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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decisidn 486 de la Comisidon de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 1782373 22/octubre/2010
Reivindicaciones: Folios 373 a 378 22/octubre/2010
Folios 406 a 416 13/diciembre/2010
Dibujos: Folios 422 a 432 13/diciembre/2010
Prioridades: US 61047211 23/abril/2008
US 12432299 14/abril/2009

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridades porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
pricridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Compuesto de quinuclidina como ligandos del receptor
nicatinico de acetilcolina alfa-7"

El problema planteado en esta solicitud consiste en suministrar ligandos del receptor
nicotinico a-7 Utiles para el tratamiento de diversas transtornos del sistema nervioso
central, en especial transtornos afectivos y neurodegenerativos.

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto
de la formula (1) y composiciones que lo contienen

Compuesto |
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El objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): CO7D 498/20; A61K 31/439 ; A61P 25/28.

4. Determinacion del Estado de la Téecnica
El estado de la técnica se determind con base en la fecha de presentacion de la

solicitud de prioridad mas antigua: abril 23 de 2008 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

; . Fecha de
Iitem Documento Titulo Publicacién®
Compuestos espiro
D1 ES 2137926 heterociclicos puenteados 16/octubre/1991
¥y N0 puenteados
Curr. Med. Chem. - a? Nicotinic Receptor
D2 Central Nervous Agonists as Potential 2005
System Agents, 2005, Therapeutic Drugs for
5,171-184 Schizophrenia

D1: http://www.espatentes.com/pdf/2137926 {3.pdf divulga (Pag. 2, Ren. 5-10) Un
grupo de compuestos 4- y 5-espiro(1,3-oxazolinas y 1,3-tiazolinas) en las que el
anillo que esta espiro-conectado a la oxazolina o tiazolina es un anillo saturado
heterociclico con o sin puentes, que contiene un atomo de nitrégeno, refiriéndose
ademas a las composiciones farmacéuticas que contienen los espiro compuestos.
Estos compuestos son potencialmente dtiles para el tratamiento de enfermedades
del sistema nervioso central y periférico.

De igual modo, refiere que los compuestos (Pag. 11, Ren. 55-60) son en general
potencialmente Utiles para el tratamiento de demencia presenil y senil, entre otras
caracterizados porque la enfermedad son alteraciones en las que una hipofuncion
colinérgica central ha sido implicada como minimo de cierta manera.

En otro aparte, indica (Pag. 12, Ren. 5-30) que los espiro-compuestos de la
invencion pueden ser utilizados en combinacidn con inhibidores de la
acetilcolinesterasa tales como fisostigmina o tetrahidroaminoacridina; en
combinacién con precursores de acetilcolina tales como colina o lecitina; en adicién
a medicamentos "nootropicos” tales como piracetam, aniracetam, oxiracetam o
pramiracetam, entre otros principios activos.

Adicionalmente, a traves de las realizacion preferidas del compuesto | {Pag. 2, Ren.
35-45) da a conocer los ejemplos 3 y 4 correspondientes a los compuestos 2-Amino-
espiro(1,3-oxazolin-5,3") quinuclidina y 2-Fenil-espiro(1,3-oxazolin-5,3"quinuclidina,
los cuales se representan a continuacion.

‘* Y
@&T 4 st S

Compuesto | Compuesto 3 Compuesto 4

Finalmente, refiere para el radical R un grupo extenso de sustituyentes dentro del
cual indica (Pag. 42, Ren. 27-45) la seleccion de R entre NH,, NH-Cy5-alquilo y
N(C1salquilo); cuando R forma parte de la férmula 1.

D2: divulga el compuesto AR-R17779 (Pag.175, Col .1} correspondiente al (-)
espiro[1-azabiciclo[2.2.2]octano-3,5-0xazolidin-2'-ona), el cual es un potente agonista
a7 nAChRs el cual es altamente selectivo para el subtipo a7 sobre a4f32. Indicando
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que (Pag.175, Col .2} agonistas a7 nAChRs tiene un potencial terapéutico para
alteraciones cognitivas in enfermedades neuropsiquiatricas incluyendo 1a
esquizofrenia. A continuacion refiere la hipotésis que los derivados 1-
azabiciclo[2.2.2]octano, que tienen una parte aromatica y un grupo espaciador en
la posicion 3, puede tener actividad agonista en a7 nAChR como se representa a
continuacion, como estrategia de sintesis para agonista a7 nAChR.

Q=D

N

Indicando que el enfoque sintético de la relacion estructura actividad de los derivados
de 3-sustituido 1-azabiciclo[2.2.2]octano, muestra que la introduccién de un grupo
estructural a o B-naftil como parte aromatica mejora la afinidad a7 nAChRs. Mas sin
embargo, el reemplazo de |a parte naftil por un grupo benzo [bjtiofenc-2-il incrementa

esta afinidad por a7 nAChRs.

5. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicacién 1 consiste en compuesto de férmula i, caracterizados por ser
derivados de la 2-aminosustituidos-espiro(1,3-oxazolin-5,3"quinuclidina

H
N--Rt

iR &

Compuesto |

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la

Técnica;

Solicitud

D1

D2

Un compuesto de férmula |

H
N\.R‘l

Compuesto |

El compuesto

@&TR

R1

R1

se selecciona del grupo
constituido por isoxazolilo.
pirazolile; oxazolile, tiazolilo,
imidazotilo, oxadiazolile,
tiadiazolilo, triazolile, piridinilo,
pirazinilo, piridazinilo, pirimidinilo,
triazinilo, quinolinilo,
iscquinolinilo, quinoxalinilo,
quinazolinilo, naftiridinilo,
indazolile, indolile, 2-indolonilo,
bencisoxazolilo, benzoisotiazolilo,
benzoxazolilo, benzotiazolilo,
bencimidazolile, furopiridinilo,
tienopiridinilo, tienopirimidinilo,
isotiazelopiridinilo,
tiazolopiridinile,
tiazolopiridinenilo, tiazolopirazinilo,
tiazolepirmidinilo, triazolopiridinito,
triazolopirazinilo, pirrolotriazinilo,
5 6-dihidrobenzalhlquinazolinilo,
SH-cramenc[4,3-d]pirimidinilp,  6,7-
dihidra-5H-¢lclopentald]pirimidinito,
5.6.7.8-tetrahidroquinazolinile, 7,8-
dih;droquinazoiin-5(BH}-cnilo y
tetrahidrobenzotiazolilo sustituidos

amino-C e-alquilo, mono-(C.e-
alquilo)amino-Cg-
alquilo, di-( Cy.e-alquilo}amino-Cq.e-
alquile

Divulga que 1.) el compuesto AR-
o

o4

R177749 v

carrespondiente al (-) espiro[1]
azabiciclo[2.2.2]octanoe-3,5 -oxazolidin-
2'-sutituido), el cual es un potente
agonista a7 nAChRs el cual es
altamente selectivo para el subtipe a7
sobre g482.

2.) da a conocer la hipotésis que los
derivados 1-azabiciclof2.2.2)octano, que
tienen una parte aromatica y un grupo
espaciador en la posicion 3, puede tener
actividad agenista en a7 nAChR comao
se representa a continuacién, coma
estrategia de sintesis para agonista a7
nACHhR.

