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1. Yo, Emilio FERRERO, obrando como apoderado del solicitante en el asunto antes 

identificado, me refiero al Oficio No. 9231 notificado por fijación en lista del 11 de Julio de 

2008. 

2. Mediante el Oficio No. 9231 se puso en conocimiento del solicitante el informe del examen 

de fondo que contiene las observaciones hechas por su Despacho sobre la presente 

solicitud de patente. Mediante memorial radicado el 2 de Octubre, 2008 solicitØ plazo de 

treinta dIas para atender el Oficio No. 9231. Atiendo a las observaciones realizadas por ese 

Despacho de la manera siguiente 

3. Claridad de los capitulos descriptivo y reivindicatorio: 

3.1 Con respecto a la objeción realizada a la descnpcion de la presente solicitud, ml 

representada se encuentra en desacuerdo, pues dicho requisito se cumple, porque los 
ingredientes activos y sus ventajas estÆn descritos en la solicitud. Las composiciones 

reivindicadas comprenden un componente que es un inhibidor de recaptaciôn de serotonina y 
un compuesto que es un antagonista GABAB. Los ingredientes activos estÆn ejemplificados en 

la solicitud y los datos que se presentan en las figuras 2 a 6 demuestran el efecto sinergico 
inesperado de la combinación en la Iiberaciôn de serotonina en el cerebro (5-HT). Las 
composiciones reivindicadas poseen vanas ventajas con respecto al arte previo. Al respecto’se 
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puede observar en la pÆgina 6, lIneas 6 a 10 que la composición presenta mejor eficacia y 

comienzo de acción mÆs rÆpido que un SSRI solo. La solicitud tambiØn describe otra ventaja de 

las composiciones reivindicadas en la pÆgina 22, Ilneas 5 a 15, en donde la combinaciOn de un 

componente antagonista GABAB y un compuesto SRI pueden reducir en gran medida la 

cantidad de SRI necesarlo para tratamiento y de la misma forma reducir los efectos colaterales. 

Otra ventaja se describe en las paginas 22 y 23 Ilneas 16 a 25 y 2 a 10, respectivamente, en 

donde se dice que la combinaciOn puede ser usada para pacientes que son de una u otra forma 

resistentes a los efectos terapØuticos de un SRI Par lo anterior, es claro que el capItulo 

reivindicatorio si explica de forma concreta las ventajas de la presente solicitud frente al estado 

del arte. 

3.2 Para superar la objeciOn realizada por su Despacho can relaciôn a la falta de claridad del 

capItulo reivindicatorio y con fundamento en Ia establecido en el artIculo 34 de la Decision 486, 

se presenta un nuevo capItulo reivindicatorio coma sustituto del antenormente presentado 
compuesto por 6 reivindicaciones, en el cual se realizaron los siguientes cambios: 

3.2.1 Con respecto a las reivindicaciones 18 a 21 objetadas par no aportar ninguna 
caracteristica a la camposiciOn y par tener expresiones que no permitlan delimitar la materia a 
proteger, par favor note en el nuevo pliego reivindicatorio que las mismas han sido borradas. 

3.2.2 En relaciOn a las objeciones realizadas a las reivindicaciones 16 y 17 par ampliar el 
nümero de composiciones posibles, mi representada quiere mostrar su desacuerdo pues dichos 
compuestos reivindicados se encuentran bien sustentados en los ejemplos. Se puede ver que 
las reivindicaciones estÆn dirigidas a composiciones farmacØuticas que se pueden usar para 
mejarar una enfermedad por el incremento o alteración de los niveles de serotonina en el 
cerebro, el capitulo descriptivo muestra de forma clara una base razonable para lo que se 
pretende prateger en las reivindicaciones, centrÆndose en la acciOn especIfica de los 
compuestos que tienen inhibiciOn en la recaptaciOn de serotonina y funciOn en el receptor 
GABAB. 

) El objetivo central del uso de un SRI, como se describe en la reivindicación 16 (nueva 
reivindicación 5), es que se pueden usar con cualquier antagonista del receptor GABAB de la 
reivindicación 17 (nueva reivindicaciOn 6), lo cual se encuentra sustentado en los ejemplos de la 
co-administración de citalopram con faclofen (Figuras 2, 3, 6), citalopram con 2-hidroxisaclofen 
(Figura 4 (se adjunta nueva copia de la figura porque la traducción hace referencia al 
hidroxifaclofen y no al hidroxisaclofen)) y citalopram can CGP46381 (Figura 5). El citalopram es 
un SRI, especificamente un SRI selectivo. El faclofen, 2-hidroxisaclofen y el CGP46381 tienen 
caracteristicas diferentes. Sin embargo, se encontrO que los tres compuestos son eficientes al 
aumentar el efecto del citalopram. 
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A partir de lo anterior, existe un razonamiento vÆlido para el uso de los SSRIs de la 

reivindicaciôn 5 en combinación con los antagonistas GABAB de la reivindicación 6 para 

alcanzar el efecto descrito. Pues uno de los objetivos de la presente invención es aumentar el 

efecto de un SRI en los niveles 5-HT en el cerebro por medlo del uso de un GABAB. Se sabe 

que todos los SRIs tienen la funciOn de inhibir la recaptación de los niveles 5-HT en el cerebro, 
como es la deflnición misma de un SRI para hacerlo. TambiØn se sabe que los SRIs son 
eficaces en el tratamiento de desordenes descritos en la solicitud, basados en el mecanismo de 
bloqueo de la reabsorciôn de 5-HT y el mantenimiento de los niveles altos extracelulares de 5-
HT en el cerebro. 

Aunque el faclofen, el 2-hidroxisaclofen y el CGP-46381 tienen estructuras qulmicas diferentes, 
todos tienen la misma funciôn de ligar y antagonizar al receptor GABAB. 
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CI 
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Estos tres compuestos fueron usados en la presente invención con citalopram, el cual es un 
inhibidor de la reabsorción de serotonina selectivo el cual se une selectivamente al 
transportador de serotonina. De esta forma, se puede concluir que el aumento del efecto 
observado en los ejemplos se da gracias al efecto del faclofen, del 2-hidroxisaclofen y del CGP-
46381 ligados al receptor GABAB y al receptor antagonista GABAB. El efecto de aumento es 
entonces una función del faclofen 2-hidroxisaclofen y CGP-46381 como los antagonistas del 
receptor GABAB, y no debido a sus estructuras qulmicas. En el presente caso, es claro que el 
efecto de aumento es dado por la funciôn del antagonista GABAB combinado con un SRI, 
independiente de su estructura quimica. 

De lo anterior, es clara la razôn de reivindicar los SRI y los ligandos de GABAB de esta forma y 
por lo tanto se da por superada dicha objeción. 

3.2.3 De acuerdo a las objeciones realizadas a las reivindicaciones 25, 22 a 24 y I a 11, las 
mismas han sido suprimidas del nuevo pliego reivindicatorio. 
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4.AnÆlisis del reciuisito de nivel inventivo: 

Su Despacho enuncia que el documento DI (W09937303) afecta el nivel inventivo de la 

presente invenciOn debido a que con este documento es evidente para una persona 

medianamente versada en la matena Ilegar a la invención que se protege en la presente 

solicitud y que por lo tanto, no tendrIa nivel inventivo. 

4.1 Argumentos en favor del nivel inventivo: 

Con el fin de atender las observaciones realizadas por su Despacho, en primer lugar 

queremos poner de presente que el documento Dl describe compuestos de formula I que se 

muestran como moduladores GABAA que tienen cierta afinidad por la subunidad alpha-3 del 

receptor GABAA. Ver pagina 21, lIneas 4 a 12 de Dl. El receptor GABAA yet receptor GABAB 

tienen caracterIsticas estructurales diferentes, diferentes estados en el estado del arte y no 

comparten las mismas subunidades. De hecho, el receptor GABAA esta clasificado como un 

canal de lones, mientras que el receptor GABAB esta clasificado como un receptor acoplado 

a protelnas G (GPCR) (Ver pÆgina 248 del segundo pÆrrafo de Bowery et al., 2002, 
Pharmacological Reviews, Vol. 54, No. 2, anexo al presente memorial). Bowery et al., 
tambiØn explican que los antagonistas GABAA no bloquean los receptores GABAB (pagina 
247, resumen de Bowery et al.). Par lo tanto, no existe una razón por la cual una persona 
versada en el tema podrIa denvar la invenciôn reivindicada en  la presente solicitud al ver el 
documento Dl porque los compuestos de Dl no tienen la misma funciOn de los compuestos 
que se muestran en la presente invenciOn. 

En segundo lugar, se presenta en la presente solicitud ejemplos de los antagonistas GABAB, 
los cuales elevan significativamente los niveles de 5-HT cuando son co-administrados con 
citalopram. Los resultados de los experimentos de microdiÆlisis estÆn descntos en las 
paginas 40 a 43 y en las figuras de la solicitud. Elejemplo I muestra que no existe un 
incremento significativo de 5-HT se adiciona bicuculina (un antagonista del receptor GABAA) 
al citalopram. 

Por otro lado, los antagonistas GABAB (faclofen, 2-hidro)isaclofen y CGP-46381) cuando se 
administran con citalopram tienen un efecto significativamente mejorado sabre los niveles 5-
HT en el cerebro. AdemÆs, estos antagonistas GABAB no tienen efectos en los niveles de 5-
HT extracelulares cuando se administran solos. 

