¥TTaa/m/3c S5-HTe7, Q12
adrenergic receptors, a muscarinic receptor antagonist (M1,
M2, M3 and M5} or partial agonist (M4), and as a 5-HT1a
receptor partial agonist [10]. Furthermore, its principal
metabolite, N-desmethylclozapine, is a partial agonist at Dy
receptors and the M1 to M5 receptors [11,12]. However,
clozapine also potenty antagonizes Hy receptors, a property
that likely underlies the sedation and metabolic disturbances
observed with this antipsychotic agent. In addition,
clozapine provokes potentially ‘fatal agranulocytosis that
its use as a first-line treatment. The 'rich’ {or 'dirty’)
pharmacological profile of clozapine has raised the {ssue of
identifying compounds that exhibit combinations of receptor
activities or "pharmacologicat cockinils' that would yield an
atypical profile without the metabolic/sedative-side-effects.
Risperidone 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 pouaesslng combined 5-HTa receptor agonism and Drllke

antagonism/partial agoenlsm (continuad).

Compound

Structure

Davelopment statua

F-15083 (Cenlre de Recherche Plere Fabre)

&h
o/\/

Discovery

o

SSR-181507 (sanofi-avents)

 Ho.
oo

No development raporied

properties at serotonin 5-HTza than De-like receptors [13).
Antagonism at 5-HT;, receploms is also a key element of
several other second-generation antipsychotics, including
olanzapine and ziprasidone and is thought to contribute to
their atypical profile by favoring . dopaminergic
neurctransmiseion in the frontal cortex, thus alleviating
hypofrontality in schizophrenic patients [14,15). However,
these antipsychotics also exhibit shortcomings, including
dose-dependent BPS (risperidone), metabolic disturkances
(clozapine and olarzapine) and potential cardiac arrhythmia
(ziprasidone) underlining the need for novel therapeutic
approaches to the treatment of schizophrenia. 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 Drlike
receptors and agonist activity at S-HTa receptors.

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

Several considerations, which are linked to improved
tolerance and a potential efficacy for the treatment of
poychosis, suggest that Dr-lke receptor partial agonists (the
DA etabilizers’) could constitnte successful therapies for
schizophrenia; the premise being that partlal agonists
should be capable of opposing the excessive activation of
receptors while mnintaining a modest stimulation of the
target sites. Thus, the benefits of conventlonal Drlike
receptor antagosdsm may be echieved (ie, their potential to
reduce positive symptorns) without the gide-effects induced
by total blockade of these receptors. BPS are agsociated 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 aignaling

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

agonists are an attractive option because they do not
completely block D receptor gignaling, but rather stimnlate
a modest level of receptor activation even when high levels
of receptor occupation are achieved, therefore reducing the
likelihood of EPS. A further beneficial effect that could be
achieved with the use of DA stabilizers relates to the
antagonism of I receptors expressed on pituitary-located
lactotrophs, which prevents feedback inhibition of prolactin
release by endogenous DA. As a result, Dp receptor
antagonists increase plasta 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]. Thevefore, a partial agondst at D; receptors
would avoid the complete blockade of pitnitary D2 receptors
and thus permit continued suppression of prolactin release,
thereby reducing neuroendocrine disturbance, A further
benefit could result from the fact that low doses of Dy-like
receptor partal agonists preferentally activate presynaptic
receptors, which control the synthesis and release of DA, as
well as the firing rate of dopaminergic neurons [214]. Thus,
by activating presynaptic Dx-like receptors, partial agonists
are predicted to attenuate over active mesolimbic DA
neurotransmission, thos contributing to an antipsychotic
action. As a complementary mechanism, partial agonism at
overactive postsynaptic Dzllke receptors attenuates the
activation induced by the endogenous full agonist (i, DA),
thus reinforcing the antipsychotic influence of the
compound. -

While the rationale for the use of partial agonists is
athractive, the degree of Drlike receptor partial aganism
required to produce the proposed benefits is unclear. Several
clinical studies with selective Dolike receptor partial
agonists, including talipexcle, ‘preclamol (University of
Maryland; Figure 1), roxindole and pramipexole, failed to
show @ 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
worsening of positive symptoms, possibly related to the
ectivation of postsynaptic Dy-like zeceptns [22+). In one
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Figure 1. Tho structure of preclamol.
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eerly clinical study using preclamol there was a lack of a
robust antipsychotic action and although significant
antipsychotic effects were observed fo! one week of
treatment, no effect was observed at the end of the second or
third weeks, suggesting some adapiation or tolerance to the
treatment [23s]. As a result, a lower level of efficacy at
Dz-like receptors was suggested to be necessary to maintain
antipsychotic response.

Aripiprazole (Agz‘ ; Table 1) is the only antipsychotic
agent with pai agonism at Drlike 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 dyskinesin [26]
and exacerbation of Parkinson's disease-related akinesia
127]. 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 pharmacologiral relevance of
aripipruzole'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 usé of Dylike
receptor partial agonists warrants further experimental and
clinical validation with other Dy-like partial agonists.