3.) y que derivados de 3-sustifuido 1-
azabiciclo[2.2.2]octano, muesiran que la
introduccidn de un grupo estructural a o
B-naftil como pare aromatica mejora la
afinidad o7 nAChRs, Sin embargo, el
reemplazo de |a parte naftil por un grupo
benzo [bltiofeno-2-il incrementa esta
afinidad por a7 nAChRs.
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Realizacion Preferidas Realizacidén Preferidas
HN
A
3 i [Nj"” Compuesto 3
HN AN ==
o /
N \
s S, |
Ln InT Compuesto 4
Ejemplo 1 o-\<N
AN
Compuesto 1

El documento D1 se consideran el estado de la técnica cercano a la invencion
definida en la reivindicacion 1 porque divulga una serie de compuesto derivados de la
2-amino  sustituidos-espiro(1,3-oxazolin-5,3")quinuclidina Utiles como agonista
colinergico y para el tratamiento de enfermedades del sistema nervioso central y
periférico.

La diferencia entre la invencion, definida en [a reivindicacion 1y el compuesto 3 del
documento D1 es que la invencién define que en la posicién 2 de anillo espiro(1,3-
oxazolin-5,3")quinuclidina un sustituyentes amino sustituido por un radical heteroarilo
mono o biciclo y el documento D1 refiere como posibles sustituyentes del radical
amino cadena alquilicas de 1 a 6 atomos.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: “cémo modificar el sustituyente en la posicion 2 del anillo
espiro(1,3-oxazolin-5,3")quinuclidina de los compuestos del documento D1 para asi
obtener compuestos ligandos del receptor nicotinico a-7 utiles para el tratamiento de
diversas transtornos del sistema nervioso central, en especial transtornos afectivos y
neurodegenerativos.

El efecto que logra al “modificar el sustituyente en la posicién 2 del anillo espiro(1,3-
oxazolin-5,3"quinuclidina de los compuestos del documento D1 es obtener
compuestos alternativos ligandos del receptor nicotinico a-7 utiles”.

Sin embargo, dado que el documento D1 refiere (Pag. 22, Ren 49-54) que el
compuesto de la invencion (el amino analogo de AF125) fue también activo como
agonista colinérgico y que el documento D2 refiere que los derivados 1-
azabiciclo[2.2.2]octano, que tienen una parte aromatica y un grupo espaciador en la
posicién 3, puede tener actividad agonista en a7 nAChR y que los derivados de 3-
sustituido 1-azabiciclo[2.2.2]octano, muestran que la introducciéon de un grupo
estructural a o B-naftil como parte aromatica mejora la afinidad a7 nAChRs y que sin
embargo, el reemplazo de la parte naftil por un grupo benzo [bjtiofeno-2-if mcrementa
esta afinidad por a7 nAChRs.

En consecuencia, una persona del oficio normalmente versada en la materia, estaria
motivada o tendria suficientemente expectativa de éxito modificar el sustituyente en
la posicion 2 del anillo espiro(1,3-oxazolin-5,3")quinuclidina de los compuestos del
documento D1 para obtener nuevos agonista en a7 nAChR alternativos empleando el
grupo Z2-amino-oxazolin-5,3' como grupo espaciador e introduciendo un anillo arilo o
heteroarilo para asi obtener agonista en a7 nAChR como lo sugiere el documento D2,
Para asi llegar al objeto de la reivindicacion 1. Por lo cual |a reivindicacién 1 para el
primer grupo inventivo se considera obvia.

Puesto que las reivindicaciones dependientes 2-12 no mencionan caracteristicas
inventivas adicionales para el primer grupo inventivo tampoco se pueden considerar
inventivas
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6. Conclusidn

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Item Documento Reivindicaciones afectadas Requisito que afecta
D1 ES 2137926 1-12 Nivel Inventivo
Curr. Med. Chem. -
Central Nervous
System Agents,
2005, 5, 171-184

D2 112 Nivel Inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de |a respuesta subsistieran
los impedimentos para la concesién, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante (60 dias) y presentaria por escrito.

Notifiquese el presente oficio conforme a lo dispuesto en el numerai 5.2, literal ), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

G

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2 3 007, 202

Elaborado por: Lanin Raberto Guerrero. _ﬂ
Revisade Por: Consuele Leguizamén Leguizamén
Aprobado por: José Luis Salazar Lépez.
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o7 Nicotinic Receptor Agonists as Potential Therapeutic Drugs for

Schizophrenia

Kenji Hashimoto"*, Kaori Koike?, Eiji Shimizu® and Masaomi lyo’

‘:Divi.\-inn of Clinical Neurascience, Chiba University Center for Farensic Mental Health, Chiba, Japan, and
“Department of Psychiary, Chiba University Graduate School of Medicine, Chiba, Japan

Abatract: Debicient inhibitory processing of the P50 awditory evoked polential is o menasirable marker observed in
schizophrenia. Several lines of evidence suggest that @7 nicotinic receptors (o7 nAChRs) play a critical role in P50
auditary sensory poting in the human bmin, Similor to schizophrenic patients, DBA/2 mice sponraneously exhibit a defl-
tit in inhibilory processing of the P20-NAD auditory cvoked polentiu). which is » rodenl annlogue of the buran P50
auditory eveked potential, Agenists 31 @7 nACHRs improve deficient inhibitory processing of the P20-N40 auditory pat-
ing potential in DBA/2 mice. [n this anicle, we review the role of o7 nAChRs in the pathophysiology of schizophrenia,
and o7 nAChR agonists and indirect sgonists (5-hydroxytryptamine.3 (5-HT;) reecplor eningonisls, positive allosteric
maodulntors (galantamine, 5-hydroxyindole, PNU-120596). FK960, FR236924) at a7 nAChRs as potentinl Iherapeutic
drugs for the ireanment of schizophrenin, In addition, we also discuss the role of kynurenic acid as an endogenous an-

ingonist of @7 nAChRs in brain.

Keywords: o7 nicotinic receptors, anditory gating, sensary gating, cognition, schizaphrenin.

SCHIZOPHREN1A

Schizophrenia is a chrenic psychotie mental disorder that
affects about one percent of the world's general population.
This illness hos varied and aminous symptoms that genernily
begin in lale adolescence or corly adulthood and usually
continue throughout life. Schizophrenia is characterized by
three broad types of symptoms: positive symptoms [e.g.,
hallucinations, delusion, or bizarre behaviors) . negative
symptoms {c.g., blunted uffect, anhedonia, avolition or apa-
thy, 2nd alogia) , and cognitive impaiment (c.g., problems in
attention and concentration, psychomotor speed, Iearning and
memory, and executive function) [1,2]. Positive and negntive
symptoms vary in intcnsity over lime: paticnis may hove
predominantly one type at any particular time. [n contrast.
cognitive impairment is a core feoture of the illness, snd pre-
dicts vocational and social disabilities for patients [1,2).

The cause of schizophrenio is unknown, bur several lines
of evidence suggest that genetic factors and environmental
factors {¢.g., prenatal and perinatal cvents « including mater-
nal influcnza, rubclla, mudnutrition, diabetes mellitus, and
smoking during pregnancy - and obstetric complications)
contribuse to the pathophysiology of this illness [1-9]. Fur-
thermare, schizophrenia may be a neurodevelopmental and
mragressive disorder with muliiple biochemical abnormalities
involving the dopamine, serotoain. acetylcholine (ACh) .
glutnmate, and y-aminobutyric acid (GABA] systems
{1.2,10-23].

