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Re: Expediente No. 12.186.907
Solicitud de patente a nombte de GW PHARMA LIMITED Y
OTSUKA PHARMACEUTICAL CO. LIMITED

Yo, SILVANA MARIA LOPEZ DIAZ identificada como aparece al pie de mi
firma, domiciliada en la Cartera 11 No. 86-53, piso 6, obrando como apoderada
sustituta de acuerdo con la sustituciéon adjunta de las sociedades GW PHARMA
LIMITED y OTSUKA PHARMACEUTICAL CO. LIMITED, domiciliados en
Reino Unido y Japdn, respectivamente, solicitantes de la patente de la referencia,
en respuesta al oficio No. 19492 notificado por fijacidén en lista el 22 de octubte
de 2013, relacionado con concepto técnico de fondo, me permito manifestar:

1. Con fundamento en la facultad que confiete el articulo 34 de la Decisién
486 al solicitante para modificar la solicitud de patente en cualquier
momento del tramite, presento junto con este memorial nuevo capitulo
reivindicatorio, el cual consta de 16 reivindicaciones y reemplaza
completamente el capitulo presentado anteriormente. En el nuevo
capitulo reivindicatorio se realizaron las siguientes modificaciones:

11 Como primera medida, se modificé todo el capitulo teivindicatorio con el
fin de indicar Ja invencidn reclamada como una formulacion y un extracto
de planta de canabis, sin hacer referencia a los usos que corresponden a un
objeto no patentable.

1.2 Adicionalmente, se eliminaron del presente capitulo teivindicatotio todos
los términos que puedan ser considerados por el examinador como
ambiguos ¢ impreciéos, con el fin de permitit a identificacion de las
diferencias técnicas de la presente invencidn con el estado de la técnica.

En cuanto a estas modificaciones, me permito decir gue Jas mismas no amplian
de ninguna manera la materia objeto de la presente solicitud y se realizaron con el
‘animo dc superar las objeciones de claridad, novedad y nivel inventivo planteadas
por el examinador en su concepto técnico.
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Iin cuanto al numeto de reivindicaciones, atentamente nos permitimos decir que
no sc adjunta tasa por teivindicaciones adicionales, toda vez que el nuevo
capitulo reivindicatotio tiene menos clausulas que el originalmente presentado y
cn esencia es el mismo objeto pero ajustado a las normas de patentabilidad en
Colombia.

2. Claridad de la solicitud

Fin cuanto al r.itu}o de la solicitud, es deseo del solicitante indicar el nuevo titulo
“T"'ORMULACION FARMACEUTICA Y EXTRACTO DE PLANTA DE
CANABIS QUE COMPRENDEN CANABIDIVARINA”.

Respecto a las objeciones de claridad, el solicitante manifiesta que mediante la
presentacidn del nuevo capitulo reivindicatorio quedan subsanadas la totalidad de
las objeciones, de modo tal que las nuevas reivindicaciones proporcionan claridad
y concision a la invencidn desctita, siguiendo las recomendaciones realizadas por
cl examinador en su concepto técnico.

Como ptimera medida, es deseo del solicitante indicar que el nuevo capitulo
reivindicatorio no contiene reivindicaciones de uso, lo- cual corresponde a una
matcria objeto no patentable en Colombia. Por el contratio, el nuevo capitulo
reivindicatorio define una formulaciéon que comprende una cantidad de
canabidivirina (CBDV) y un extracto de planta de canabis que comprende un
componente que contiene fitocabanoide y un componente que no contiene
fitocabanoide.

Adicionalmente, siguiendo las recomendaciones del examinador, la expresion “un
mecanismo de accion que actda a través de” incluida en las antiguas reivindicaciones 11
y 12 fueton eliminadas en el nuevo capitulo reivindicatotio. Ademas, el término
“por lo menos” fue chmmado de las reivindicaciones.

Por otra parte, tanto la formulacion como el extracto de planta de canabis
rcclamados en la presente solicitud fueron definidos de una forma clara y
especifica, incluyendo los componentes y las proporc1ones de estos en la
formulacion y en el extracto, respectivamente.

Fin cuanto los ejemplos incluidos en el capitulo descriptivo de la presente
solicitud, es deseo del solicitante indicar al examinador que dichos ejemplos
contienen informacién que demuestran la efectividad de los canabinoides a
 diferentes dosis, lo que claramente es una evidencia de la efectividad sinérgica
que logra la formulacién de la presente invencién en el alivio de los las
convulsiones causadas por la epilepsia.

Iin consccuencia, nos permitimos informar que Jas nuevas reivindicaciones 1 a 16
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sc ajustan a las disposiciones del articulo 30 de la Decision 486.

3. Novedad o

JZ] examinador establece en su concepto técnico que la materia contenida en las
antiguas rcivindicaciones 1 a 12 de la presente solicitud carece de novedad a ]a luz
del documento W0O2004016246 (D1).