El efecto se considera sinergico, y no aditivo, porque 1) el antagonista GABAB solo no tiene 
efectos en los niveles basales 5-HI (incremento cero); 2) si se adiciona un efecto cero 
causado por el antagonista GABAB sOlo y el efecto causado por citalopram, se podrIa 
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esperar un efecto aditivo que seria el mismo at causado por el citalopram; y 3) de hecho, el 

efecto en los niveles 5-HT a la co-administraciôn es significativamente alta con respecto al 

del citalopram solo luego de vanos puntos despuØs de la inyección, es decir, el efecto se 

mejora para una cantidad significativa de tiempo tambiØn (ver figuras 2 a 6). 

En conclusion, el estado de arte previo no muestra ninguna evidencia de que los 

antagonistas del receptor GABAB, agonista parcial 0 agonista inverso proporcionan un 

incremento en los niveles 5-HT. 

La presente invenciôn consiste en una composiciôn que provoca una sinergia y un efecto 

ventajoso que no fue previamente descrito en el estado del arte previo, por lo tanto la 

presente invención no es obvia con relaciôn al documento Dl. 

Puesto que se han atendido a cabalidad las observaciones hechas por su Despacho sobre la 

presente solicitud de patente, respetuosamente solicito se continUe con su tramitaciOn. 

Sin embargo, en el evento que el Despacho considere que una modificación adicional sea 

necesara, respetuosamente le solicito hacer uso de la facultad que le otorga el artIculo 45 

inciso 2 de la Decision 486 de la Comisiôn de la Comunidad Andina a efecto de requerir 

nuevamente de nuestra parte cualquier complementaciOn o aclaraciôn. 

5. ANEXOS 

� Nuevo pliego reivindicatorlo conformado por 6 reivindicaciones. 

� Copia de la Figura 4. 

� Copia del documento Pharmacological Reviews. 

� Formularlo para modificaciones. 

� Recibo por concepto de modificaciones en solicitud pendiente. 

Bogota, 

Seæora Jefe, 

EMILIO FERRERO 

T.P.A. No. 31.929 

COLO-03003-841-024-4 

P LMALMA\ID-1 38501\WPCL3003 
’-’ No. M-2008-138501LMA 
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Industria 
y 

Comercio 
S U P E R I N T E N D E N C I A 

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES 

0 SOLICITUD DE: 

O Corrección de Error Material ’ Modificación a una solicitud 

Nombre: H. LUNDBECK A/S 
constituida 

y 

existente bajo las Ieyes de QSociedad 
2 Dinamarca. IDENTIFICACION 
SOUCITANTE Dirección: 9 Ottilavej, 

0 El 2500 Valby-Copenhagen, C.C. NIT 
Dinamarca 

C.E. 0 Otro 0 
Domicilio: Valby-Copenhagen, 

Dinamarca Numero.  

TelØfono: 546 09 70 Fax: 2494070 
E-mail: clientes(äcamvł.com 

IDENTIFICACION 
Nombre: Emiiio FERRERO 

Dirección: Carrera 4a No. 72-35 C.C. IJ NIT 0 
REPRESENTANTE TelØfono: 3473611 Fax: 2179211 C.E. 0 Otro 0 
0 APODERADO . E-mail: caveIier(cavelier.com 

NCimero:_438.019TP31 .929 

Nt’imero de expediente: 05.003.060 

E) Descripción de la corrección o modificación solicitada: 

Presento nuevo capitulo reivindicatorlo compuesto por 6 reivindicaciones con el fin de superar las 

objeciones hechas por Su Despacho a la presente solicitud de patente 
y 

pido respetuosamente que 

el examen de patentabilidad sea realizado sobre estas nuevas reivindicaciones. 

Comprobante de pago No. 08-88,380 Fecha: 10 de noviembre de 2008 

(17r. 
Anexos 

" II Comprobante de pago de la tasa por $103.000, por concepto de modificaciones. 

0 Poderes, Si fuere el caso 

0 Documento que acredita la existencia 
y 

representaciôn legal de las partes, cuando sean 
personas juridicas. 

8 NOMBRE: EMILIO FERRERO FIRMA: .c---
C.C. 438.019 de Usaquen T.P.A. 31.929 

LMA 
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REIVINDIACXONES 

1. Composición farmacutica que comprende un compuesto, que 

S es un inhibidor de recaptaci6n de serotonina, y ótro 

compuesto que es un antagonista del receptor GABAB, agonista 

inverso o agonista parcial, y opcionalmente portadores o 

diluyentes farmacØuticamente aceptables. 

10 2. Composición farmacØutica de acuerdo con la reivindicaciôn 

1, en donde el inhibidor de recaptaci6n de serotonina es un 

inhibidor selectivo de recaptaci6n de serotonina. 

3. Composiciôn farmacØuti.ca de acuerdo con la reivindicación 

15 1, en donde el antagonista del receptor GABAB, agonista 

inverso o agonista parcial es selectivo para el receptor 

GABAB. 

4. Composición farmacØutica de acuerdo con cualquiera de las 

20 reivindicaciones 1 y 3, en donde el ligando de GABAB es un 

antagonista del receptor GABAB. 

5. Composición farmacØutica de, acuerdo con una de las 

reivindicaciones 1 y 2, caracterizada porque el inhibidor de 

25 recaptaciôn de serotonina se selecciona de citalopram, 

escitalopram, fluoxetina, sertralina, paroxetina, 

fluvoxamina, venlafaxina, dapoxetina, duloxetina, vilazodona, 

nefazodona, imipramina, femoxetina y clomipramina. 

30 6. Composición farmacØutica de acuerdo con cualquiera de las 

reivindicaciones 1, 3 y 4, caracterizada porque el ligando de 

GABAB se selecciona de CGP-71982, CGP-76290, CGP-76291, CGP-

35348, CGP-36742, CGP-46381, CGP-52432, CGP-54626, CGP-55845, 

CGP-62349, SCH 50911, Faclofen, Saclofen o 2-hidroxisaclofen. 
35 

LMA\LMA\ID-138573\wpCL3003 
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Abstract�The y-aminobutyric acidB (GABAB) re-
ceptor was first demonstrated on presynaptic termi-
nals where it serves as an autoreceptor and also as a 
heteroreceptor to influence transmitter release by 
suppressing neuronal Ca" conductance. Subsequent 
studies showed the presence of the receptor on 
postsynaptic neurones where activation produces an 
increase in membrane K conductance and associated 
neuronal hyperpolarization. (�)-Baclofen is a highly 
selective agonist for GABAB receptors, whereas the 
established GABAA receptor antagonists, bicuculline 
and picrotoxin, do not block GABAB receptors. The 
receptor is GJGO protein-coupled with mixed effects 
on adenylate cyclase activity. The receptor comprises 

a heterodimer with similar subunits currently desig-
nated 1 and 2. These subunits are coupled via coiled-
coil domains at their C termini. The evidence for splice 
variants is critically reviewed. Thus far, no unique 
pharmacological or functional properties have been 
assigned to either subunit or the variants. The emer-
gence of high-affinity antagonists for GABAB recep-
tors has enabled a synaptic role to be established. 
However, the antagonists have generally failed to es-
tablish the existence of pharmacologically distinct re-
ceptor types within the GABAB receptor class. The 
advent of GABAB, knockout mice has also failed to 
provide support for multiple receptor types. 

Address correspondence to: Dr. Norman Bowery, University of Birmingham Medical School, Edgbaston, Birmingham, B15 27F UK. 
E-mail: n.g.bowery@bhain.ac.uk 
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I. Introduction 

The GABAB’ receptor was originally defined on the 
basis of pharmacological responses to GABA and related 
agonists, including baclofen (Bowery et al., 1981). In 
studies focusing on control of transmitter release, it was 
noted that a GABA receptor responsible for modulating 
evoked release in a variety of isolated tissue prepara-
tions differed pharmacologically from the receptor re-
sponsible for the Cl-dependent actions of GABA. Thus, 
the ability of GABA to inhibit neurotransmitter release 
from these preparations was not blocked by bicuculline, 
was not mimicked by isoguvacine, and was not depen-
dent on Cl-, all of which are characteristic of the clas-
sical GABA receptor. Most striking was the finding that 
baclofen (f3-parachlorophenyl GABA), a clinically em-
ployed spasmolytic (Bein, 1972; Keberle and Faigle, 
1972), mimicked, in a stereoselective manner, the effect 
of GABA in these systems. Furthermore, ligand-binding 
studies provided direct evidence of distinct attachment 
sites for baclofen on central neuronal membranes (Hill 
and Bowery, 1981). The term GABAB was coined to 
distinguish this site from the bicuculline-insensitive re-
ceptor, which was, in turn, designated GABAA (Hill and 
Bowery, 1981). 

A major distinction between GABAA and GABAB re-
ceptors is that the former are ligand-gated ion channels, 
whereas the latter are coupled to G proteins (Wojcik and 
Neff, 1984; Hill, 1985; Karbon and Enna, 1985). Hence, 
GABAB receptors can be defined as metabotropic, 
whereas GABAA receptors form part of the ionotropic 
receptor superfamily. Characterization of the GABAB 
receptor has led to new insights into the structural and 
functional properties of seven-transmembrane receptors 
in general. Contained in this report is an overview of 
selected studies on the properties of GABAB receptors. 
Readers desiring additional information on particular 
aspects of this topic are urged to consult other sources 
(e.g., Enna, 1997; Enna and Bowery, 1997; Marshall et 
al., 1999a; Bowery and Enna, 2000; Enna, 2000). Char-
acteristics of the GABAB receptor, which are described 
in detail in this review, are summarized in Table 1. 