Rationale for assoclating 5-H7s raceptor

activation with Drlike receptor Interaction

Compelling reasons exist to combine 5-HT1a agonism with
Drlike teceptor interaction to form third-generation
antipsychotic agents [31s, 32¢33,34].. Agonist activity at
5-HT1a receptors may improve cognitive performance in
patients with schizophrenia, including WM and reference
memory (RM), and cognitive flexibility. 5-HT1a receptors are
vpregulated in the frontal cortex of patents with
schizophrenia, possibly as a compensation to insufficient
activation of this site [35,36], and exploratory clinical trials
have shown that 5-HT:x receptor partial agonists do not
impair [37] but mather ameliorate cognition in neuroleptic-
treated patients with schizophrenia [38+39]. Furthermore,
5-HTia recepiors are expressed on glutamatergic neurons in
the frontal cortex where they decrease glutamate release in
responsz to 5-HTix agonists [40]. This decrease influences
signaling at glutematergic receptors, including both NMDA
and non-NMDA (ie, AMPA, kaimate and metabotropic)
receptors and might thus be involved in attenuating the
cognitive and behavioral deficis 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-HTia receptors on cognitive function is complex, and the
localization of this receptor has been demanstrated in
several aress 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-Hke 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;s receptors are expressed in
brain regions controlling frontal cortex dopaminergic
neurotransmission, which is thought to influence negative
symptomatology [33,43+,44]. In microdialysis experiments,
5-HT 14 receptor agonists increased extracellular levels of DA
in the frontal cortex [45-48], suggesting that they may
alleviate hypofrontality in patients with schizophrenia,
Furthermore, 5-HT1a 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 om co-morbid mood disorders [34,49-51]. Rurther
compelling reasors for developing a compound with
combined 5-HTy4 agonism and Dr-like receptor Interaction
include the cbservations that activation of 5-HT) receptors
reduces HPS liability, and 5-HT1a receptor agonists attenuate
catalepsy induced by typical antipsychotics in rats [52-54}
and EPS-related signs in non-human primates [55,56). These
findings indicate that 5-HT:a activation should reduce EPS

induced by D» receptor blockade. Clinical data to' support

this observation have been shown in add-on studies using

buspiréne or tandospirone, whereby EPS were attenuated in
neuroleptic-treated patients with schizophrenia [57-60].

Pinally, clorapine, ziprasidone and aripiprazole behave as

partial agonists at 5-HTiw. receptors in various in witro

functional models [61-63]. 5-HT;s receptor partial agonism

underlies the anxiolytic and anticamleptic influence of

clozapine in rats [64,65], suggesting that it may therefore

contribute to clozapine's superfor therapeatic 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-12709%0;  Sobvay SA/H  Lunbeck  AS/Wyeth

Pharmaceticals), SLV-313 (Solvay SA/ Wyeth Pharmaceuticals)

[66,67], RGH-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 (Ds, Dy and
Dy receptors) and 5-HTia receptors, acting as a partial
agonist at both targeta (Table 2; [66,74]).

“In two phase II clinical trials, bifeprunox (20 and 30 mg)

displayed modest antipsychotic activity in patients with acute -
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psychosis, but the improvement was less marked than that
observed with risperidone (6 mg), and an 8-day dose titration
pericd was necessary in bifeprunox-treated patients to
mh\htizendwmeeﬁﬁectssuchasmmandvouﬁﬁng [759,76}.
A third clinical study of acutely psychotic patients did not
yield any significant effects foliowing the admindstration of
bifeprunox (20 and 30 mg), wheress olanzapine (15 mg)
produced effects [77]. However, in all of these
studies bifeprunox exhibited a favorable tolerance profile with

minimal EP'S and none of the metabolic interference associated
with other aritipsychotics, such as olanzapine. Bifeprunox
reduced non-fasting cholesterol, ghucose end  triglyceride
levels, and caused a slight decrease in body weight [75¢,76,77).
A long-term efficacy and safety study showed that bifepranox
(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]. Smdies
examining the use of bifeprunox in patients with
schizophrenia who have experienced side effects with current
entipsychotics have not yet been reported but would be of
considerable interest.

in vitro receptor profile of bifeprunox: Binding
affinity

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

colieagues [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 bifeprunox displays a weak
interection at 5-HTzs and 5-HTy receptors, a5 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-HTz4 receptors and more
modest antagonism of Dy-like receptors [33), Antipsychotics
with this profile include clozapine, risperidone, olanzapine
and ziprasidone, and while acting as a Dy receptor partial
agonist aripiprazole alse exhibits antagonism of 5-HTaa
receptors (Table 2) [28]. Therefore, bifeprunox is the
first antipsychotic to specifically target Dylike and
5-HT:a veceptor activity, a fundamental property in the
development of new third-generation antipsychotics.
However, defining a generation of antipsychotics purely
on in viro binding data risks overlooking important
information derived from fonctional studies. Bven a
relatively modest affinity at certain receptors could translate
to marked physiclogical effects in viw, depending on the
level of agonist efficacy. In this context, it is interesting to
note that althongh bifeprunox has a pK; value at 5HTy
receptors of only 6.6 (Table 2) [81], it is the only
antipsychotic to act as a partial agonist at this target (see
below). Purthermore, the affinity of bifeprunox at 5-HIy
receptors is similar to that of 8-OH-DPAT, a compound that
has demonstrated influence at this receptor in vivo [82.83].