*Addres cormispondence o Dr, Kenji Hashimoto, Division of Climical
Neuroscienve, Chiba Univenity Cenier for Forensic Meatal Healih, 14841
[nohana, Chiba 260-B670, Japan; Tel: +31-41-226-2147: Fax: +§1.43-226-
2150, E-mail: hnshimotoi leculty chibeu jp

FS6R-0150/08 550 00+.09
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SCBIZOPHRENTA AND SMOKING

In several countries, the prevalence of eigaretie smoking
ameny schizephrenic patients is extraordinarily high (70% or
greater) [24-29). While she prevalence of smoking is declin-
ing in the general population, il is not declining in the pa-
tients with psychiatric disorders, particulacly in schizophre.
mia. F has alse been reparted that the percentage of schizo-
phrenic patients who quit smeking is much lower when com-
pared with the normal US population [25,30]. The reasen
underlying the high frequency of smeking io schizophrenic
paticnts is currently unclear. It has also been suggested that
smoking may be a form of self-treatment for patients with
schizophrenia, since nicotine hos been shown o reduce
negative symptoms [24-26,28]. Interestingly, it has also been
reported that schizophrenic paticats are usually smoking be-
fore diagnosis [31]. suggesting that impaired neurotronsmis-
sion by nicoting might be involved in the pathaphysiology of
schizophrenia.

a7 NICOTINIC RECETTORS

{8}-{-)-Nicatine (Fig. 1, hereafter simply nicoune) , the
main addictive componens of tobacea, activates and desensi.
lizes nicotinic ACh recepiors (nAChRS). Tn the centeal nerv-
ous syslem (CNB) . nAChRs normally respond 1o ACh (Fig.
1) and modulate ncuronal excitabilily and synaplic commu-
nication [32-33]. The health consequences of smoking and
the mechanisms involved with nicotine dependence comtinue
to be subjects of greal interest [36-40]. In addition. recent
attention has been dirceted 1o the potentiat role of nAChRS in
diseases and therapeutic targets [13,14.41-51].

The nAChRs are ligand-gated ion channcls that are dis-
tributed all over the human CNS and that cach consists of

£ 2005 Bentham Scirnce Poblishers btd.
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Fig. (1). Chemical struetures of {S¥{-)-ntcatine. acerylcholine (ACh) 2nd choline,

five subunits (3 combination of ¢ and B subunits). At present,
nine & (a2-<110) and three B (B2-B4) subunits have been
identified and cloned in humans, The numerous combina-
tions of & and B subunits or of & subunits alone can generale
many subtypes of nAChRs with different physiologies.
phartnacologies and anatomical diswibutions {35]. Two ma-
jor subtypes exist in the brain, those comprised of a4fi2 and
those comprised of &7 subunits (Fig. 2). The former conirib-
ute >90% of the high affinity hinding siwes for nicatine in the
rat brain [52). The low affinity binding sites (o7 subunits) for
nigoline are recognized by heir panomuolar affinity for o-
bungarotoxin [53). The a7 nAChRs have an unusualty high
permeability to Ca®" compared to other subtypes and exhibit
cxeeptionally rapid desensitization following exposure to
egonists {39,54-58). Choline (Fig. 1) is an essential physio-
logical component of the cercbrospinal fluid (C$F) and is
important for the structural integrity of cefl membrancs, ACh
synthesis, and lipid and cholcsterol transport and metabo-
lism. Scveral lines of evidence suggest that choline is a full
agenist of &7 nAChRs, but not other nAChR subtypes [59-
62).

The a7 nAChRs are assumed to comprse five of
subuniis and differ lrom other subiypes of nAChRs. ln par-
ticular, the a7 nAChRs may play a distinet role in regulating
neuronal plasticity. By clevating intracellular Ca®* levels in
discrete neuronnl locations, these ligand-gated jon channels
nay influence numcrous physialogical pracesses in the de-
veloping and adult CNS [35,54,55,63). Several lines of ovi-
dence suggest that both pre- and postsynaplic «7 nAChRs

Heteromeric Receptor

adp2 subtype

Fig. {2}, Recepior assembly of eedfi2 subunits and &7 subanits of nicotinic receptors in bmin.
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modulate transmitter release in the brain through Ca™-
dependent mechanisms, and that the &7 nAChRs play e role
in regulating neuronal growth and differcatiation in the de-
veloping CNS [35,54,63,64]2. Furthermore, it has been pro-
posed thot intracellutar Ca® may be corcgulated by N-
methyl-D-aspartate (NMDA) receptors and oF nAChRs in
the brain [54]. Together with NMDA receptars, postsynaptic
a7 nAChRs may serve to regulaie intracellutar Co™ levels in
neurons, whereas presynaptic a7 nAChRs could serve as a
feedback mechanism for modulating ghnamatergic ransmis-
sion (Fig. 3). Thus, il is possible that o close interaction be-
tween cholinergic and plutamatergic pathways, mediated by
o7 nAChRs nnd NMDA receplars, may play a role in the
pathophysiology of schizophrenia.

SCHIZOPHRENIA AND 7 nAChRs

The binding sitcs (a7 subtype) labeled by ['™ja-
bungarotoxin are different from the high afTinity binding
sites {od4p2 subtype) for nicoting [65). In the hippocampus,
['*1]a-bungaratoxin binds most intenscly to inhibitery in-
terneurons in the CAJ region of Ammon’s hom and in the
hilus of the dentate gyrus [66]). These authors subsequently
suggested that inhibitory intemeurons with &7 nAChRs are
possible candidates for medication of the habituation of
auditory responses in the hippocampus because activation of
the interncurons vie o7 tAChRs would increase the iithibi-
tary syraplic input to pyramidal neurgns and thereby dimin.
ish the responsiveness of these pyramidal neurons to sensory
stimulation [67]. This parallels studies of postmoriem human

Homomeric Receptor

o7 subtype
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Ghutamatergic Terminal

Astrocyte

8 o7 nacer

m NMDA receptor

{D 5-HT, receptor

Fig, (3% Role of a? nicotinic reeeplors (a7 nAChRS)Y and NMDA receplors in the neeron-glin communication in the brain. Acetylcholine
{ACh) released from the nerve terminal of cholincrgic ncurons binds to a? nAChRs on the postsynaptic neurans, By stimulation at a?
nACHRs on the presynapiic termimals. ghoamate released from the nerve lerminals of glutamate neurons binds to NMDA receptors on the
pustsynaptic newrons. Thus, the increase in intmeeliular Co®* that arises from uctivation of o7 nAChRs and NMDA recepiars lead to cell
signuling end gene expression. Kynurenic scid synthesized from L-tryprophan in astrocyies, and. s 2 non-competitive aniagonisl, kynueenic
oeid binds 1o 7 nAChRs and glycine sites on NMDA receptors. D-Serine is synthesized from L-scrine via serine racemase in astrocyies.
Glutamate binds 10 AMPA receprors on nstrocyte that stimubate the relegse of Tr-serine. Released D-serine binds o glycine site on NMDA
receptors. Thus, a7 nACIRs ang NMDA receptors can exert a wide range of intluences through Ca®' sigrals, from chianges in synaptic plas-

ticity in the broin.

tissue thut documenied a decreased expression of hippocam-
pal @7 nACHRs in schizophrenic patients {68]. Thus, it seems
that schizophrenic patients have fewer 7 nAChRs in the
hippacampus, a condition which may lead 1o failure of cho-
linergic metivation of inhibitory intermeurons, manifest clini-
cnlly as decreased gating of (he response (0 sensory stimula-
tion [67,69.70].

It has been shown that |"™]]o-bungaratoxin binding is
reduced in the thalamic reticular nucteus of schizophrenic
subjects [71], and that o7 nACHR protein levels are reduced
in the frontal cortex in patients with schizophrenia [72].
Furthermuore, Manstle ef al, [73] observed a reduciion of o7
nAChRs but an increase of [Hleytisine binding to ccdf2
nAChRSs in the cingulate cortex of schizophrenie patients.