II. y-Aminobutyric AcidB Receptor Structure 

Functional G protein-coupled receptors are expressed 
in cell membranes in different ways. In some cases they 
may be present as a single protein, whereas in others 
they may form homodimers (Bouvier, 2001). The struc-
tural characterization of the metabotropic GABAB re-
ceptor eceptor revealed a third possibility. In this case, the re-
ceptor eceptor exists as a heterodimer with the subunits 
designated GABAB1 and GABAB2 (Jones et al., 1998; 

’Abbreviations: GABAB, y-aminobutyric acidB; 3-APPA, 3-amin-
opropyl-phosphinic acid; 3-APMPA, methyl homolog of 3-APPA; 
GHB, y-hydroxybutyrate; NC-IUPHAR, International Union of 
Pharmacology Committee on Receptor Nomenclature and Drug Clas-
sification; CHO, Chinese hamster ovary. 

Kaupmann et al., 1998a; White et al., 1998; Kuner et al., 
1999; Martin et al., 1999; Ng et al., 1999). The het-
erodimeric nature of the GABAB receptor was not ini-
tially appreciated when the GABAB, subunit was first 
cloned (Kaupmann et al., 1997). Although shown to be a 
high molecular weight, seven-transmembrane spanning 
protein with homology to metabotropic glutamate recep-
tors, the recombinant GABAB1 protein exhibited binding 
affinities for agonists that were 1000-fold lower than 
those for wild-type GABAB receptors. Moreover, the cou-
pling to presumed GABAB effector systems in heterolo-
gous cells was surprisingly inefficient (Kaupmann et al., 
1997, 1998b). Subsequent studies revealed that the 
GABAB, protein is not transported to the plasma mem-
brane but remains associated with the endoplasmic re- - 
ticulum (Couve et al., 1998). This, and the inefficient 
coupling to effector systems, led to the hypothesis that a 
trafficking protein, such as a RAMP (receptor activity 
modifying protein) (McLatchie et al., 1998), might be 
required for the efficient functional expression of the 
GABAB site. Ultimately, the discovery of a second 
GABAB receptor subunit, GABAB2, provided the neces-
sary explanation (see Marshall et al., 1999a). The 
GABAB2 protein has 54% similarity and 35% homology 
to GABAB, and has many of the structural features of 
the GABAB1 subunit, including a high molecular weight 
(110 kDa), seven-transmembrane domains, and a long 
extracellular chain at the N terminus. The GABAB2 
protein not only serves to escort GABAB, to the cell 
surface, it appears to be the receptor component that 
links to the G protein, whereas the GABAB, subunit is 
necessary for agonist activation (Margeta-Mitrovic et 
al., 2000; Calver et al., 2001; Galvez et al., 2001; Pagano 
et al., 2001). It appears, therefore, that the agonist binds 
to a component of the GABAB1 subunit, producing a 
conformational change in the protein complex that al-
lows GABAB2 to engage and activate the G protein-
coupled signaling system. In support of this model, it has 
been shown that GABAB2 must remain linked to 
GABAB, after the dimer is inserted into the cell mem-
brane to maintain receptor function (Margeta-Mitrovic 
et al., 2000; Calver et al., 2001; Pagano et al., 2001). 
Recombinant GABAB2 is expressed at the cell surface in 
the absence of GABAB1, and early reports suggested that 
it could display some functionality under this condition 
(Kaupmann et al., 1998a; Kuner et al., 1999; Martin et 
al., 1999). Although it now appears unlikely that wild-
type GABAB2 subunits can function alone in this way 
(Prosser et al., 2001; Schuler et al., 2001), there is no 
doubt that the coupling of GABAB2 with GABAB, yields 
a fully functional GABAB receptor, with the GABAB1, 
rather than the GABAB2 component, displaying a high 
affinity for radiolabeled ligands (Kaupmann et al., 
1998a; White et al., 1998). Indeed, the GABAB, isoform, 
when expressed as part of the heterodimer, has in-
creased agonist affinity similar to that of the wild-type 
receptor (Kaupmann et al., 1998a; White et al., 1998). 



GABAB RECEPTORS 249 

TABLE 1 
GABA8 receptor characteristics 

Structural information 77M heterodimer formed by combination of two subunits 
Subunit 1, h 961aa, AJ012185 
Subunit 1, r 960aa, Y10369 
Subunit 2, h 941aa, AJ012188 
Subunit 2, r 941aa, AJ011318 

Functional assays Inhibition of forskolin-stimulated cAIVIP formation in rat cerebral cortex slices 
Inhibition of twitch responses in rat isolated anoccocygeus musclec 
Neuronal hyperpolarization in rat hippocampal slice’s 
Inhibition of depolarization-evoked neurotransmitter release from CNS synaptosomese 
Effect on [35S]GTPyS-binding in native receptor and recombinant receptor preparationst 

Agonists selective: (�)-baclofen, 3APPA, 3APMPA, CGP4453211 
non-selective: GABA’ 

Agonist potencies (�)baclofen (IC50 = 30 nM), 3APPA (5 nM), 3APMPA (16 nM), GABA (20 nM), CGP44532 (45 nMY 
Antagonists selective: CGP35348, CGP36742, CGP55845A, CGP62349, SCH50911, phaclofent 
Antagonist potencies CGP35348 (IC60 = 35 1.&M), CGP36742 (35 pM), CGP55845A (2 nM), CGP62349 (0.5 nM), SCH50911 

(11 AMP 
Radioligand assays Rat brain synaptic membranes’ 

CHO cell line expressing human GABAIa1) and GABA2) 

Radioligands E3H]GABA,1 [3H1(�)-baclofen," [3H1CGP54626,0 [3H1CGP62349p E1251ICGP64213,k LlI1CGP71872k 
Transduction Inhibition of adenylate cyclase4 

mechanisms Inhibition of membrane Ca2 conductance’ 
Increased K conductance via (liG0 proteins" 
Stimulation of MAP kjnase’ 

Receptor distribution Pre- and postsynaptic locations on neurones of mammalian CNS and terminals of peripheral autonomic 
nerve fibers and sensory fibers; rat thalamic nuclei, cerebellar molecular layer, cerebral cortex, 
interpeduncular nucleus, superior colliculus, dorsal horn of spinal cord’ 

Tissue functions Auto- and heteroreceptor-mediated inhibition of transmitter release 
Slow inhibitory postsynaptic potentials4 

Phenotypes 
�GABA1 knockout" Loss of pre- and postsynaptic receptor function in hippocampus 

Lack of GABA-binding sites throughout brain 
Loss of GABA5-stimulated GTPYS binding (whole brain) 
Survival �27 days,’ >140 days" 
Spontaneous epileptiform seizures 
Hyperalgesic 
Hyperlocomotive 
Impaired learning in passive avoidance paradigm 
No evidence for receptor subtyping obtained 

Modified with permission from the IUPRAR Compendium of Receptor Characterization and Classification (2000) IUPHAIt Media, London. 
CNS, central nervous system; F35SJGTP7S, guanosine 5.0(3_t35Sl thio)triphosphate; MAP, mitogen-activated protein; ITM, seven.transmembrano. 

Xu and Wojcik, 1986. 
Hill, 1985. 
Muhyaddin et al., 1982. 
Newberry and Nicoll, 1984. 
Gemignani at al., 1994. 

TWatson et al., 1996. 
g Froestl et at., 1995a. 
h Bowery, 1993. 
Froesti and Mickel, 1997. 

’Froestl et a)., 1995b. 
Kaupmann et al., 1997. 

L ’Bowery at al., 1983. 
" Hirst et al., 2000. 
"Bowery at al., 1985. 

Bittiger at al., 1992. 
"Bittiger at a)., 1996a. 
"Schulz and Hoilt, 1998. 
’Bowery et a)., 1987. 
’Chu etal., 1990. 

Prosser et al., 2001. 
"Schuler et al., 2001. 

Several proteins other than GABAB2 have been shown 
to interact with GABAB1 (Nebring et al,, 2000; White et al., 
2000; Couve et al., 2001), but none of these complexes 
yields a functional receptor. It is possible that the interac-
tion of GABA51 or GABABP with transcription factors, such 
as activating transcription factor-4, may serve to regulate 

gene expression through a novel signal transduction path-
way (Nebring et al., 2000; White et al., 2000). 

The interaction of GABAB1 and GABA52 within the 
cells appears crucial for the correct assembly of the 
heterodimer on the membrane surface. This has been 
demonstrated for both recombinant and wild-type 
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GABAB receptors (Marshall et al., 1999b; Filippov et al., 
2000; Chronwall et al., 2001). The interaction of the 
C-terminal coiled-coil domains, by masking the action of 
the retention motif RXRR present in the C terminus of 
GABAB1, ensures that only correctly assembled receptor 
complexes traffic to the cell surface (Margeta-Mitrovic et 
al., 2000; Pagano et al., 2001). Expression of the coupled 
heterodimer in cell membranes can occur even when the 
GABA51 and/or GABAB2 C-terminal domains are miss-
ing (Calver et al., 2001; Pagano et 

al., 2001), suggesting 
that the coiled-coil structures are not essential for het-
erodimerization per Se. Although it has been proposed 
that mGlu4R can associate with GABAB1 and traffic it to 
the cell surface (Sullivan et al., 2000), this finding could 
not be replicated in a subsequent study using a different 
experimental approach (Pagano et al., 2001). The critical 
importance of the GABAB, subunit is supported by the 
finding that tissue from mice lacking the gene for this 
protein fails to respond to GABAB agonists and shows a 
loss of detectable pre- and postsynaptic responses 
(Prosser et al., 2001; Schuler et al., 2001). Importantly, 
the GABAB2 subunit is heavily down-regulated in 
GABAB, null-mutant mice. This requirement of 
GABAB1 for stable GABAB2 expression supports the no-
tion that in wild-type mice virtually all GABAB2 protein 
is associated with GABAB1, in agreement with previous 
biochemical studies (Benke et al., 1999). The null-mu-
tant mice generated on the 129Sv background only sur-
vive for 3 to 4 weeks postnatally, apparently due to 
recurrent seizures (Prosser et al., 2001), whereas those 
generated on the BALB/c background survive through 
adulthood even though they exhibit spontaneous sei-
zures, hyperalgesia, hyperlocomotor activity, and mem-
ory impairment (Schuler et al., 2001). The viability of 
BALB/c mice lacking the GABAB, subunit has allowed 
their characterization in GABAB receptor paradigms. 
GABAB agonist administration to BALB/c null-mutant 
mice failed to produce the typical muscle relaxation, 
hypothermia, or delta electroencephalogram waves ob-
served in wild-type animals. These behavioral findings 
were paralleled by a loss of all biochemical and electro-
physiological GABAB responses in the null-mutant mice. 
This demonstrates that GABAB, is an essential compo-
nent of pre- and postsynaptic GABAB receptors and in-
dicates that most, probably all, brain GABAB receptors 
incorporate the GABAB1 subunit. Moreover, from the 
analysis of the GABA1 null-mutant mice it follows that 
GABAB2 ’S unlikely to function as an autonomous recep-
tor. Although these results are in line with previous 
work that failed to find any evidence for pharmacologi-
cally distinct GABAB receptor subtypes (Waldmeier et 
al., 1994), there remains the possibility that unidentified 
splice variants or GABAB,-associated proteins generate 
diversity. 