In addition, bifepruncx has a low affinity at a mnltitnde of
other receptors, including ¢ and o3 adrenoceptors, and M1
and Hy receptors, all of which are associated with various
adverse effects. For example, potent ¢ antagonism is
associated with orthostatic hypotension, and muscarinic

Tabte 2. in vitro bindinp profile of bifeprunox In comparlson with arlpiprazole,

Recaptor Radloligand Tissua pK, values Reference
Bifoprunox Ariplprazole
hD, 'NR NR 8.5 8.3 73]
t Dy {Hiremanapride Striatal mambrans (r) 8.8 8.8 (621
hD, ‘NR NR 9.1 8.4 {78+)
hD, NR NR 8.0 7.0 {784]
hDys {"Hlspiperone CHO ¢ell membrane 0.5 7.3 [60}
h 5-HT1a NR NR 8.2 8.1 {78
r5-HT., [H]E-OH-DPAT Cortex membrane (1) 7.2 74 162)
h6-HT,a [PH|8-OH-DPAT HeLa cell membrane 7.7 7.3 {62]
h5-HTa NR NR 8.1 7.8 [79s)
h 5-HTx NR NR <8.0 7.3 78]
h §-HTr FH]s-CT HEK283 cell membrane 6.6 8.7 181)
fa, NR NR 8.9 7.0 78]
f oz NR NR <8.0 <6.0 [79+}
h M1 NR NR .<6.0 <B.0 794]
rHy NR, NR < 6.0 T.0 [79+]

h human, NR not reported, r rat
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veceptor antagonism leads to antonomic side-effects such as
dry mouth, constipation, and also possibly memory and
cognitive disturbances [84]. Furthermore, blockade of Hy
and 5-HTx: receptors may be responsible for problems of
sedation and weight gain/metabolic distarbance observed
with clozapine and olanzapine (84]. These in uitro data are
consistent with the favorable tolerance profile of bifeprunox
observed in clinical trials. '

in vitro receptor profile of bifeprunox: Activation
of signal transduction

Multiple in vitro models have characterized the partial
agonist properties of bifeprunox at Drlike veceptors,
including G-protein  activation (PS]GTFYS  binding),
adexylyl cyclase inhibition (cAMP accumulation measures),
ERK1/2 phosphorylation and G-protein-regunlated 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 Boux values differed
between 26 and 76% depending on the experimental
conditons and -the reference ligand chosen as the full
agonist camparator {Table 3). This raises en 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 regiona in vivo,
tncluding receptor expression levels, different G-protein
subtypes 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
agondsts may be highly efficacious or potent for some signal
transduction pathways, but weak at othem, 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 (Bow values = 31 to
74%) at 5-HTia receptors but with substantially lower
potency than at Dy receptors (pBCe ~ 6.5 versus ~ 8,
res,

Thus, bifepranox exhibited substantial efficacy but only
modest poterwy in tests of G-protein activation at mat
hippocampal 5-HTia receptors as well as cloned human
5-}Tya receptors in recombinant cell lines. Modest potency
was also cbserved in models of human 5-HTia receptor-
mediated adenylyl cyclase inhibition [62] as well as ERK1/2
phosphorylation [88+]. Interestingly, other third-generation
antipsychotics exhibit more balanced activities at 5-HTy
and D; receptors, for example, SLV-313, S5SR-181507 and
aripiprazole show reinforced 5-HT.4 receptor activation

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

strongly suggest that in comparison with other novel
entipaychotics, the activation of 5-HTia receptors by
bifeprunox is expected to be less prominent than its
activation of Iz receptors.

Bifeprunox behaves as a partial agonist at D, receptors and
at 5-HT 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 snggested to
be beneficial in rodent [90-92] and monkey [93] models of
cognition and exploratory behavior. With regards to 5-HI7
receptors, antagonist properties at this receptor may be
involved in the comtrol of the positive symptoms of

Table 3. in vitro functional Influence of bifeprunox ini mode!s of dopaminerglc and serctonorglc receptor activation.