In regard to the scarch for peripheral biolagical markers
for schizophrenia, Perl e al. [74] investigated the mRNA
levels of a7 nAChRs in peripheral blood lymphocytes of
schizophrenic patients and healhy controls. They found a
significant reduction of o7 nAChR mRNA levels on lym-
phaeytes of schizophirenic patients [74]. This reduction was
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not a resull of medication, because the nen-medicated pa-
tients displayed the same levels of reduction in a7 nAChR
mRNA. In addition, the possibilily thal the observed decrcasc
in @7 nAChR mRNA Ievels resulted from nicotine con-
sumption in smoking was excluded, because healthy smokers
exhibited the some levels of 7 nAChR mRNA as non.
smokera [T4]. These findings suggest that mRNA levels of
o7 nAChRs in peripheral blood lymphocyles may senve a
reliable periphern) biological marker for schizophrenia.

SENSORY GATING DEFICITS [K SCHIZOPHRENIA
AND a7 nAChRs

Deficits of sensory gating in schizophrenia derive from
the clinical observation that paticnts report failures of infor-
mation processing characterized by poor sensory pating
[67.75-77]. The underlying problem is evident in the inahiliry
of people with schizephrenia to ndequately filter their re-
sponse o incoming sensory stimulation, as measured by their
inhibilory processing of the P50 auditory evoked potenlial,
The P50 auditory evoked potential is » positive electroen-
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cephalographie waveform that occurs 50 msec nfter presen-
tation of an auditory stimulus. When pairs of auditory stimuli
are presented, with a 500 msec interstimulus interval, schizo-
phrenic patients fail to adequately inhibit the P50 response to
the secord stimulns. Normal subjects, however, have signifi-
canily reduced  responses o the  second  stimuolus
[67,75.78,77]. The reduced response to the second slimulus
reflects inhibitory processing of the information that may
function to protect the individual from being overwhelmed
by incoming. repetitive sensory information, It is known that
nicoting transiently normalizes the P50 auditory evoked-
potentin] deficits in schizophrenic patients {79.80].

Genetic linkage analysis of the P50 auditory-cvoked po-
tential deficit in families of patients with schizophrenia has
revealed o peak LOD score al £5q13-q14, and the LOD score
wos 5.3 {theta=0.00) ax the D13SEI60 marker, which is lo-
cated in intron 2 of the gene for the a7 nAChR subunii
(CHRNAT) [R1]. The CHRNA7T gene is located on chromo-
some 15q13-gl4, a region linked with schizophrenia in sev-
ernl enrlier studies [82,83). The CHRNAT has a partinl dupli-
cation of exons 5.10, including the intervening introns
{CHRFAMT) that map approximately 0.5 Mb proximal to the
fult-Fength CHRNAT gene [84]. The D1581360 microsatel-
lite repeats, in intron 2 of the CHRNA7 gene, cosegregate
with an auditory gating deficit in family linkage studies of
schizophrenic patients [B1). Furthermaore, in a mutation
sereening of the CHRNAT gene from schizophrenics and
controls, Loonard ¢f af. [85] identificd the promoter poly-
morphisms that decreased the subunit ranscription and P50
inhibition in schizophrenia. Moreover, an nssocintion has
been demonsirated between the homozygous 113 bp allele on

CHLNCH,

CH,NCH,

Dasan DMAL

s Syviem Apents, 2008, ol 5, No, 3

Ansbaring

Hashimato ot al,

DI1551360 polymorphism of the CNRNA7T gene and smok-
ing risk in schizophrenia [86), Token 1ogether, these results
suggest that the CHRNAT gene is likely susceptibie to the
deficits  of sensory pgating P50 in  schizophrenia
[12,13,29,67.69.70,76,8 85].

«7 NICOTINIC RECEPTOR AGONISTS

While there are a number of nicotinic receptor agonists
knawn o be seleetive fer the adB2 subtype, there are some
agonists which bind the @7 nAChRs sclectively over other
subtypes  [42,47,49).  Anabascine  (2-(3-pyridyl)-3.4.5.6-
tetrnhydropyridine) (Fig. 4) , o natrally oeeurring substance
in nemertines, is an agonist at the newromuscular junction
1871 and is structurally related to nicotine. The more well
known compaund anabasing {nconicatine; 3-{2-piperidinyl)
pyridine) (Fig. 4) is a weak nicotinic alkaloid found in 10~
bacco that Iacks the imine double bond presemt in snnbascine.
Three  analogues  of  anpbascine,  3-(2.4)-dim-cthoxy-
benzilidine anabaseine (DMXB-A; also known as GTS-21),
3-{4)-dimethylaminobenzylidinc anabaseine (DMARB), and 3-
(4)-dimethylaminocinnamylidine {DMAC) ., have been re-
ported to be functionally selective for the o7 nAChR=s [#8]
{Fig. 4). Compared with anabaseine and the other deriva-
tives, DMAC was the most potent at displacing ['“Ie-
bungarotoxin binding g;;ulmivc al sublype) and the least
potent at displacing {"H]cytisine binding {(putative cedf2
subrype) to bruin membroncs. These anabascine derivatives
were partinl agonists at o7 nAChRs [88). Furthermore,
DMXB-A bound 10 human od4f2 nAChRs (Ki=20 nemol/L)
100-fold mare potenity than wo human a? nAChRs, and was
18- and 2-fold less potent than (-)-nicotine a1 human cdf2

QCH,

DMXB-A [ OTTS-2H)

HOAROTA

Fig. (4). Chemical structurcs of anabascine, nnabasine, DMXB-A, DMAB, DMAC and OH-DMXB-A.
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ond 0.7 nAChRs, respectively [89]. The primary human me-
tabolite, 3-(4-hydroxy-2-methoxybenzylidine) anabaseine {4-
OH DMXB-A; Fig. 4) , of DMXB-A exhibiied a similar
level of efficacy for buman of nAChRs [90,91]. Initial
{phose I} clinical studies on DMXB-A have been reported
{92}. DMXB-A was administered 10 87 healthy volunteers,
Initially, the effects of singht doses {range, F-250 my) were
assessed. The elimination half-life ranged between 0.5 and
1.4 h for DMXB-A and its major phase | metabolite, 4-OH
DMXB-A. Mo sericus adverse effects were reported with
these doses. Al twice daily doses of 75 and 150 mg for §
days, DMXB-A improved the cognitive function of young
adull voluntzers. Furthermore, DMXB-A improved long-
temy memery as well as werking memory and nttention, as
measured by the Cognitive Drug Rescarch test banery [92].
Therefore. it is of great interest to examine the effects of
DMXRB-A in schizophrenic patients, who have bheen shown
suggested w huve low levels of deficits in the functioning of
o7 nAChRs [68].