Numerous splice variants of the GABAB, subunit 
have been identified (Kaupmann et al., 1997; Isomoto et 
al., 1998; Pfaff et al., 1999; Calver et al., 2000; Schwarz 

- 

et al., 2000; Wei et al., 2001a,b) with sometimes different 
names in rat and human. A comprehensive description 
of these variants is made possible by the complete se-
quence of the human and mouse GABAB1 genes, which 
are contained within GenBank accession numbers 
AL031983 and AL078630, respectively, and the nearly 
complete rat gene (Pfaff et al., 1999). The la splice 
variant in all three species contains all 23 conserved 
exons of the gene, with the first exon being untranslated 
and the transmembrane domains being encoded by ex-
ons 15 to 21. It should be noted that this number of 
exons differs from much of the literature because Pfaff et 
al. (1999), apparently through assembly errors in their 
rat gene sequence (GenBank accession numbers 
AF110796 and AF110797), failed to recognize introns 
that split exons 7 and 11 each into two exons. The 
existence of these exons can be confirmed using se-
quence from the rat genome sequencing project (httpi/ 
www.ncbi.nlm.nih.gov/genome/seqlRnBlast.html). In 
addition, Pfaff et al. (1999) did not use any 5’ untrans-
lated cDNA sequence and, thus, did not identify the first 
exon. The lb splice variant initiates 5’ of exon 6, thereby 
producing an extended exon 6, which contains a new 
initiation codon, giving rise to an alternative amino-
terminal sequence for the lb protein. The amino-termi-
nal sequence unique to the lb variant is 47 versus 162 
amino acids for the sequence unique to the la variant. 
Isoform-specific antibodies have shown both variants to 
be expressed in rat brain with la predominating before 
birth and lb predominating in adults (Fritschy et al., 
1999). A third variant, called le in both rat and human, 
skips exon 15, which leads to premature termination 
prior to the first transmembrane domain. Although this 
isoform can heterodinierize with GABAB2 subunits, it 
appears to be unable to activate G protein-coupled, in-
wardly rectifying potassium channels or to inhibit cAMP 
production when coexpressed with GABAB1 subunits 
(Schwarz et al., 2000). Several variants have been ob-
served in only one species. In humans, a variant called 
ic is similar to the la variant but skips exon 4, resulting 
in the deletion of 63 amino acids. It is expressed at much 
higher levels in fetal brain than in adult brain (Calver et 
al., 2000; Martin et al., 2001). A rat variant, also called 
lc, corresponds to an insertion of a 93-base exon located 
between exons 19 and 20, which results in the insertion 
of 31 amino acids into the beginning of transmembrane 
domain 5. Although the homologous region can be iden-
tified in the mouse gene, it is too poorly conserved to be 
functional due to the insertion of two bases, which dis-
rupts the reading frame. No homologous exon is evident 
in the human gene. Thus, although the rat variant has 
been reported to be functional in vitro (Pfaff et al., 1999), 
it is unclear if it is functional in vivo. Rat variant id has 
a 567-base insertion corresponding to the failure to 
splice out intron 22. Rat variant if skips exon 5, result-
ing in the deletion of seven amino acids. Rat variant lg 
has a 124-base insertion that extends the 5’ end of exon 
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5 by using an alternative splice acceptor. This insertion 
shifts the reading frame and results in a severely trun-
cated protein. Aside from variants la and ib, it is pres-
ently unknown whether any of these variants act as a 
subunit of physiological receptors. The la and lb vari-
ants are not, strictly speaking, splice variants but in-
stead appear to be transcription start site variants that 
originate in high guanosine-cytosine content (-80%) re-
gions of the gene separated by about 5 kilobases. Al-
though such high GC content makes it difficult to make 
full-length cDNA, to map the transcription start sites, 
and could easily cause artifacts, variant-specific anti-
bodies have provided critical evidence that both proteins 
are physiologically expressed at significant levels. Thus, 
it is appropriate to use the IUPHAR nomenclature re-
served for significant splice variants, i.e., GABAB1(a) and 
GABAB1(b), for these two variants. 

Partial cDNAs corresponding to two potential splice 
variants of the human GABAB2 subunit, called 2b and 
2c, which delete 81 and 78 bases of the carboxyl-termi-
nal encoding portion of the cDNA have been reported 
(Clark et al., 2000). Subsequent analysis of the human 
GABAB2 gene (Martin et al., 2001) has demonstrated 
that neither of the deleted regions correspond to an 
independent exon but instead reside within the last exon 
of the gene. There are no appropriate splice donor or 
acceptor consensus sequences that might act as alterna-
tive splice sites. The lack of such sites and the presence 
of short (4-5 bases) repeated sequences at the ends of 
the deletion regions suggest that they are polymerase 
chain reaction artifacts. Thus, there is currently no good 
evidence for splice variants of the GABAB2 subunit. 

Although there is a 1:1 stoichiometry between 
GABA51 and GABAB2 subunits in the functional recep-
tor, production of the subunits appears to be regulated, 
at least in part, independent of one another (McCarson 
and Enna, 1999). Thus, whereas expression of GABAB, 
and GABAB2 mRNA increases in rat dorsal spinal cord 
following 24 h of hind paw inflammation, the increase in 
GABAB2 mRNA is significantly greater than for 
GABAB1. This supports the notion that GABAB receptor 
subunits may serve a variety of functions in the cell and 
could indicate that other, as yet unidentified, proteins 
may form functional heterodimers with GABAB, sub-
units to form a functional receptor. 

III. -y-Aminobutyric AcidB Receptor Effector 
Mechanisms 

Effector mechanisms associated with neural GABAB 
receptors are the adenylate cyclase system and Ca2+ 
and K ion channels (Hill et al., 1984; Karbon et al., 
1984; Hill, 1985; Inoue et al., 1985; Andrade et al., 1986; 
Xu and Wojcik, 1986; Dolphin et al., 1990; Bindokas and 
Ishida, 1991; Gage, 1992). GABAB receptor activation is 
mediated by G proteins that are members of the pertus-
sis toxin-sensitive family GJGOa, in particular G0 

(Odagaki et al., 2000; Odagaki and Koyama, 2001). How-
ever, some pertussis toxin-insensitive effects of baclofen 
have been noted in, for example, the magnocellular neu-
rons of the paraventricular and supraoptic nuclei of the 
rat (Noguchi and Yamashita, 1999; Cm et al., 2000). In 
particular, it has been reported that presynaptic, com-
pared with postsynaptic, GABAB receptor mechanisms 
are insensitive to pertussis toxin (Harrison et al., 1990). 
It has also been found that whereas exposure of spinal 
cord membranes to baclofen results in an increase in 
guanosine 5’-3-0-(thio)triphosphate binding in young 
rats, no such response can be obtained in membranes 
from animals older than 21 days. This would suggest 
that there may be a developmental change in the cou-
pling of GABAB receptors and G proteins in the cord 
(Moran et al., 2001). 

A. Adenylate Cyclase 

GABA5 agonists inhibit basal and forskolin-stiinu-
lated neuronal adenylate cyclase in brain slices (Xu and 
Wojcik, 1986; Knight and Bowery, 1996) through a G 
protein-dependent mechanism that results in a reduced 
level of intracellular cAMP. Activation of the GABA5 
receptor can also enhance cAMP formation in response 
to G,,-coupled receptor agonists, such as isoprenaline, in 
brain slices but not in isolated neuronal membranes, 
suggesting it entails activation of cytoplasmic cyclases 
(Enna, 2000). The physiological relevance of these ef-
fects on cAMP production has been confirmed by in vivo 
microdialysis experiments in the cerebral cortex of freely 
moving rats (Hashimoto and Kuriyama, 1997). Both ba-
clofen and GABA reduced the increase in cAMP gener-
ated by an infusion of forskolin, and this was blocked by 
CGP54626, a selective GABAB receptor antagonist, sub-
stantiating the role of GABAB receptors in this response. 
Baclofen was also able to potentiate the increase in 
cAMP produced by isoprenaline in this in vivo prepara-
tion. 

A direct GABAB-mediated increase in basal adenylate 
cyclase activity has been detected in membranes of rat 
olfactory bulb (Olianas and Onali, 1999). Interestingly, 
this effect is blocked by pertussis toxin, suggesting an 
involvement of GIG0 rather than G protein. 