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

Receptor | Tissus Efflcacy moasure *Efficacy (%} Potsncy (pECw) | Reference

hDys -1 S8 ¢ell membrana G-protein activation 28 8.56 [124]

h Dy CHO call Adenytyl cyciase inhibitlon 28 nd - [799]
(va quinpirole}

hDn CHO cel ERK1/2 phosphorylation 76 7.40 [88+]

hOn Xenopus oocyta GIRK channel currents 35 nd [ 12]]
(vs quinpirole) .

r0, Ral striatal siice Adanyiyt cyclase inhibition 68 nd [78s]

) (va quinpirole)

b Das CHO el G-protein activation 13 8.12 1801

hDws Xenopus oocyte GIRK channel currenis 27 ng {80]

§5-HTa Rat hippocampal membrane | G-proteln activation 36 8.37 [62]

h §5-HTw Hela cell membrane G-protein activation 61 .49 (62}

h5-HTw Hela cell Adenylyl cyctase Inhibition 31 nd (82

h 5-HTyw CHO cell Adenylyt cyclasa inhibltion 3 nd 1784]

(vs B-OH-OPAT)
h 5-HTyw CHO cal ERK1/2 phosphorylation 74 6.46 {88}
h 5-HTy HEK293 cell Adenylyl cycdase activation 20 5.32 811

CHO Chinese hamster ovary, GIRK G-proteinrequiated inwardly rectifying K', h human, nd not determined, r ral, “Enm values am
expressed as a percantage of the effact of dopamine (for the D; and D, receptors) or of serotonin (for the 5-HT.a and 5-HT; receptors) unlesa

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, 5-HT;
gene knockout mice showed impairments in contextual
learming [99], suggesting that the 5-HT5 receptor agonism
exhibited by bifepranox may be relevant to its activity in
models of cognitive deficits of schizophrenia.

Neurochemlcal measures and electrophysiology
Dahan and colleagues investigated the electrophysiological
measures of bifeprunox and reported that the compound
partialty inhibits tonic ventral tegmental area {(VTA) firing
activity while completely suppressing burst firing of VTA
dopaminergic neurons (BDiyw = 200 ug/kg tv; Table 4)
[100s]. 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 rates, consistent with partial agonism at presynaptic
Drlike receptom. In comparison, aripiprazole also
suppresses VTA burst firing, which is in agreement with iis
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) [1004], suggesting that bifeprunox has
a greater agondst activity at VTA-localized Dy-like receptors.
Bifeprunox also inhibits the firing of dorsal Raphe nuclens
{DRN) serotorergic newrons (EDm = 482 pg/kg iv),
consistent with agonist properties at somatodendritic 5-HT
receptors and confirmed by the fact that its influence is
blocked by the selective 5-HTya 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 neurons [100s]. This demonstrates that in
electrophysiological measures a balanced influence is
observed between the Dy-like and 5-HTy, 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 nuclens accumbens
serotonin levels (~ 25% below control), although the
statistical si of this effect was not reported
{Table 4) [102¢]. In conirast, bifeprunox clearly decreased
serotonin levels (50% below basal) in the ventral
hippocampus [43«]. This decrease, congistent with agonist
propertics at inhibitory presynaptic 5-HT1a receptors, was
blocked by pre-administration of WAY-100635, but was only
observed at doses that are markedly higher than those
whirh inflzenced DA levels and that were active in various
behavioral tests of antipsychotic-like activity (2.5 mg/kg ip
compared with 003 mg/kg respectively). Similarly,
decreases in gerotonin synthesié rate (as determined by
measuring 5-hydroxybyptophan [S-HTF] levels in the
striatum) were only observed at oral doses of 10 and
30 mg/kg [102+], whereas the eelective 5-HTya meceptor
agonist, 8-OH-DPAT reduced S-HIP levels at
intraperitoneal doses from 0.3 mg/kg. These nearochemical

data indicate that bifeprunox only has a modest potency at
5-HTj antoreceptore contrelling 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 Dr-like receptor aganist activity [102+].
In the frontal cortex bifeprunox fails to increase DA levels,
end actually tends to decrease them in this region [43+]. This
profile is similar to that reported for aripiprazole under the
same conditions [43«], and is a characteristic neurochemical
response to partial agonists at Dyr-like receptors. While a -

_decrease in DA in the nucleus accumbens may contribute to

the control of the positive symptoms of schizophrenia,
established atypicel antipsychotics (eg  clozapine,
risperidone and olanzapine) substantally 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, P-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
newotransmission are necessary to atteruate 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 third-generation
antipsychotics. It appears that the 5-HTa agonist properties
of bifeprunox are insufficient to over-ride the predominant
inhibitory influence of its agonist properties at Do-like
receptoss on cortical DA releage. An interesting comparison
cun be made with SSR-181507; this compound also exhibits
Da2-like receptor partial agonism, but has a more pronounced
5HTis agonist activity. Correspondingly, SSR-181507
significantly increases DA relense in the rat frontal cortex
[43+,69].