Researchers ot Astra Zencea remorted the profile of AR-
R17779, (-)-spiro[1-azabicyclo[2.2.2}ectane-3,5"-oxazolidin-
2"-one] (Fig. 5) . a potent ult agonist of the &7 nAChRs that
is highly selective for the o7 subtype over the odfi2 subtypes
[93]). AR-R 17779 was prepared as shown in Fig. 5. Reaction
of methyl 3-hydroxy-1-azabicyclo-[2.2.2}oclane-3-ocetale
with hydrazine followed by Curtius rearrangement led 1o the
desired carbamate. Resolution of the carbomate was accam-
ptished via the dibenzoyl-D (or L)-tartrate salt. AR-R17779
has been widely wsed as a sclective full agonist at the o7
fAChRs. For example, AR-R17779 faifed 10 stimulaic loco-
motor activity in both nicetine-nontolerant and -sensitized
rals, whereas nicotine and the putative zgonist SIB1765F,
[£])-5-ethynyl-3-(1-methyt-2-pyrrolidinyl) pyridine furnarate
(Fig. 6) [92), at w4fi2 nAChRs increased the activity under
both experimental conditions. suggesting a negligible role of
a7 nAChRs in nicoting-induced hyperlocometion and reward
ier the rat (93], Furthermane, it has been reparted thar chronic
administration of beth nicotine and S1131 745F, but not AR-
R17779, resulted in an enhanced logomotar response 10 acule
challenge with either nicotine or SIB1765F but not AR-
R17779, suggesting that the ¢4p2 subtype plays a role in
both the inirztion and expression of sensitization 10 the psy-
chomotor stimulimt eficets of nieoting [96]. Moreever. ad-

[

H 0’(

NH
1} NH;NH, / tolucne
—_— e
CO.CHy
N

2) NaRy, HCL S HyO |

o]
OJNH

@/

L
AR-R1TI™

Fig. (5), Synihesis of AR-R17779.
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ministration of AR-RET779 improved learning in two radial-
arm maze tasks nnd reversed working memory impaimment
caused by fimbria-fornix section [97). These findings suggest
that o7 nAChRs play a role in lesming and memery, and that
agonists at &7 nAChRs might have therapeutic potential for
cognitive impairments in neurapsychiatric discases, includ-
ing schizophrenta.

= N YOHO,

| N
= H |

N CH,

SIB EI65E

Flg. (6). Chemical structure of SIB 765F.

Macor and Wu reported some derivatives of 1-
azabicyclof2.2.2loct-3-yl phenylearbamate as agonists an o7
nAChRs [98] (Fig. 7). In order to develop novel sgonisis al
a7 nAChRs, we hypothesized that T-azabi¢yclo[2.2.2)octane

Fig. (7). 1-Azabicyelo[2.2.2]o¢1-3-y| phenylcarbantats derivatives.

derivatives, bearing an sromatic part and o spacer group at
the 3-position, may have agonist activity at o7 nAChRs [99]
{Fip. 8). We reported a synthetic approach and the siructure
activity relationship of 3-substinsted 1.azabicyclo [2.2.2]

@,oYQ =,

] N
N

Fig, (). Synthetic smatepy for a7 nAChR agonists.

oclane derivatives, As shown in Table I, the intcaduction of
an o or P-naphthyl moicty as the aromatic part dramatically
enhanced the affinity at &7 nAChRs (Table 1), Moreover, the
replacement of the naphthyl part with the benzo[b]thiophen-
2-yl increased the affinity for 7 nAChRs (Table 1), The (S)-
stereeisomer of the benzo[b]thiophen derivative was more
potent than that of the (R)-isomer; however, the compound
showed poor bioavailability [99]. Table I shows the binding
data of benzafb]thiophen-2-y1 derivatives. Alkylene ana-
logues were more potent than their corresponding ketone
analogues [99]. Among these derivatives, (+)-3-[2-(benzo[b]
thiophen-2-yl)-2-oxocthyl]-1- azabicycle[2.2.2] octane is a
potent and partial agonist of a7 nAChRs [99] (Fig. 9), Fur-
thermore, we reported the structure-activity relationships and
pharmacokinetic profiles of the series of cornpounds leading
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Table 1.

Binding AfMinitles of 1-Azablevelo|2,2,2|octane De-
rivatives

Hoxhimaoio ot ol

to the discovery of (R)-3" (5-chlerothiophen-2-yl} spirg-1-
azabicyclo[2.2, 2]octane-3,5"-[1°,3 " Joxazolidin-2"-one  {100]
(Fig. 10) This compound has potent binding affinity (Ki=9
nmol/L for a7 nAChRs) and good sclectivity loward the
other nicolinic subtypes (482 and a1B2y5). Also, this com-
pourst s good ol bionvailability and brain permeability.

N
8 A 1 7 affini P
PROFT ramatic part a7 affinity £
{(IC: pmotiL,) uJ{N ,IC'
— OCo— Ph 2.6 =
— acH,— Ph 37 N
— 0= | 2 gy Tos o e
= otl= 1-Maphih¥l 0.73 Fig. (10). Chemical structure of (R)-3'(5chlarvthiophen-2-yllspira-
- :'T)C":_ T u-nso |-azabicyciof2.2,2Joctame- 1571173 Jonazolidin-2"-one,
§ !
Y ! Interestingly, this compound (10 mg/kg, p.o.)} significantly
improved  dizocilpine ((+}-MK-801) (3 mg/kg)-induced
— odi,— s 0515 auditory galing deficits in rats. suggesting that this com-
7 ) pound has the potential to improve sensory gating deficits in
2 schizophrenic patients {100]. Moreover, we have developed a
(R} novel partial o7 nAChR  agonist, W-56203, (R)-3-(3-
— OCH,— 0,026 methylbenze  [bithiophen-5-y1)  spiro[l-  nzabicyelof2.2.2]
§ ’ oclane-3.5-0xazolidin]-2-one, {Fig, 11} at a7 nAChRs (Ka-
N { layama et ol, The 33rd SFN Annual Meeting, 2003). W-
1S 56203 bound to a7 nAChRs with a Ki value (3 nmol/L). No
significant binding of W.56203 was delected al @42
HyC
Table2. Binding Affinitics of Benzo[h]thiophen-2-y] Derlva-

tives

7 afMinity
{ICsat priall.

0.85

H;

04l

013

H,

0.023

~

H;

1.7

037

0

oA B

N 5

N
W-56203

Flg. {(11). Chemical structure of W-56203,

nAChRs or muscarinic receptors. Furhermore, W-56203
showed no binding to other known receptors {dopnmine I3,
and D3, 5-HT ), 5-HT3, adrenergic al, o2, histamine H, nnd
Hi) or ion channels (NMDA and -amino-3-hydroxy-5-
methyl-d-isoxazole propionic acid {AMPA) ), although W-
56203 exhibited o moderate affinity to 5-HT, receptors. In
cultured hippocampal neurons, W-56203 evoked a rapidly
desensitizing inward current, which was blocked by the sc.
lective o7 nAChR antagonist methyilycaconitine (MLA, 1
nmol/L} (Fig. 12} Intcrestingly, W-56203 has been shown to

significantly improve dizocilpine-induced auditory gating
deficits in rats {Katayama er of, The 33rd SFN Annual
Meeting, 2003). These results suggest that W-56203 is an
orably active and partizl agonist al o7 nAChRs, and thal W-

S
OUHy ] )
N 56203 would be a useful drug for the treatment of schizo-

N phrenia.

Ry ophon Ltk Decreig Researchers a1 Targacept Inc. reported that 2-(3-pyridyl)-
t-azabicyclo[3.2.2]monane (TC-1698: Fip. 13) was a highly

selective agonist of o7 nAChRs [101], TC-1698 exhibited a

rabe k{12 st
Fig. (9). Chemical structure of {+}-3-[2+benza[b]thiophen.2-yl}-2-
oxuethy]-1- aznbicyele[2.2.2Joclane,
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QM2

.0

O N O
v MLA
<

Fig. (£2). Chemical siructure of MLA,

TC- 1608
Fig. (13}. Chemical structure of TC-1698,

Ki of 11 nmol/L in the binding assay of PHMLA to rat hip-
pocampal membranes, whereas TC-1698 (10 pmol/L) had no
or very low afTinity for other receptors. TC-1698 exerts neu-
roprotective effects via activation of the JAK2/PI3K cascade,
which c¢an be neutralized through activation of the angios
tensin 11 receptors [100]. These findings suggest that JAK2
plays a ceatral role in the &7 nAChR activation of the JAK2-
PI3K eascade in PCE2 cells, which ultimately contribute to
a? nAChR mediated neuroprotection.