B. Ion Channels 

When activated, GABAB receptors decrease Ca2 and 
increase K conductance in neuronal membranes. The 
effect on Ca2 conductance appears to, be primarily as-
sociated with presynaptic P/Q- and N-type currents 
(Santos et al., 1995; Lambert and Wilson, 1996; Chen 
and van den Pol, 1998; Takahashi et al., 1998; Bussieres 
and El Manira, 1999; Barral et al., 2000), although fa-
cilitation of an L-type current in non-mammalian retina 
has also been described (Shen and Slaughter, 1999). 

Modulation of K conductance appears to be linked 
primarily with postsynaptic GABAB sites and with per-
haps multiple types of K channels (Wagner and Dekin, 
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1993, 1997; LUscher et al., 1997; Harayama et al., 1998). 
Whereas a K(A) current is thought to be coupled to 
GABAB receptors on presynaptic terminals in hippocam-
pal cultures, changes in membrane K flux appear to be 
due to postsynaptic GABAB receptor activation (Saint et 
al., 1990). 

Although suppression of Ca2 influx is probably the 
most frequently observed response associated with pre-
synaptic GABAB receptors (Doze et al., 1995; Wu and 
Saggau, 1995; Isaacson, 1997, 1998; Isaacson and Hue, 
1997), a process independent of Ca 2+ or K channels but 
perhaps linked with protein kinase C activation, has 
been reported in rodent CAl hippocampal pyramidal 
cells (Jarolimek and Misgeld, 1997). This had been dem-
onstrated previously but was then only apparent in rat 
hippocampal slices obtained in early postnatal life 
(Tremblay et at, 1995). 

Low threshold Ca’ T-currents, which are-inactivated 
at normal resting membrane potentials, may also be 
involved in the response to GABAB receptor activation, 
at least within the thalamus (Scott et al., 1990). This 
postsynaptic hyperpolarization of long duratiOn, which 
initiates Ca 2+ spiking activity in thalamocortical cells, 
could contribute to the generation of spike and wave 
discharges associated with absence seizures (Crune]Ji 
and Leresche, 1991). 

IV. ’y-Aminobutyric AcidB Receptor Subtypes 

Although GABAB receptors appear structurally heter-
ogenous in the sense that several splice variants exist 
for the two subunits known, evidence for functionally 
distinct receptor subtypes is limited. Transmitter re-
lease studies with native and rat brain GABAB receptors 
suggest pharmacological differences between autorecep-
tors and heteroreceptors and even within heterorecep-
tors (Bonanno and Raiteri, 1993a; Banerjee and Snead, 
1995; Teoh et al., 1996; Bonanno et al., 1997; Ong et al., 
1998b; Phelan, 1999). Similarly, the dual action of 
GABAB agonists on adenylate cyclase in brain slices 
would support the concept of receptor subtypes (Cun-
ningham and Enna, 1996). The existence of pharmaco-

Drug 

logically distinct subtypes of a native receptor has tra-
ditionally been considered likely when the affinities of 
one antagonist for the hypothetical subtypes differed by 
at least one order of magnitude. In the case of GABAB 

receptors sited on terminals releasing GABA, gluta-
mate, cholecystokinin, or somatostatin, not only do the 
antagonist affinities differ in some cases by more than 
two orders of magnitude but the orders of potency of 
some antagonists differ between receptors. Qualitatively 
similar results were obtained when GABAB receptor 
antagonists were tested on nerve endings isolated from 
human cerebrocortex (Fassio et at, 1994; Bonanno et al., 
1996, 1997, 1999; Raiteri et al., 1996). The results with 
rat and human nerve endings are summarized in Table 
2. Pharmacological differences also seem to exist be-
tween GABAB autoreceptors inhibiting GABA release in 
rat cerebral cortex and spinal cord (Raiteri et al., 1989; 
Bonanno and Raiteri, 1992, 1993b; Bonanno et at, 
1998). Thus, the evidence for pharmacologically distinct 
subtypes of the GABAB receptor derived from release 
studies appears to at least equate with some other re-
ceptor systems, which can boast the chrism of molecular 
biology. Also it would be quite surprising if the GABAB 

receptor was the only example of a metabotropic recep-
tor without subtypes. Comparative data obtained with 
wild-type GABAB receptors and recombinant GAB-
AB1QJ/B2 receptors expressed in CHO cells indicate that 
the recombinant receptor, unlike the wild-type, is insen-
sitive to the antagonists, phaclofen, saclofen, and 
CGP35348 (Wood et al., 2000). However, a comparison of 
GABAB receptors containing different isoforms of 
GABAB, in combination with GABAB2 in CHO cells in-
dicate that these heterodimers are pharmacologically 
indistinguishable (Kaupmann et at, 1998a; Green et al., 
2000). 

In a recent report, Ng et al. (2001) presented data 
suggesting gabapentin, an anticonvulsantlanalgesic 
agent, is a selective agonist at the GABAB1(a/GABAB2 

site, compared with the GABAB1)2 receptors, ex-
pressed in oocytes. A similar conclusion was drawn from 
studies on wild-type GABAB receptors in mIL-tsA58 

TABLE 2 
GABA5receptor subtypes IC50ualues of antagonists (pM). The drugs were tested against (�)-baclofen. 

GABA 

Neurotransmitter Released 

GLU SRIF ccK 
Rat cortex 

Phaclofen 79.2 >300 62.6 66.1 
CGP35348 >300 4.2 3.6 3.5 
CGP52432 0.08 9.3 3.4 0.11 
CGP47656 3.1 (Ago) Ago >300 
CGP36742 >100 >100 0.14 >100 

Human cortex 
Phaelofen 100 >300 N.D. N.D. 
CGP35348 >100 10 24.4 13.9 
CGP52432 <91 >1; <30 0.06 0.08 
CGP47656 <10 N.D. Ago Ago 
CGP36742 >100 >100 5 >100 

GLU, glutamate; SELF, somatotropin release-inhibiting factor Ago, against; (Ago) partial agonist; CCK, cholecystokinin; N.D., not determined. 
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cells (Bertrand et al., 2001). Questions remain, however, 
whether this selectivity is generally detectable when 
testing wild-type receptors in nontransformed mamma-
lian central nervous system tissue. In fact, the possible 
relationship between gabapentin and GABAb receptors 
has been examined independently by Lanneau et al. 
(2001). These authors believe that gabapentin is not a 
GABAB receptor agonist. In another study the antthy-
peralgesic effects of the GABAB agonists, baclofen and 
CGP35024, but not those produced by gabapentin, were 
blocked by CGP56433A, a GABAB receptor antagonist 
(Patel et al., 2001). Thus, the extent to which the actions 
of gabapentin are mediated in vivo by effects on GABAB 
receptors, remains to be conclusively demonstrated. 
Nevertheless, the possibility that under certain condi-
tions gabapentin can activate a particular form of the 
GABAB receptor is an interesting observation. 

Electrophysiological studies in mammalian brain sug-
gest subtle distinctions between pre- and postsynaptic 
receptors (Colmers and Williams, 1988; Dutar and 
Nicoll, 1988b; Harrison et al., 1990; Thompson and Gah-
wiler, 1992; Deisz et al., 1997; Chan et al., 1998; Yamada 
et al., 1999). For example, the GABAB receptor agonist 
CGP44533 failed to induce an increase in postsynaptic 
membrane conductance whereas (�)-baclofen and 
CGP35024 did (Yamada et al., 1999) and, on comparing 
the effects of six GABAB receptor antagonists, it was 
found that 5- to 10-fold higher concentrations were re-
quired to block presynaptic as opposed to postsynaptic 
receptors in the rat hippocampus (Pozza et al., 1999). 
However, in general, the receptor ligands currently 
available do not reliably distinguish between potential 
subtypes. Unfortunately, studies in GABAB1 null-mice 
have also failed to provide any positive evidence for 
subtyping of the GABAB receptors (Prosser et al., 2001; 
Schuler et al., 2001). 

V. y-Aminobutyric AcidB Receptor Distribution 

A. Central Nervous System 

Within the mammalian brain, the highest density of 
GABAB binding sites is in the thalamic nuclei, the mo-
lecular layer of the cerebellum, the cerebral cortex, the 
interpeduncular nucleus, and the dorsal horn of the 
spinal cord (Bowery et at, 1987; Chu et al., 1990). In situ 
hybridization studies of mRNA for the GABAB,(.) and 
GABAB1(b) splice variants reveal they are distributed 
differentially in brain (Liang et al., 2000). Studies with 
rat and human cerebellum and spinal cord indicate that 
GABAB1(a) is associated with presynaptic receptors, 
whereas GABAB1b is located predominantly at postsyn-
aptic sites, at least in cerebellum (Kaupmann et al., 
1998b; Billinton et al., 1999; Bischoff et al., 1999; Prin-
civalle et al., 2000; Towers et al., 2000). Elsewhere in the 
brain, however, the GABAB1(b) protein is in presynaptic 
terminals and the GABAB1(a) at postsynaptic sites 
(Benke et al., 1999; Princivalle et al., 2001). In the dorsal 

horn of the rat spinal cord, the density of GABAB1(a) is 
low, whereas in the dorsal root ganglia, which contain 
cell bodies of the primary afferent fibers, >90% of the 
GABAB]. subunit mRNA is GABAB1(a), with GABAB1(b) 
comprising less than 10% of the total GABAB, mRNA 
(Towers et al., 2000). Immunocytochemical studies pro-
vide support for this in revealing that the level of 
GABAB1(a) protein appears to be higher than of 
GABAB,) in the dorsal horn of the rat spinal cord (A. P. 
Princivalle and N. G. Bowery, unpublished observation): 
Similarly, in rat and human cerebellum, GABAB1(a) 
mRNA is detected over the granule cells, which send 
their excitatory fibers into the molecular layer to inner-
vate the Purkinje cell dendrites (Kaupmann et al., 
1998b; Billinton et al., 1999; Bischoff et al., 1999). Pre-
sumably, the GABAB receptors on the granule cell ter-
minals modulate the output of the excitatory transmit-
ter. In contrast, GABAB1(b) mRNA is associated with the 
Purkinje cell bodies, which express GABAB receptors on 
their dendrites in the molecular layer postsynaptic to 
the GABA-ergic stellate cells. However, the contrary 
arrangement has also been observed elsewhere in the 
brain. For example, GABAB1(a) subunits appear to be 
postsynaptic on cell bodies in the thalamocortical cir-
cuits (Princivalle et at, 2001). Thus, it would seem that 
a functional role, or cellular location, cannot be gener-
ally assigned to specific GABAB receptor subunit splice 
variants (Poorkhalkali et al., 2000; Princivalle et al., 
2001). 