Activity of bifeprunox in behavioral models of
positive symptoms of schizophrenia

Consistent with its partial agonist properties at Drlike
receptors, bifeprunox opposes behaviors induced in rodents
through the activation: of dopaminergic neurotransmission.
Thus, bifeprunocx is active in conventional rodent models
predictive of antipsychotic-like activity, including methy}
phenidate-induced stereotyped behaviors, d-amphetamine-
or ketamine-induced hyperlocomotion and conditioned
avoidance responding (BDso = 0.03 to 1.9 mg/kg ip) [102s,
104,105#,106,107¢]. Bifeprunox also blocks apomorphine-
induced climbing behavior or phencyclidine (PCF)-induced
hyperactivity in mice [105¢108]. In a rat model of
epomorphine-induced deficit of prepulse inhibition (PPT) of
the startle reflex, bifeprunox is active at low doses (minimal
effective dose [MED] = 0.04 mg/ kg ip). although the dose-
regpanse curve shows an inverted U-shape (see below) [109],
Whﬂeanesednmnrecmmtmtmmac&vuyagam
psychotic symptoms in schizophrenia, some additional
comments must be made. First, the test of methylphenidate-
induced behaviors & a rigorous evaluaton of DA



.
€

1

* 546 Current Oplnion In investigational Drugs 2007 Vol 8 No 7

Model Response

Table 4. Pharmacological activity of bifeprunox In rat elnmmlnlgk:al and neurochemical mtn.

Routy *Dose (ma/ky) Reference

VTA dopamina neuron firing inhibits VTA nauron burst fring v 200 ug/kg (EDse0) 160
DRN sarotonin neuron firing inhibits DRN neuron firing v 482 pg/kg (EDso) [100+]
Striatal levodopa accumulation Minor Increasa In DA synthesis po 10 to 30 {1024]
Striatal 5-HTP accumutation Decreased §-HT synthesls po 101030 {102¢]
Medial pre-frontal cortex dopamine release | Does not Increase dopamine levels ip 0E3to 16 {43s}
Nucleus accumbens dopamine release Decreases dopamine ip 0.2t 0.3 [102)
Ventral hippocampus 5-HT releass Decraases 8- HT ip 2.510 40 [43s}
Nucleus accumbsns 5-HT releass Modesily decreases 5-HT levels ip 0to3 (1024

DA doparrine, DRN dorsal Raphe nidsus, 5-HYP S-hydraxytryptophan, VTA veniraf tegmental area, “Uniass otherwise stated, data Indicate

EDss values or active renge.

receptor antagenism [110] and only incisive Da-like receptor
antagonists, such as  haloperidol,  risperidone,
SLV-313 and F-15063, are able to completely reverse (or
notmalize) all of the observed stereotypic behaviors [72,107].
In contrast, bifeprinox potently blocks methylphenidate-
induced gnawing (EDm = 0.08 mg/kg ip) but requires
60-fold higher doses tn reverse the other behaviors
(e, rearing and sniffing). This geparation of doses is likely a
consequence of its partial agonism at Dx-like receptors and
suggests that bifeprunox may not be as effective as
antipsychotics that possess pure Dy-like receptor antagonism
in controlling psychosis in patients with substantial
dopaminergic ivity (see above for comments
regarding clinical efficacy). Thus, the use of bifeprunox may
be of greater interest in stabilized patients, particularly in
view of its favorable tolerance profile. In addition, there 15
some discrepancy between the doses reported in
preliminary reports by Hertel and colleagues [1050,106] in
tests of amphetamine-induced hyperactivity and
corditioned avoidance responding, and those reported by
Bardin and colleagues [107¢]. The remsons 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 diseussed earlier, controlling positive symptomatology is
not sufficient t enable patients with schizophrenia to return
to normal social activity; therefore there remaing an unmet
need for ralieving 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
glummatergic (NMIDA receptor) interference is involved in
schizophrenia {111,312], bifeprunox was compared with
several other anti ics in three models of negative
symptoms and deficits of cognition/memory produced by
the nom-competitive antagonist of NMDA-glutanatergic
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 unfariliar adult rats are placed in an open
field, they will interact socially {eg, sniffing, following and
climbing over one another), and PCP (2.5 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 soclal interaction compared with other third-
generation antipsychotics (SSR-181507, F-15063 and
aripiprazole), all of which significantly opposed the
deleterious effects of PCP, suggesting that their balance
of dopaminergic and serottmergic properties are
more favorable [73,113,114¢]. The activity of aripiprazole,
SR-181507 and F-15063 for reversing of PCP-induced social
interaction deficits is blocked by WAY-100635 (a 5-HT)a
receptor antagonist). These data suggest that the level of
5-HTia receptor agonism of bifeprunox is insufficlent to
show a beneficial effect in this test, In the holeboard model,
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),
B-15063 (0.04 mg/ kg ip), aripiprazole (0.16 mg/kg ip) and
haloperido! {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 P-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 inactive in all parameters
recorded, whether under basal conditions or with PCP
[73,115]. These data sugpest that bifepromox may have
favorable activity on some memory parameters associated
with blockade of NMDA receptors. Finally, abundant
experimental deta 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 'shortterm 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 &. Pharmacological activity of bifeprunox In behaviora! modats.