Researchers o1 Pfizer reported the selective o7 nAChR
agonist PNU-282087. N-[ (3R}-|-azabicyclo[2.2.2)oct-3-v1]-
4-chlorobenzamide hydrochloride (Fig, 14) [102, 103}, PNU-
282987 binds 10 a? nAChR with & Ki of 27 nmol/L, and
showed evoked whole-cell currents from cultured rai hippo-
cumpal neurens that were sensitive 1o the selective o7
nAChR antagonist MLA [102,103]. Systemic administration
of PNU.2R298T (I mg/kg, iv.) significantly improved d-
amphetamine-induced sensory gating deflicits in chloral hy-
drate-anesthetized rats. These findings snggest that PNU-
282987 may be useful for treating the cognitive and arten-
tionnl deficits of schizophrenta | 102.103].

N
e
y

PNU-2E437

a

Fig. {14). Chemical stracture of PNU-282987.
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Very recently, researchers at Sanofi-Aventis demon-
sirated a novel «7 nAChR agonist SSRIBOTHIA, 4.
bromophenyl 1 4-diazabicyclo[3.2.2]nonane-4-carboxylate
hydrochloride {Fig. 15 Biton ¢r al, The 34™ SFN Annual
Meeting, 2004). Binding assays show that SSR180711A has
8 high and sclective aflinity for the human (Ki=78 nmol/L)
nnd rat (Ki=50 nmol/L) &7 nAChRs. This ligand inhibis, in
a dosc-dependent manner, she ex wive ["H]a-bungaretoxin
binding in mouse corticnl homogenates after both i.p. and
p.0. administration. Al eccombinant hurman a7 nAChRs,
SSRIBOVILA displays o partial agoaist profile. Ferthermare,
it has been reported that SSRIRGTIIA improves cognitive
deficits in o variety of rt models related to schizophrenia,
This drug restores the selective attention defieit induced by
PCP administrution at the neonuta) stage. This action is re-
versed by the seleetive a7 nAChR antagonist MLA, sug-
gesting that &7 n AChRs play a role in the mechanism of ac-
tion of SSR180711A (Pichat er e, The 34™ SFN Annual
Meceting, 2004), This drug also restores a short-term episodic
memory impairment and o spatin] working memeory deficit
induced by PCP or dizocilpine. In addition, it has been
shown to cohance the in wive retrosplenial cortex firing in
rats (Pichat e/ af., The 34™ SFN Annuat Mecting, 2004}, The
retrosplenizl cortex is known to be a corticolimbic structure
involved in nouropathalogical changes related 0 NMDA
receptor hypofunclion [104-110]. This drug alse cnhonces
extracellular dopamine release in the prefrontal cortex
{Pichat ef al,, The 34® SFN Annual Meeting, 2004). Taken
Ingether, these findings suggest that SSRIBOTI1A has a po-
tential to improve cognitive deficits associated with schizo-
phrenia. Theretore, future clinical studies of SSRIZG711A on
cagnitive deficits in schizophrenic patients would be of grear

inlerest,
Hr
el
A N o}

JA T
SSRIBOTIEA

Fig. (15). Chemical structure of SSRI807E1A.

ANIMAL MODELS OF SENSORY GATING DEFICITS
AND o7 NICOTINIC RECEPTOR AGONISTS

The hippacampal P20-N4G wave in DBA/2Z mice has
been used to model the neurobiolopgy and pharmacology of
the hwmun P50 processing deficit [§11-115]. Inhibition ol the
P20-N40 response and expression of o7 nAChRS in the hip-
pocampus were found to be significantly correlated across
nine inbred strains of mice [112]. This correlation showed
that mouse sirains with the fewest hippocampal o7 nAChRs
had the least inhihition of the P20-N40 response 1o the sec-
ond of paired stimuli [112]. [n particular, the DBA/2 struin of
inbred mice was shown o fail o adenuaie their response 1o
the sccond stimulus and te have significantly decreased cx-
pressions of the o7 nACHRSs in their hippocampi [112]. This
porallels stedies of postmortem human tissue that docu-
mented  he  decreased expression of  hippocampnl o
nAChRs in schizophrenic patients [68-70]. Interestingly,
subcutaneous or intragastric injection of DMXB-A has been
demonstrated to normalize deficient PZ0-N40 inhibition in
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DBAZZ mice {113.114]. Therefore, agonists at &7 nAChRs
are a drog candidate thas may prove cfficacious in nonmaliz-
ing deficient PS50 processing in schizophrenic patients
[12.13.29).

o7 nAChRs AND S-HYDROXYTRYPTAMINE-3 (5
HT,) RECEPTORS

Both o7 nAChRs and 5-hydroaytryptaroine-3 (3-HT,)
receptors are members of the superfamily of ligand-gated ion
channels [56,116-118] (Fig. 16). These two receptors share
the greatest similarity within the family, displaying approxi-
mately 30% sequence homology [119]. Tropisetron and on-
dansetron (Fig. 17} are potent 5-HT) receptor antagonists that
are widely used in the treaiment of patients with chemather-
apy-induced or posiaperative nausca and vomiting [120,121].
1t has been reported that tropisetron is a partial agonist of a?
nAChRs with a high offinity, whereas ondansetron is a weak
agonist of a7 nAChRs [122,123]. Macor e al, [122] synthe.
sized the replocement of the azabicyelo[3.2. 1 heptane amine
in tropisetron with the aznbicyclof2.2.2|hexamine amine. 1-
Azabicyclo[2.2.2)oct-3-y] 1H indole-3-carboxylate and 1-
azabicyclo[2.2.210ct-3-y] 1H indole-1-carboxylate (Fig. 18)
were found le be partial agonists of &7 sAChRs with a high
affinity, whereas they also bound 1o 5-HT; receplors with
high altinities [122]. We founsd that wopiselron improves the
deficicnt inhibitory processing of P20-N40D in DBA/2 mice,
and that improvement of tropisciron could be antagonized by

Hushimoto et al

coadministration of the selective o7 nAChR antagonist MLA
[124]}. These findings suggest thar tropisctron improves nb-
normal suditory gating of P20-N4(} in DBA/2 mice via o7
nAChRs, Recemily, Adler er of. {125] demonsiealed that on-
dansetron. a highly selective 5-HT, receptor antagonist, im-
proves deficits of P30 suppression in medicoted schizo-
phrenie patients [125]. [n addition, we hove found that tro-
pisctron improves deficite of P50 soppression in schizo-
pheenic patients [126]. Taken 1ogether, these resulis indicale
that both agenist activity at o7 nAChRs and antagonist ac-
tiviey a1 5-HT, receptors for tropisciron might be implicated
in the therapeutic action of normalization of P50 suppression
by tropisetron. Furthermore, it would be of great interes! to
study the effects of tropisctron on cognitive dysfunction in
schizophrenic patients, since P50 auditory gating deficiis
have been associated with attentional deficits in schizophre-
nia [77,827).

It has been reported that PSAB.OFP, (R)}{-)-5-
phenylspitof |-azabicyclo[2.2.2] octane-3,2-(3-H) furef2,3-
blpyridine (Fig. 13) . binds to human recombinant 7
nAChRs, However, PSAB-OFP alse displayed high affinity
binding 1¢ 5-HT, receptors. These resulls show that PSAB-
OFP is an equipotent, partial agoenist of both &7 nAChRs and
5-HT; receptors [128). It has been found that agonist activity
an one receplor tronslates 1o antagonise activity at the osher
recepior. For example. the endogenous ligands, ACh and 5-
HT, act os antagonists on their counterparts [129,130]. The §-

The evolutionary tree of nACh receptors subunits

a2 o3 ad ob
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800 400 million years 0

Fig. (16). The evolutionary tree of nACh receplors subunits and 5-HT, receptors.
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Fig. (17}, Chemicn! structires of 5-HT, receptor amagonists {tropisetron, ondansetron, LY-278.584)

HT, receplor anlagenist tropisctran, bul nol andanseiron or
LY 278,584, is a partial agonist of' the &7 nAChRs 122}, The
dramatic influence of small changes in ligand [131] or re-
ceptor structure [132} on the [lunctional activity at a7
nAChRs and 5-HT, receptors might provide an understand-
ing of the busis of the cross-reactivity and thereby allvw de-
velopment of sclective ligands,

@g"z.@ Cf;_nz .