The regional distribution of individual GABAB, and 
GABAB2 protein subunits is similar to that of the wild-
type receptor, but in some brain areas such as the cau-
date-putamen, GABAB2 is not detectable, even though 
GABAB, and the native receptor are present (Durkin et 
al., 1999; Margeta-Mitrovic et al., 1999; Clark et al., 
2000). In addition, there appears to be very little 
GABAB2 mRNA, relative to GABAB, mRNA, in the hy-
pothalamus (Jones et al., 1998; Clark et al., 2000). These 
findings, along with those suggesting that GABAB, and 
GABAB2 subunit expression is not regulated in tandem 
(McCarson and Enna, 1999), support the existence of 
additional, as yet unidentified, GABAB receptor sub-
units. 

B. Peripheral Organs and Tissues 

Functional GABAB receptors are not restricted to the 
central nervous system. Thus, GABA has been known 
for some time to play an important role in modulating 
autonomic inputs to the intestine, and GABAB receptors 
are capable of mediating responses in other organs (Ong 
and Kerr, 1990). Moreover, GABAB receptor agonists 
inhibit relaxation of the lower esophageal sphincter in 
dogs, ferrets, and humans, and attenuate esophageal 
reflux by an inhibitory action on the vagus nerve (Black-
shaw et al., 1999, 2000; Lehmann et al., 1999, 2000; 
Lidums et al., 2000; Smid and Blackshaw, 2000). 
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Studies monitoring functional GABAB responses sug-

gest their presence in peripheral organs (see Bowery, 
1993). More recently, Northern blot analysis and recep-
tor protein iinmunoblotting has provided direct evidence 
for GABAB1 isofos and GABAB receptors throughout 
the periphery of the rat (Castelli et al., 1999; Calver et 
al., 2000). However, the GABAB2 subunit was not al-
ways present with GABAB1 such as in uterus and spleen 
(Calver et al., 2000). 

Western blotting revealed the presence of GABAB, 
and GABAB2 proteins in rat heart myocytes, supporting 
the observation that baclofen influences inwardly recti-
Lring K currents in these cells (Lorente et al., 2000). 
Moreover, photoaffinity-labeling studies suggest that 
GABAB1(a) and GABAB1(b) are differentially distributed 
in the periphery as well as in the central nervous system 
(Belley et al., 1999). Thus, GABAB1(a) is present in the 
adrenals, pituitary, spleen, and prostate, whereas 
GABAB1(b), but not GABA131(a), is found in the rat kidney 
and liver. 

Vt. y-Aminobutyric AcidB Receptor-Mediated 
Responses 

A. y-A,ninobutyric Acids Receptor Agonists 

The observation that 0-[4-chorophenyl] GABA (ba-
clofen; Fig. 1), is a stereospecfficai.ly active agonist at the 
GABAB receptor (Bowery et al., 1980, 1981) provided 
part of the original evidence for the existence of a dis-
tinct receptor. Since then 3-aminopropyl-phosphinic 
acid (3-APPA, CGP27492; Bittiger et al., 1988) and its 
methyl homolog (3-APMPA, CGP35024 identical with 
SK&F 97541; Froestl et al., 1992, 1993; Howson et al., 
1993) have emerged and are reported to be 3- to 7-fold 
more potent than the active isomer of baclofen 11050 
values, i.e., inhibition of binding of [311]CGP27492 to 
GABAB receptors on rat cerebral cortex membranes: 
baclofen: 107 nM, (R)-(�)-baclofen: 32 nM, 3-APPA 
(CGP27492): 5 nM, 3-APMPA (CGP35024): 16 nM]. The 
latter compounds are also available as tritiated radioli-
gands (Bittiger et al., 1988; Hall et al., 1995). Other 

AN H? 
CN NO 

(R)4-)-Bacloten R H CGP27492 (R,S): C6P34938 

3-APPA (S).f): CGP44532 

R CH, C0P35024 (R)-(.): CGP44533 

SK&F07641 

3-APMPA 

R CHF, C0P47668 

FIG 1. Structures of high-affinity GABAB receptor agonists. 

methyl phosphinic acid-based agonists have been pro-
duced (Froestl et al., 1995a), such as CGP44532 (IC50 = 
45 nM) and its (R)-(+)-enantiomer CGP44533 (IC50 = 
152 nM; racemate CGP34938: IC50 = 77 nM; Fig. 1), 
which differ only by a factor of 3 in binding to GABAB 
receptors and show comparative activities in biochemi-
cal paradigms (Ong et al., 2001) but show significant 
differences in electrophysiological experiments (Yamada 
et al., 1999). 

Interestingly, ethyl (and higher homolog) phosphinic 
acids derivatives (e.g., CGP36216, IC50 = 2 AM; Fig. 2) 
show effects of GABAB receptor antagonists (Froestl et 
al., 1995b). The difluoromethyl phosphinic acid deriva-
tive CGP47656 (IC50 = 89 nM; Fig. 1) with a substitu-
ent, the size of which is between a methyl and an ethyl 
group, showed properties of a partial GABAB receptor 
agonist (Froestl et al., 1995a). GABAB receptor agonists 
display a number of pharmacological effects, including 
central muscle relaxation, antitussive action, bronchio-
lar relaxation, inhibition of urinary bladder contraction, 
an increase in gastrointestinal motility, epileptogenesis, 
suppression of cocaine, nicotine, and opioid self-admin-
istration, antinociception, yawning, hypotension, brown 
fat thermogenesis, cognitive impairment, inhibition of 
gastric acid secretion, and inhibition of hormone release. 

1. Antispasticity. The centrally mediated muscle re-
laxant effect of baclofen is the most widely exploited 
clinical response to this agent. This action appears due 
to a baclofen-induced reduction in neurotransmitter re-
lease elease onto motoneurons in the ventral horn of the spinal 
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7oH L.’I-OH N" ON 0 H 

Phaclofen X H Sacloten SCH609II 

X ON 2-OH-Sactofen  

ft ON 
HZNAP 
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R = C2H, CGP362I0 CGP5I 176 
R CHLOEth CGP35348 

R n-CH. CGP36742 
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Fio 2. Structures of low-affinity GABA5 receptor antagonists. 
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cord. There is also a suggestion that the antispastic 
effect is due to post- rather than presynaptic action on 
motoneurons (Orsnes et al., 2000a). Regardless of the 
site of action, the efficacy of baclofen in alleviating spas-
ticity has made it a drug of choice for this condition, 
although side effects, principally sedation, limit its util-
ity. Baclofen is effective in treating spasticity associated 
with tardive dystonia, brain and spinal cord injury, ce-
rebral palsy, tetanus, multiple sclerosis, and stiff-man 
syndrome (Ochs et al., 1989, 1999; Penn et al., 1989; 
Penn and Mangieri, 1993; Becker et al., 1995, 1997, 
2000; Campbell etal., 1995; Seitz et al., 1995; Albright et 
al., 1996; Azouvi et al., 1996; Dressnandt and Conrad, 
1996; Ford et al., 1996; Paret et al., 1996; Armstrong et 
al., 1997; Dressler et al., 1997; Dressnandt et al., 1997; 
Francois et al., 1997, 2001; Meythaler et al., 1997; 
Gerszten et al., 1998; Auer et al., 1999; Orsnes et al., 
2000b; Trampitsch et al., 2000; Krach, 2001). 

2. Antinociceptive. Even though baclofen is used to 
treat migraine headache, musculoskeletal pain, and the 
pain associated with trigeminal neuralgia, stroke, and 
spinal cord injury, its general effectiveness as an anal-
gesic is limited (Fromm, 1994; Taira et al., 1995; Hans-
son and Kinnman, 1996; Loubser and Akman, 1996; 
Hering-Hanit, 1999; Idanpaan-Heikkila and Guilbaud, 
1999; Becker et al., 2000). Although the reason for this is 
unknown, it may be due to a rapid desensitization of 
GABAB receptors. 

Laboratory animal studies have established the an-
tinociceptive action of GABAB receptor agonists and sug-
gest it is mediated by effects in both spinal cord and 
brain (Cutting and Jordan, 1975; Levy and Proudfit, 
1979; Liebman and Pastor, 1980; Kendall et al., 1982; 
Sawynok and Dickson, 1985; Vaught et al., 1985; Ser-
rano et al., 1992; Hammond and Washington, 1993; 
Smith et al., 1994; Ding and Yaksh, 1995; Thomas et al., 
1995; McCarson and Enna, 1996; Thomas et al., 1996; 
Wiesenfeld-Hallin et al., 1997; Cm et al., 1998; Przesmy-
cki et al., 1998). Further evidence supporting the anal-
gesic potential of GABAB agonists is provided by the 
finding that tiagabine, a GABA uptake inhibitor, dis-
plays antinociceptive activity in rodents that is blocked 
by CGP35348, a GABAB receptor antagonist (Ipponi et 
al., 1999). Inasmuch as intrathecal administration of a 
GABA-producing neuronal cell line permanently re-
verses everses neuropathic pain, it has been suggested that al-
tered spinal GABA levels may contribute to the induc-
tion phase of chronic pain (Eaton et al., 1999). 