Modol Response - Routs “Dosa Reference
{mg/ko)
Rat .
Methylphenidate-induced behavior Blacks gnawing ip 0.08 [107s)
Narmalizas behavior ip 1.8
Blocks gnawing po 0.08 [107+]
Normallzes hehavior po §.2
Amphetamine hypertocomotion Blocks hyperiocomotion ip 0.83 [107+]
5C 0.005 {1059]
Ketamine hyperfocometion Blocks hyperfocometion Ip 1.25 [107+)
Conditioned avoidence Blocka behavior ip 0.03
s¢ 0.25 [105%)
Apomorphine-nduced PP deficit Altenuates deficit ip 0.041t0 2.5 {109)
Turning In rats with unilatera! 6-OHODA lesions Induces conlralalerz rolations sc 0.026 {102s]
PCP-induced sedal interaction impatrment Does not augment Inferaction ip 0.01 le 0.63 [114+]
PCP-induced deficit in holeboard improves working and refarence rmemary ip 0.16 [115])
. Diminishes latency time (o first visit ip 0.16
Scopolamine-induced social recognition deficit | Does not reverse deficit ip 0.0025 to 0.63
Foot-shock-induced ullrasanic vocalitaticn Decraases vocalization 3¢ 0.02 10 0.16 [119)
§-32504 (Dy/Dy agonist) drug discrimination No significant generalization to S-32504 ip 063105 [118}
cue
Mouse
Occupancy of striatal 0, receplors (nhibits radiotracar binding in vivo Ip 0.25 (10x0) [128]
PCP-induced hyperiocomotion Blocks hyperiocomotion sC 0.0072 [105+]
Apomorphing stereotypy Biocks climbing Ip 0.03 f108)
Blocks aniffing ip 0.11
Plgeon
Flesinoxan (5-HTy, egonist) discrimination | Partial generalization to flesinoxancue | po | 3 [ 18]

6-OHDA &-hydroxydopamine, PCP phencydidine, PP| prepulsa Inhibition. “Unless otherwise stated, data indicate EDs values or aclive

range.

Among the series of entipsychotics tested, only clozapine,
olanzapine, F-15063 and SLV-313 were active in this model
whereas bifeprunox, over a wide dose vange (0.01 to
0.63 mg/kg ip), did not significantly reverse the deficit
{73,115). It must also be noted that aripiprazole and
SSR-181507 did not show activity, suggesting that partial
agonism 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 ectivity in models of PCP or
scopolamine-induced memory deficits compared with
clozapine or some other third-generation antipsychotics, and
suggest that its activity at Drlike and 5-HTy, receptors is
less suited than that of other compounds in these models of
cognition. However, prudence should be exerted when
att=mpting 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 alleviste 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
{(EDw = 0.04 mg/kg sc) potently reduces fear-induced
ultrasondc vocalization (USY), a result reminiscent of that
cbserved 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) [104,1085),
suggesting that the actions of bifeprunox are mediated by a
combination of both Dz-like and 5-HT14 receptor activation.
Additionally, bifeprunox (0.1 mg/kg) is ective in the
differential reinforcement of low rate operant schedule, a
model that s sensitive to antidepressant compounds [104].
Finally, recent data show that bifeprunox and clozapine, but

not aripiprazole, exhibit potent effects in a model of .

anxiety/compulsive behavior (marble burying in mice)
[LA Bruins Slot, L Bardin, R Depoortre, A Newman-
Tancredi, unpublished datu]. These observations suggest the
potential activity of bifeprunox against some aspects of the
comorbid anxious-depressive states of schizophrenia, and
may differentinte bifeprunox from aripiprazole.

In drug discrimination experiments in rats utilizing S-32504
(a selective and efficacious Dy va Dz receptor agonist) es
the discriminative training stimulus, bifeprunox dose-
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dependenty attenuates the cue, but did not significantly
substitute 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-HT1a receptor agonist flesinoxan from vehicle,
bifepruncx substitutes only at a substantal dose (70% at
10 mg/kg po), suggesting a modest potency at 5HT
receptors. The substitution by bifeprunox is biocked by
co~treatment with the 5-HTa 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 (HDg of 0.026 mg/ kg &) and displayed a maximal
effect approximately two thirds of that observed with
apomorphine [120]. Interestingly in the same model,
aripiprazole failed to clicit rotation behavior at doses up to
2.5 mg/ kg, providing evidence that bifeprunox has greater
agonist properties at hypersensitive postsynaptic striatal
Dz-like 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 models predictive of side
effects