1-ATeyehN2 2 oLyl
111 indole- 1 cartenyfate

1-Azbicyclo{2.2.2Jost 3l
1H indote- |-carburytate

Fiy. (IR} Chemical structores ol -nzabicyclki[2.2.2]oct-3-yl |H
indole-3-corboxylate and 1-azabicyclo[2.2.2]oct-3-yl 1H indole-1-

carboxylate.
Lﬁz
- O
£

2N
\
'SAD-OFF

Flg. {19). Chemical structure of PSAB-OFP.

POSITIVE MODULATORS OF a7 nAChRs

Positive allosteric modulaters potentiate the response o
nricetinic receptor agonists by acting at a site other than the
agonist binding site or channel orea. Galantaming (acetyl-
cholineswrase inhibitor) (Fig. 20). an approved drug for
trepiment of Alzheimer's discasc. is alse a potent allosteric
potcotiaor of picotinic receptors, including o7 nAChRs
[t33-136]). Galantamine has been reported to improve ncga-
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\ive symptoms in palicats with schizophrenia [137). Fur-
thernore, the combination of gatantamine with risperidone
has shown therapeutic benefits for two treatment-resistant
patients with schizophrenia whose successful treatment with
clozapine had been discontinued because of agranulocylosis
[138]. Thus, il is likely thot this dual action {cholinesterase
inhibilion and allosteric potentiation of nAChRs) may be
implicated in the mechanisms of action of galantamine.

Galantamine

S-Hydrexyindole
Flg. (20), Chemicw structures of galantamine and S-hydroxyindole,

Ivermectin (Fig. 21), a semisynthetic analogue of the
natural compound avermectin, has been considered the drug
of choice for the treament of river blindness (Onchocercia-
siz) [139]. Ivenmectin enhanced ACh-cvoked current of new-
ronal buman o7 nAChRs, und increased apparent afTinily and
cooperativity of the dosc-response curve. suggesting that
ivermectin acts as o positive altesteric effector of o7
nAChRs [140],

In has been reported thot S-hydrexyindole (Fig. 20) po-
tentiates 5-HTy receplors [141-144], 1t is, therefore, of inter-
est 1o examing the effects of 3S.hydroxyindole on oF
nAChRs, because o7 nAChRs belong to the superfamily of
ligand-gated ion channels, including 5-HT, recepiors. Gurley
¢t al. (The 30" SFN Annual Mesting, 2000) reported that o7
nAChRs could be potentisted by  S-hydroayindole. In
Xenopuis oocytes expressing &7 nAChRs. 5-hydroxyindole
potentiated sub-maximal ACh (60 timol/L)-induced ton cur-
rents in 8 voncentrition-dependent manner, although 5-
hydrexyindale itscif did not act as an ngonist of 7 nAChRs
[145]. Furthermore, i1 has beem  reporied  that  5-
hydroxyindole potentiated 7 nAChR-mediated increases in
intmeellular free Ca' fevels in cells expressing o7 nAChRs,
and that the ACh-induced release as well as the 5-
hydroxyindele-induced enhancement of release were blocked
by the 7 nAChR antagonists, MLA or o-bunparotoxin, sug-
gesting a robe of 7 nACHRs [143].
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Fig. (21). Chemical siructure of ivermectin,

Rescarchers at Pfizer reported the novel positive altos-
teric modulator of the a7 nAChRs, PNU-120596. 1-(5-
chlere-2 4-dimethoxy-phenyl)-3-(5-methyl-isoxazol-3-yll-
urea {Fig, 22) [146]. PNU-120596 increascd agonist-cvoked
Ca® NMux medinted by an engineered variant of the human «7
nAChRs. This compound increased the frequency of ACh-
evoked GABAergic posisynaplic currents measured in py-
ramidal neurons, and greatly enhanced the ACh-evoked in-
ward currents jn hippocampal interncurons. lnterestingly,
systemic administration of PNU-120596 (0.1 - 3 mg/kp, i.v.)
improved suditery gating deficits induced by adminisitation
of d-amphetamine {1 mg/kg). These findings suggest that
PNU-12059G represents a mew class of molceule that en-
hances &7 nAChR function and thus has the potential io treat
psychiatric and nesrological disorders [146].

HyC.,

0
ey
H,C. 0 N- 0
[}

PNLU-120596
Fip, (22), Chemical structure of PNU-120596,

Taking these results together, it s likely that the identifi-
cution of allosteric positive modutators for 007 RACHRs may
lead 10 the design of novel classes of ligands that would be
useful therapeutic drugs for neuropsychiatric diseases, in-
cluding schizophrenia, although the precise mechanisms by
which allosteric positive modulators  potentiate the o7
nAChR-mediated responscs ore currenly unknown.

FK960 AND FR236924

FK960  (N-{4-ncctyl-1-piperazinyl}-p-Muorobenzamide
moenohydrate) (Fig. 13, which activates somatomatinergic
neuratrangmisgion, has considerable potentiat for the ircat-
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ment of cognitive impairment, including that associased with
Alzheimer’s discase [147]. In hippocampal CAT1 ncurons,
FK960 significantly increased the amplinzde of the excitatory
posisynaptic potentials, and the modulatory action of FK960
was blocked by treatment with MLA or o-bungarotoxin
[148]. These findings suggest that FK960 increases the
quantal release of glutamate from Schaffer collatera!-
commissural nerve ferminals in the hippacampal CA| areas
either by changing the ambient levels of ACh or by pasi-
tively modulating the activity of &7 nAChRs on glutamater-
gic nerve terminals [148]. In considering the role of o7
nAChRs in the pathophysiology of schizophrenia, would be
of great interest to study the effects of FK960 in schize-
phrenic patients. since FK960 has been tried as a therapeutic
drug in Alzheimner’s disense.

)

H|CJLN 0
O,

FK 950 F

Flg. {13). Chemical structure of FK960.

Essential fatty acids, such as srachidonic actd (Fig. 24),
linoleic acid (Fig. 24), and linolenic acid (Fig. 24) have been
thought to play a role as raw materials for bicactive lipid
mediatars such as prostaglandins and’er leukotrienes. How-
ever, several rocemt findings suggest that these cix-
unsaturated free acids induce a long-lasting facilitation of
hippocampal synaptic transmission that resembles long-term
potentiation, as a resubl of enhancing the activity of nAChRs
via a protein kinase C (PKC) pathway [149-151]. Rescarch-
crs at Fujisawa Pharmaceutical Co., Ltd. reported a newly
synthesized linoleic acid derivative (FR236924; B-(2-( (2-
pentyleyclopropan-1-y1) methyl} cyclopropy!) octancic ncid,
Fig. 24) with a cyclepropane ring insiead of cis-double
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Amchidonic acid

Linoleic acid

Linetenic acid
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Flg. {24). Chemical structures of amchidonic neid, linoleic ncid, linnlenic ncid and FR236924,

bonds. FR236924 (10 pmol/L} indeced a gradually develop-
ing and persisient potenliation of o7 nACHR responses [152].
The cffect of FR236924 was inhibited by the selecrive PKC
inhibitor GF109203X or the a? nAChR antagonist a-
bungaraioxin [152). Furihermore, it has been reported that
FR236924 increased the mic of AMPA receptor-medisted
miniature excitatory postsynaptic currents, without affecting
the: amplitude, thggered by nicotine in ral hippocamgral CA
pyramidal neurons, end thot the cffect coutd be inhibited by
GFin%203X or a-bungarvtoxin {153]. FR236924 stimuluted
glutamate release from rat hippocampal slices and in the hip-
pocampus of freely moving mats, and the effect was also in-
hivited by GF109203X or a-bungarotoxin [153]. These
findings suggest that TR236924 stimulates glutamate release
by functionally targeting presynaplic o7 nAChRs on the
glutarmatergic tenminals under the influence of PKC, respan-
sible for the [acilitatery wction on hippocampal synaptic
transmission. It is thus possible that FR236924 would be s
useful drug for studying the regulatory mechanisms under-
lying cognitive functions linked to cis-unsaturated free fany
acids and o7 nAChRs.