In the dorsal horn of the rat spinal cord, GABAB 
receptors are located on small diameter afferent fiber 
terminals, with activation of these sites decreasing the 
evoked release of sensory transmitters, such as sub-
stance P and glutamate (Price et al., 1987; Malcangio 
and Bowery, 1996; Ataka et al., 2000; lyadomi et al., 
2000; Riley et al., 2001). It has also been suggested that 
modulation of voltage-dependent, nifedipine-sensitive 
calcium channels in dorsal horn neurons may contribute 

to the antinociceptive effects of GABAB agonists (Voisin 
and Nagy, 2001). 

Baclofen and CGP35024 reversed neuropathic me-
chanical hyperalgesia following single s.c. or intrathecal 
administration but did not affect inflammatory mechan-
ical hyperalgesia (Patel et al., 2001). GABAB receptor 
agonists, such as baclofen and CGP44532, inhibit the 
formalin-induced increase of the expression of neuroki-
mn-i receptor mRNA (Enna et al., 1998). 

The hot-plate, tail-flick as well as the paw pressure 
techniques were used to characterize acute pain behav-
iors in GABAB1 null-mutant mice (Schuler et al., 2001). 
The tail-flick is a reflex response to a noxious thermal 
stimulus applied to the tail and is generally taken to 
represent a spinal reflex response, whereas the hot-plate 
response to a noxious thermal stimulus to the plantar 
surface of the paws is thought to involve supraspinal 
sites. In these nociceptive tests, GABAB, null-mutant 
mice showed pronounced hyperalgesia to noxious heat in 
the hot-plate and tail-flick tests and reduced paw with-
drawal thresholds to mechanical pressure. From these 
data it is likely that GABAB-mediated effects do indeed 
exert a tonic control of nociceptive processes in the naive 
animal. The sites for this action are expected to be both 
spinal and supraspinal, although further experiments 
are needed to confirm this. 

3. Suppression of Drug Craving. Preliminary data 
suggest that baclofen reduces the craving for cocaine in 
humans (Ling et al., 1998). In rats, baclofen suppresses 
cocaine self-administration at doses that do not affect 
responding for food reinforcement (Roberts and An-
drews, 1997; Shoaib et al., 1998; Campbell et al., 1999; 
Munzar et al., 2000). Moreover, the selective GABAB 
receptor agonist CGP44532 mimics this action of ba-
clofen without disrupting the response for food (Brebner 
et al., 1999, 2000a,b). Similar results are obtained 
whether laboratory animals are administered the 
GABAB agonist either systemically or directly into select 
brain regions (Corrigall et al., 2000). 

The importance of these observations in the possible 
treatment of drug abuse is reinforced by the finding that 
baclofen reduces craving for a host of addictive sub-
stances, including heroin, alcohol, and nicotine (Xi and 
Stein, 1999; Cornigall et al., 2000; Lobina et al., 2000). 
Thus, elevation of endogenous GABA levels in the me-
solimbic area by administration of vigabatnin, an inhib-
itor of GABA metabolism, or the GABA uptake inhibitor 
NO-711, attenuates heroin and cocaine self-administra-
tion in rats and prevents cocaine-induced increases in 
dopamine in this brain region (Ashby et al., 1999; Xi and 
Stein, 2000). It has also been reported that gabapentin, 
a putative GABAB receptor agonist (Bertrand et al., 
2001; Ng et al., 2001), reduces the craving for cocaine in 
dependent adults (Myrick et al., 2001). 

There is preclinical and preliminary clinical evidence 
that baclofen is effective in reducing alcohol craving and 
intake (Addolorato et al., 2000; Colombo et al., 2000). 
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Baclofen blocks the rapid tolerance to ethanol, an effect 
that can be blocked by GABAB antagonists such as 
CGP36742 and CGP56433A (Zaleski et al., 2001). 

4. Miscellaneous Actions. GABAB receptors in the 
hypothalamus and nucleus tractus solitarius modulate 
sympathetic nerve activity, resulting in an elevation in 
blood pressure (Takenaka et al., 1995). GABAB receptor 
activation in the hypothalamus also leads to an increase 
in metabolic rate and brown fat thermogenesis (Addae et 
al., 1986). In addition to the above, other centrally me-
diated effects of GABAB agonists include alterations in 
epileptogenesis, cognition (Tang and Hasselmo, 1996), 
yawning (Doger et al., 1989), and micturition (Kontani 
et al., 1988). 

Baclofen has been shown to have anti-bronchocon-
strictor activity through activation of presynaptic recep-
tors on parasympathetic nerve terminals (Chapman et 
al., 1991). In addition, through an action on sensory 
nerves in the lung, baclofen is reported to inhibit non-
adrenergic, noncholinergic bronchoconstriction (Belvisi 
et al., 1989). 

Baclofen has also displayed antitussive activity in hu-
mans and laboratory animals (Bolser et at, 1993, 1994; 
Dicpinigaitis and Dobkin, 1997). This effect is mediated 
through both a direct action on peripheral nerves in the 
lung as well as receptors in the brain stem controlling 
the cough reflex. Through a similar mechanism, possibly 
involving GABA-ergic inputs from the nucleus raphe 
magnus (Oshima et al., 1998), baclofen is effective in the 
management of intractable hiccoughs (Guelaud et al., 
1995; Nickerson et al., 1997; Kumar and Dromerick, 
1998; Marino, 1998). Baclofen has also been reported to 
inhibit the growth of mammary cancer cells in mice and 
humans, and there appears to be a correlation between 
glandular GABA levels and mammary pathology (Opol-
ski et al., 2000). 

B. ’y-Aminobutyric AcidB Receptor Antagonists 

The design and development of selective, high-affinity 
GABAB receptor antagonists have been important in 
establishing the significance and isolation of the GABAB 
receptor genes. Kerr, Ong and their colleagues (1987, 
1988; Fig. 2) described phaclofen, saclofen, and 2-hy-
droxysaclofen, the first selective antagonists. Although 
these agents have low affinities (IC50 values, i.e., inhi-
bition of binding of [3H]CGP27492 to GABAB receptors 
on rat cerebral cortex membranes: 130, 26, and 11 UM, 
respectively) for GABAB binding sites in rat brain mem-
branes, as the first antagonists they were important 
tools for defining the pharmacological and physiological 
relevance of GABAB receptors (Dutar and Nicoll, 1988a; 
Karisson et al., 1988). 

Subsequent discoveries of antagonists were derived 
largely by a group at Novartis in Basel, Switzerland 
(Froestl and Mickel, 1997). They developed the first 
GABAB receptor antagonist able to cross the blood-brain 
barrier, CGP35348, and the first orally active agents, 

CGP36742 (Olpe et al., 1990, 1993a) and CGP51176 
(Froestl et al., 1995b). However, these compounds, and 
others in this chemical series, have affinities for the 
GABA0 receptor in the same range as 2-hydroxysaclofen 
(IC50 values: 27, 38, and 6 AM, respectively). The same is 
true for SCH 50911 (IC50 = 3 Ii.M; Fig. 2), a chemically 
distinct agent that is effective following systemic admin-
istration but which has a relatively low affinity for the 
receptor (Bolser et al., 1995; Frydenvang et al., 1997). 
The most crucial breakthrough in the discovery of an-
tagonists came with the development of compounds with 
affinities about 10,000 times higher than previous an-
tagonists. This major advance stemmed from the attach-
ment of 3,4-dichlorobenzyl or 3-carboxybenzyl substitu-
ents to the existing molecules. This produced a profusion 
of compounds with affinities in the low nanomolar range 
(Froestl et al., 1996; Froestl and Mickel, 1997). Numer-
ous investigations have been carried out with CGP52432 
(IC50 = 55 nM), CGP54626A (IC50 = 4 nM), CGP55845A 
(IC50 = 6 nM), CGP56433A (IC50 = 80 nM), CGP56999A 
(IC50 = 2 nM), CGP61334 (IC50 = 36 nM), and 
CGP62349 (IC50 = 2 nM; Fig. 3). Several compounds are 
also available as radioligands, such as [3H]CGP54626 
(Bittiger et al., 1992; Green et al., 2000), [3H]CGP56999, 
and [3H]CGP62349 (Bittiger et al., 1996a; Ambardekar 
et al., 1999; Keir et al., 1999; Sloviter et al., 1999; Bill-
inton et at, 2000). From the latter compound a ratholi-
gand containing the positron-emitting isotope 11C was 
prepared as a potential positron emission tomography 
ligand (Todde et at, 2000). 

Introducing the phosphinic acid moiety into the Scher-
ing compound SCH 50911 led to a new class of very 
potent GABAB receptor antagonists, such as 
CGP76290A (Ong et al., 1998a; IC50 = 2 nM, enantiomer 
CGP76291: IC50 = 69 nM, racemate CGP71982, IC50 = 
8 nM; Fig. 3). 