The maximal dose of bifeprunox tested (40 mg/kg ip) does
not produce catalepsy in raty; 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
deletericus effects of D; receptor blockade in the striatum,
which is responsible for catalepsy. Interestingly, this 5-HT1a
receptor influence only appeared at high doses of
bifeprunox (2 25 mg/kg ip) suggesting that the absence of
catalepsy observed at lower doses of bifeprunox may be due
to its partial agonist properties at D: receptors. The EDsp
ratio for inhibilon of conditioned avoidance response, a
model of antipsychotic-like activity (0.03 mg/kg ip) and
induction of catalepsy (> 40 mg/kg ip), yields a
favorable antipsychotic versus EFS therapeutic ratio
(> 1000). Similarly, high EDs ratios were obtained
against d-amphetamine hyperlocomotion (> 100) or methyl-
phenidate-induced gnawing (500) [107s].

In mice, bifeprunox induces catalepsy at doses widely
separated from those active in tests predictive of
antipsychotic activity; for example, the ED5p for induction of
catalepsy is 170-fold higher than that for inhibitiom of
apomorphine-induced climbing [108]. Similarly to
observations in rats, the low catalepingenic potential of
bifeprunox is influenced by its 5-HTix agonism, as
co-treatmnent with WAY-100635 (2.5 mg/kg sc) produced a
> 10-fold shift to the left of the dose-response curve for
catalepsy.

Some bifeprunox-induced dystonia is observed in
neurcleptic-sensitized Cebus monkeys [122,123], but overall
preclinical 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 only
produces & 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 Dz 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 Drlike and 5-HTia properties. The

partial agonism of bifepronox at D2 receptors may
predominate at low dases (ie, 0.063 to 2.5 mg/kg ip), thus
reversing apomorphine-induced PPI deficits. However, at
higher doses (10 and 40 mg/kg), the 5-HT1 agonist activity
of bifeprunox occurs and exerts a deleterious effect on basal
FPI [125]. When tested alone, bifeprunox produced a
substantial deficit of basal PFI (MED = 10 mg/ kg ip). Al of
the other clinjcally utilized antipsychotics, including
aripiprazole, do not impair basal PPI in rats [126]. It is
noteworthy that patients with schizophrenia already display
an innate deficit of PPI that is associated with impaired
functonal status [127], and further impairment of FPl may
constitute o disadvantage for bifeprunox if high doses are
administered.

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-HT14 receptor partial agonism has generated
a serles 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 Drlike
and 5-HTia receptors, Preclinically, bifeprunox displays
activity in a braad range of models of antipsychotic-like
properties and, in phase I 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 Drlike
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 neurotransmission (Table 4). In vivo, bifepranox
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 Dylike partial
agonist activity of bifeprunox causes its reduced activity in
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the latter model, compared with Drlike antagonists such
as haloperidol, risperidone and the third-generation
compounds SLV-313 and F-15063. Too high a level of Dr-like
receptor agonist efficacy may impair control of florid
psychotic episodes arising from hyper-dopaminergic states.
Similar to much of the pharmacological data, resulis 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 risperidane and olanzapine, and
marked drop-out rates due to lack of efficacy suggest that its
Dz like agonist properties may be too accentuated. The
D:z-like receptor partial agonist properties of bifepronox may
also underlie a higher clinical incidence of nausea and
vomiting, leading to the need for dose titration.

Bifeprunox and other third-generation
antipsychotics: Influence of 5-MHT 14 partial agonism
The degree of 5-HT1 receptor agonism desirable for optimal
Dy-like/5-HT:a receptor balance remains under debate. The
5-HT:a receptor activity of bifeprunox in vitro is generally
modest and, in neurochemical tests in vivo, is expressed at
doses that are markedly higher than those at which Dr-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-HTa
receptor activation in electbophysiological measures. In
addition, the fear-induced USV test (Table 5) showed an
involvement of bifeprunox's 5-HTia receptor agondsm at
low doses and it would be interesting to determine if signs
of 5-HTis receptor activation are observed clinically at
antipsychotic doses. This issue is relevant because the
Da-like/5-HTia receptor balance of bifeprunox differs from
that observed for other antipsychotics, including
aripiprazole, which exhibits multiple interactions with
diverse receptors [2B] and low efficacy at 5-HTia 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 Dz receptors but potent 5-HTy,, partial
agonism, while SGR-181507 combines potent 5-HTw
agonism with partial D: receptor agonism (Table 1). F-15063
is a potent D; antagonist and weak 53 Tia agonist, as well
as a D, receptor partial agonist [71-73]. Therefore, while
sharing the common feature of targeting both Dr-like and
5HTis receptors, these putative third-generation
antipsychotics are clearly distinguishable in their receptor
activity, and ave therefore likely to display differing
therapeutk: profiles.