KYNURENIC ACID AS AN
ANTAGONIST OF a7 nACHR

Kynurenic acid is synlhesized via kynurenine from the
esseatial amino acid L-iryptophan, and kynurenic atid is
produced and released by  wstrocytes i the  broio
[21.133,154,155] (Fig. 3). Intercstingly, it has been reported
that the levels of kynurenic acid are in¢reased in the CSF and
brain of schizophrenic patients [156,157). In addition to its
wel-characterized action as a comperitive antagonist of the
glycine site on the NMDA receptors, kynurenic acid also acts
as a noncompelitive antagonist of the o7 nAChRs [154,155)
(Fig. 3}. Administration of L-kynurenine, a precursor of
kynurenic acid together with probenecid, an inhibitor of ar-
panic acid transport, incrensed levels (500-fold) of kynurenic
acid in the hippocumpus of rats, al alse disrupted auditory
scnsory gating in rats. ln conteast, administration of L-
701,324, a centrally acting antagonist of the glycine site of
NMDA receptors, failed to disrupt auditory pating in rats,
suggesting that elevated levels of kynurenic acid produce the
disruption in auditory processing through o7 nAChR [158].

ENDOGENOUS
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D-Scrine is synthesized from L-serine via scrine race-
masc in astrocytes (Fig. 3). Gluwiamate binds 1o AMPA re-
ceptors on astrocyles that stimulnte the release of D-serine,
The released D-serine binds to glycine sites on NMDA re-
ceptors [20,20.159-161]). Several lindings suggest that D-
serine plays a role us an endogenous agonist on glycine sites
of the NMDA receptors [20,21,159-161]. We reparted that
serum levels of D-serine are significumly reduced in parients
with schizophrenin, supporting the NMDA receptor hypo-
function in schizophreniu [19,162], Furthermore, we found
that the mtie of D-serine 1o total serine in the CSF of first
episode and drug naive schizophrenic patients was signifi-
canly lower than that of age-matched normal controls [163).
These data supgest that the synihetic and/or metobolic path-
way of D-serine may be impaired in the brains of schizo-
phrenie patients [21,163). It would thus seem that bath
kynurenic acid and D-serine may sct as endogenous ligands
at glycine sites of the NMDA receptor and therchy plny o
role in NMDA recepror hypofunciion in schizopheenia [21]
[Fig. 3.

Taken togesher. these resulis indicare that blockade of a?
hAChHR in the hippocampus by clevated levels of kynurenic
acid is Jikely 10 lead 10 suditory gating deficits in schizo-
phrenic patients, and that disruptien of reciprocal asiracyte-
neuron signaling mechanisms involving loynurenic acid and
D-gerine may play n role in the pathophysivlogy of schizo-
phrenia [21] (Fig. 3).

CONCLUDING REMARKS

As deseribed above, 7 nAChRs play a role in the defi-
cits of P50 audilory scnsory gating in schizophrenia. Direct
{a? nAChR agonists) or indirect agonists (5-HT; receptor
antagonists,  positive  allosteric  modulators,  FK960,
FR236924, PNU-120596) of 07 nAChRs would be usefu as
polential therapeutic drugs for the weatment of schizophre-
nia, since deficits of P30 puditory sensory gating hnve been
associaied with the cognilive impoirments in schizophrenia.
Considering the role of kynurenic acid and D-serine ns en-
dogenous ligands ut glycine sites of the NMDA receptors, it
i5 possible that agents which could decrease the levels of
kynurenic acid or increase the levels of Desering in the brain
would be passible therapeutic drugs for schizophrenia.

473



182 Curr. Med, Chem, — Central Nervous Syxtem Agenrs, 208, Fol. 5, No. I

In addition, paticnts with Alzheimer's discase have also
been reported to show deficits of P50 auditory sensory gating
relative to conirols [164]. It has olso been suggested (hat the
disturbed sensory guting in patients with Alzheimer's disease
right result from cholinergic dysfunction ar o7 nAChR loss.
Funthermmore, it has been shown that @7 nAChRs might be
implicated in the disposition of Peamyloid as well as vogni-
tive impairments in Alzheimer's discase [165,166]. There-
fore, it is also likely thal agonists of 7 nAChRs would be
useful as potential therapeutic drugs for the treatment of Alz-

heimer’s disease.

ABBREVIATIONS

ACh
GABA
nAChR
CNS
C3F
NMDA
CHRNA?
DMXB-A

(GTS-21)
DMAR

DMAC
4-OH DMXB-A

AR-R17779

SIBI765F

W-56203

AMPA

MLA
TC-1698

TNU-282987

SSRI1E0TI 1A

PCP
PSAR.QFP

PNU-1205%6

Acetylcholine

y-Aminobityric acid

Micotinic acetylcholine receplor
Central nervous system
Cerebrospinal fluid
N-mcthyl-N-aspartatc

a? nAChR subunit geac

3-(2.4)-Dimethoxybenzilidine ana-
bascinc

3-(4)-Dimethylominobenzyliding zna-
baseine
3-(4)-Dimcthylaminocinnamylidinc
3-{4-Hydroxy-2Z-methoxybenzylidine)
anabascine

(-)-Spiraf | -azubicyclo[2.2.2)octane-
3,5"oxazolidin-2"-onc]
[#]-5-Edbynyl-3-{ | -methyl-2-
pyrrolidinylIpyridine fumarate
{R}-3-(3-Methylbenzo[blthiophen-5-
ylispiro[ 1-azabicycla[2.2 .2 Joctanc-
3.5"-oxazolidin}-2"-cne
a-Amino-3-hydroxy-5-mcthyl-4-
isoxazole propionic acid
Methyllycaconiting

2-{3-Pyridyl}- |-
azabicyclu[3.2.2jnonane
N-[(3R)-1-azabicyelo2.2.2]oct-3-y1}-
4-chlorobenzamide hydrochloride
4-Hromophenyl |.4-
diavabicyclo[3.2.2]nonanc-4-
carboxylate hydrochloride
Phencyclidine
{R)-(~}-5-Phenylspirofl -
wzabievelof2.2.2] octang-3,2'4(3%
HYuro|2,3-b]pyridine

1-{5-Chloza-2 4-dimethoxy-phenyl)-
3-(5-methyl-isoxazol-3-yl)-urea
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Harhlmora vt al,

FK 960 = N-{d-Acctyl-1-pipcrazinyl}-p-

fluorobenzamide monohydrate

PKC = Protein kinase €

FR 236924 = §-(2-({2-Pemyleyclopropan-1-

ylimethylicyclopropylloctanoic acid
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