Finally, two iodinated high-affinity antagonists, 
i.e., 

[1251]CGP64213 (IC50 = 1.6 nM, i.e., inhibition of bind-
ing of [1251]CGP64213 to GABAB receptors on rat cere-
bral cortex membranes) and [1I]CGP71872 (IC50 = 2.4 
nM), a photoafflnity ligand, both with high specific ra-
dioactivities of >2000 Ci/mmol were developed, which 
were used for the elucidation of the structure of GABAB, 
(Kaupmann et al., 1997; Belley et al., 1999; Calon et al., 
2000; Froestl et al., 2001; Fig. 4). The ligand 
[1251]CGP84963 (IC50 = 6 nM, i.e., inhibition of binding 
of [1I}CGP64213 to GABAB receptors on rat cerebral 
cortex membranes; Fig. 4) combines in one molecule a 
GABAB receptor-binding part, an azidosalicylic acid as a 
photoafflnity moiety separated. by a spacer of three 
GABA molecules from 2-iminobiotin, which binds to avi-
din in a reversible, pH dependent fashion. This com-
pound was prepared to facilitate isolation and purifica-
tion of the extracellular N-terminal GABAB, receptor 
fragment for crystallization and X-ray studies of the 
GABAB, binding site (Froestl et al., 1999). 
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Although GABAB receptor antagonists have yet to be 
studied in humans, results of animal studies suggest 
that they may have clinical utility. Thus, GABAB recep-
tor antagonists suppress absence seizures in a variety of 
animal models (Marescaux et al., 1992). When adminis-
tered either systemically or directly into the thalamus, 
GABAB receptor antagonists prevent spike and wave 
discharges in the electroencephalograms of genetic ab-
sence rats. Similar results are obtained with the lethar-
gic mouse and in rats injected with y-hydroxybutyrate 
(GlIB), which produces absence-like seizure activity 
(Hosford et al., 1992; Snead, 1992). In all cases, GABAB 

receptor antagonists dose dependently reduce seizure 
activity. In the genetic absence rats, the spontaneous 

seizures are blocked by bilateral administration of per-
tussis toxin, supporting the involvement of GJGO cou-
pling in generating and maintaining the seizures (Bow-
ery et al., 1999). These results suggest that GABAB 

receptor activation may contribute to the absence syn-
drome, possibly through Ca 2+ spike generation in the 
thalamus (Crunelli and Leresche, 1991; Charpier et al., 
1999). 

At high doses, GABAB receptor antagonists induce 
convulsions in rats (Vergnes et al., 1997). Although the 
mechanism(s) underlying this action is unknown, the 
response is blocked by GABAB receptor agonists. Impor-
tantly, not all GABAB receptor antagonists cause sei-
zures. For example, SCH 50911 fails to cause convul-
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sions at doses 10- to 100-fold higher than those that 
completely block seizures in the genetic absence rat 
(Richards and Bowery, 1996). 

The GHB-induced absence-like seizures in rats ap-
pear due, at least in part, to a weak partial agonist 
action at GABAB receptors (Bernasconi et al., 1999; Un-
genhoehi et al., 1999). However, GHB also acts through 
sites distinct from GABAB receptors (Snead, 2000). 

Several GABAB receptor antagonists have been found 
to improve cognitive performance in a variety of animal 
paradigms, such as the low-affinity compounds, 
CGP35348 (Bianchi and Panerai, 1993; Castellano et al., 
1993; Saha et al., 1993; Stäubli et al., 1999) and 
CGP36742 (Carletti et al., 1993; Mondadori et al., 1993, 
1994, 1996a,b; Nakagawa and Takashima, 1997; Yu et 
al., 1997; Bonanno et al., 1999; Genkova-Papazova et al., 
2000; Farr et al., 2000; Pittaluga et al., 2001), or the 
high-affinity compounds CGP55845A, CGP56433A, 
CGP61334, CGP62349, and CGP71872 (Getova et al., 
1997; Getova and Bowery, 1998). Olpe et al. (1993b) 
observed a very pronounced facilitation of long-term po-
tentiation in vivo with doses of 100 mg/kg i.v. CGP35348 
on eliciting long-term potentiation by nonpritned tetanic 
stimulation in the CAl region of the hippocampus of 
rats. Brucato et al. (1996) reported a suppression of 
long-term potentiation with CGP46381 using 0-like 
stimulus trains to the dentate gyrus. However, the latter 
GABAB receptor antagonist did not show effects on 
working memory in the radial maze in rats (Brucato et 
al., 1996) nor did it improve learning and memory in 
mice in a step-down passive avoidance paradigm (C. 
Mondadori and W. Froesti, unpublished observations). 

Perhaps not surprisingly, therefore, GABAB agonists 
impair learning behavior in animal models (Soubrie et 
al., 1976; Swartzwelder et al., 1987; Nabeshima et al., 
1988a,b; Sidel et al., 1988; Castellano et al., 1989; 
Sharma and Kulkarni, 1990 and 1993; Castellano and 
McGaugh, 1991; Saha et al., 1993; DeSousa et al., 1994; 
Stackman and Walsh, 1994; Nakagawa et al., 1995; Mc-
Namara and Skelton, 1996; Tang and Hassehno, 1996; 
Arolfo et al., 1998). This induced amnesia appears to be 
mediated via G protein-linked receptors because the im-
pairment produced by baclofen in mice can be blocked by 
pertussis toxin administered intracerebroventricularly 
(Galeotti et al., 1998). Baclofen has occasionally pro-
duced memory deficits in patients (Sandyk and Gillman, 
1985). 
GABAB receptor antagonists improve cognitive perfor-

mance in a variety of animal models (Carletti et al., 
1993; Mondadori et al., 1993; Brucato et al., 1996; Ge-
tova et al., 1997; Nakagawa and Takashima, 1997; Yu et 
al., 1997; Getova and Bowery, 1998; Stäubli  et al., 1999; 
Genkova-Papazova et al., 2000; Farr et al., 2000). Con-
versely, GABAB receptor agonists impair learning, an 
action that is blocked by pertussis toxin, supporting the 
involvement of GJGO in the action of these agents (Na-
kagawa et al., 1995; McNamara and Skelton, 1996; Tang 

and Hasselmo, 1996; Arolfo et al., 1998; Galeotti et al., 
1998). In studies with mice lacking the GABAB1 receptor 
subunit, a clear impairment of passive avoidance perfor-
mance was observed, which was related to gene dosage 
(Schuler et al., 2001). These passive avoidance deficits 
are a reflection of impaired memory processes further 
linking GABAB receptors to memory performance. Re-
ports suggest that both GABAB receptor antagonists and 
agonists are neuroprotective. Although baclofen is neu-
roprotective in a gerbil cerebral ischemia model, very 
high doses are required (Lal et al., 1995). Moreover, 
baclofen attenuates the neurotoxic effect of quinolinic 
acid on CAl cells in rat hippocampus (Beskid et al., 
1999). In contrast, studies with mouse cultured striatal 
neurons reveal that GABA5 receptor activation en-
hances the neurotoxic effects of N-methyl-D-aspartate, 
reinforcing the concept that GABAB antagonists are 
more likely to be neuroprotective than agonists (Lafon-
Cazal et al., 1999). In support of this, low doses of 
GABAB receptor antagonists increase levels of nerve 
growth factor and brain-derived neurotrophic factor in 
rat brain hippocampus, neocortex, and spinal cord, 
which could attenuate neurodegenerative processes 
(Heese et al., 2000). 

The potential significance GABAB receptor mecha-
nisms in depression was first suggested by Lloyd and 
colleagues (Pilc and Lloyd, 1984; Lloyd et al., 1985, 
1989), but this was challenged by other groups. More 
recently, however, further suggestions that GABAB an-
tagonists, e.g. CGP36742, are effective in animal models 
of depression have emerged (Nakagawa et al., 1999). 
Clear antidepressant effects were seen alter 4 weeks of 
oral treatment with CGP5 1176 in the chronic mild 
stress model (Bittiger et al., 1996b). This might be sup-
ported in due course by the observations of Heese et al. 
(2000) who showed that GABAB antagonists produce a 
rapid increase in nerve growth factor and brain-derived 
neurotrophic factor levels. Interestingly, antidepres-
sants have been shown to produce the same increase in 
those growth factors but only alter 2 to 3 weeks (Nibuya 
et al., 1995; Duman et al., 1997). Could there be a link 
between these phenomena? 

VII. Conclusions 

The G protein-coupled GABAB receptor was first de-
scribed over 20 years ago but only recently has the site 
been cloned and with this has come the identification of 
its unique heterodimeric structure. Even though much 
is known about the formation and characteristics of this 
receptor, many important questions remain. Thus, it is 
crucial to determine whether GABAB receptor subtypes 
exist that can be exploited pharmacologically, to deter-
mine whether other proteins can link with GABAB, to 
form a functional receptor, to establish whether GABAB 
receptor subunits serve other functions in the cell, and 
to assess the clinical value of GABAB receptor agonists 
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and antagonists. Given the pace of discovery in this 
field, answers to these questions will be forthcoming. 
These results will not only have significant implications 
with regard to understanding the GABAB receptor sys-
tem in particular but may allow novel drugs acting at 
this receptor to be developed. 

It is evident that the presence of two distinct proteins 
(or a protein and an essential accessory protein), coupled 
to G proteins, forming a receptor for GABA, poses cer-
tain problems for nomenclature. The subcommittee con-
siders that there is little evidence for distinct functional 
types of the receptor, but this is a rare, and usually 
short-lived, situation in pharmacology. The present 
proposition is to continue to call the receptor the GABAB 
receptor, and when distinct splice variants are studied, 
i.e. GABAJI1(a)/2(a), using the NC-IUPHAR designation 
for splice variants. This nomenclature is provisional and 
may be changed when there is evidence of distinct func-
tional GABAB receptor types or if NC-IUPHAR issues 
general guidelines for ligand-gated ion channels, which 
modify the GABAJJ terminology. 
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