Bifeprunox and other third-generation
antipsychotics: Activity on cognitive deficits
Increased cortical dopaminergic neurotransmission i
considered to be important in controlling the negative
symptoms and cognitive deficits in schizophrenia patients.
However, while clozapine, olanzapine, risperidone, T-15063
and SLV-313 increased prefrontal cortex DA levels in
microdialysis experiments, bifeprunox did not (Teble 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, SGR-181507, F-15063 and SLV-313),
bifeprunox was weakly active in a series of models of
cognitive function in rats based upon ghitamatergic
{(P(P-induced deficits) or cholinergic (scopolamine-
induced deficits) interference (Table 6). Therefore, the
therapeutic efficacy of bifeprunox on cognitive symptom
meagutes compared with that of existing and other novel
antipsychotic agents which display differing profiles of
Dz/5-HT1a receptor interaction is stll to be determined. In
addition, further investigation into the effects of
bifeprunox in preclinical atudies would be desirable, as
would information conceming measures of cognitive
performance from clinical trials,

Bifeprunox and ariplprazole; Are these
compounds sufficiently different?

A key issue likely to influence market penetration of
bifepnmox is its degree of similarity with aripiprazole. At
the pharmacological level, the two compounds may be
distinguished 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
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 [100s], reflecting higher efficacy at D;
autoreceptors, Furthermore, bifeprunox potently induced
contralateral rotations in rats with unilateral 6-hydroxy-
dopamine lesions (Table S), whereas aripiprazole was not
active in this model [102s). These considerations suggest that
bifepnmox may display accentuated De-like agonist
properties compared with aripiprazole. At the therapeutic
level, both antipsychotics have favorable tolerance profiles,
as they are free from metabolic or cardise interference, and
therefore their use may be preferred in similar patient
populations, for example, patients with stabilized psychotic
symptoms who experience pronourwed 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 an 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 its limitations, it is clear that bifeprunox would
benefit from a 'first in class' advantage as a selective Dy/
5-HTa partial agonist entipsychotic and, together with its
favorable tolerance profile, will generate interest from botha
clinical and a drug discovery perspective.
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Table 6. Comparailve pharmacological activity of third-generation antipsychotics.

Experimental model Bifsprunax | Artplprazole | S5LV-313 | 55R-18187 | F-1606) j Clozapine | Haloperidal | References
D; binding affinity - + + + ** +0 - 82.,74)
D, efficacy (partal + + 1] + 0 0 0 [18,71,88»
agonism) 124)
5-HTw binding affinity + + ++ ++ -+ +N 0 (62,71}
§-HT, efficacy + + Py ++ ** + 0 {82,71)
{agonism}
Antagonism of -+ - - * ++ + -+ 107+
amphetamine, 72,1074]
ketamine~-induced

hyperaciivity in rals

Arntagonism of + + - + + + ++ X
methyiphenidate-induced 21071
behaviors

Antagonism of ++ + - + ++ * ++ [107,108]
apomarphine-nduced

stereotypy

Inhibltion of conditioned - + - ++ ++ + ++ 172,1074]
avoidance behavior .

Reversal of apomorphine- + 0 0 0 + + -+ [72,104)
Induced PP defict

Incraasad madial prefronial 0 0 * + * ++ +0 [43+,103)
cortex dopamineg levels .

Reversal of ] ¢ + V] *+ +* o [73,115)
scopelamine-induced

social recognition deficht ‘

Raversal of PCP-induced + + + * + gadation + [115,118]
memory deficits:

holeboard test

Reversal of PCP-induced 0 ++ 0 + + Q 0 (73.1144)
social interaction deficits

Induction of calalepsy 0 o ] 0 Q 0 ++ {72,107,

108,121}

tnoreased plasma 0 +0 A +N - + - [68s]
prelactin lovels )

Induction of memory * 4. 1] Q 0 sedation + [73,115]
defigits: holeboard test

Induction of PPt daficits + 0 +0 0 0 0 [126]
Decreasad hippocampal + 0 + + + 0 0 [434,103]
sarctonin levels -

0 no influence, +/0 weak influsnce, + marked effects, ++ very marked effects, PCP phencyctidine, PP prepulse (nhibitlon.
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REIVINDICACIONES

Una composicién farmacéutica para el tratamiento de

trastornos del estado de &nimo gue comprende un compuesto

'seleccionado de un grupo que consiste en aripiprazol ©

deshidroaripiprazol, combinado con un estabilizante del

estado de animo seleccionado de un grupo gue consiste en

- carbamazepina, lamotrigina, topiramato, gabapentina o© una

sal de los mismos.

La composicién de la reivindicacién 1 caracterizada porque

el compuesto es aripiprazol.

La composicién de la reivindicacidén 1 caracterizada porque

el compuesto es deshidroaripiprazoel.

La composicién de la reivindicacién 2 caracterizada porqgue

el aripiprazol es cristales B de aripiprazeol anhidroso.

La composicién de cualquiera de las reivindicaciones 1 a 4
que ademas comprendan un portador farmacéuticamente

aceptable,.