Iin cste sentido, se encuentra que el articulo 16 de la Decisién 486/00 determina
quc “una invencidn es nueva cuands no estg comprendida en el estado de la técnica. El estado de la
técnica comprenderd todo lo que haya sido accesible al piblico, por una descripcion escrita u oral, por
una uttlizacion o cualquier otro medio antes de la fecha de presentacion de la solicitud de patente o, en
su caso, de la priovidad reconocida”.

‘Teniendo en cuenta lo anterior, es deseo del solicitante manifestar que difiere de
la opinion del examinador, toda vez que el documento D1 _no describe una
formulacion que comprene una cantidad de CBDV donde el CBDV puede estar
cn cuatro distintas formas: 1) presente en forma pura o aislada, 11) solo, 1ii) ausente
de tetrahidrocanabidivarina (THCV), o iv) junto con THCV sin ser una
formulacién que comprende una relacion CBDVTHCV de 95:5.
Adicionalmente, el documento D1 no describe un extracto de planta de canabis
guc comprende un componente que contiene fitocanabinoide que tiene 50-100%
(p/p) del extracto de planta de canabis, con un fitocanabinoide principal CBDV
cn una cantidad de 40-100% (p/p) del extracto de planta de canabis, con un
fitocanabinoide secundatio canabidiol (CBD) en una cantidad de 10-100% (p/p)
del extracto de planta de canabis, y con una cantidad pequefia de canabinoides de
0-5% (p/p) del extracto de planta de canabis, y un componente que no contiene
fitocabanoide que contiene monoterpenos y sesquiterpenos.

Jas caracteristicas anteriores son definidas en forma especifica en la presente
solicitud con rclacion a la descripcion genérica incluida en D1, de tal forma que
las reivindicaciones de la presente invencidn representan una sclecc1on novedosa
dentro las formulaciones farmacéuticas y extractos de canabis incluidas en D1.
Por otra parte, dicha seleccién de la presente invencién estd intencionalmente
dirigida a la obtencién de una formulacién utilizada para ahv1ar las convulsiones
causadas por la epilepsia.

Al realizar un anélisis detallado del documento D1, se encuentra que la ensefianza
mas relevante contenida en dicho documento es la contenida en la tabla 2. En
esta, es sugerido que una relacion THC:CBD menor que 5:95 es la forma mas
adecuada para el tratamiento de epilepsia. Adicionalmente, en dicho documento
sc indica que la relacion THC:CBD puede ser sustituida por la relacion
THCV:CBDV. Esto se indica con base en una suposicién de la época, que
consiste cn que las similitudes estructurales entre THC y THCV, y CBD y CBDV
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darian lugar a una actividad terapéutica similar. Sin embargo, esta similitud fue
subsccuentemente encontrada como invalida ya que el analogo propilo de THC,
es decit ¢l THCV, ticne efectos opuestos, por lo menos en lo que respecta al
receptor CB1 (Thomas et al,, 2005). Copia de este documento se encuentra
adjunta como anexo al presente memorial.

Dec acuerdo a esto, en la fecha de presentacidn de la presente solicitud, la persona
del oficio versada en la técnica no hubiera considetado que los analogos de
propilo, incluyendo CBDV, se comportatian de manera similar al canabinoide
pentilo mas comun (CBD).

Teniendo cn cuenta lo antetior, se demuestra que las ensefianzas de la tabla 2 del
documento D1, no anticipan de ninguna manera una formulaciéon que
comprende una cantidad terapéuticamente efectiva de CBDV.

Dc csta forma, es claro para un experto en la materia que las invenciones
definidas cn el estado del arte y la presente solicitud, son completamente
d,1fc1cntes y por lo tanto, son novedosas una con respecto a la otra.

En cste sentido, la presente solicitud tal y como se encuentra definida en las
nucvas reivindicaciones 1 a 16, tiene diferencias con el estado del arte y, por

tanto, debe scr considerada como novedosa segun las disposiciones del articulo
16 de la Decision 486.

4. Nivel Inventivo

Til examinador establece en su concepto técnico que la antigua reivindicacion 13
dc la presente solicitud, que cotresponde parcialmente a la nueva teivindicacion
10, catecc de nivel inventivo a la luz de los documentos W002064109 (D2) y
W003099302 (D3).

Dec cste modo, me permito indicar que el articulo 18 de la Decisién 486 establece
que “Se considerard que una invencion tiene nivel inventivo, St pam una persona del oficio
normalmente versada en la materia técnica corvespondiente, esa invencion no hubiese resultado
obuia ni se hubiese derivado de manera evidente del estado de la técnica”.

Lo anterior significa que el analisis de nivel inventivo NO:es una comparacion de
los objetos de las anterioridades y la solicitud en estudio. El analisis de nivel
inventivo debe demostrar la obviedad de la invencién y establecer como ésta no
contiene un salto cualitativo, que demuestre su altura inventiva, teniendo en
cuenta que se hace necesario demostrar que la invencion analizada carece de
nivel inventivo y hubiese sido obvia para una persona versada en la matetia.

Considerando la anterior definicién, es deseo del solicitante indicar que la nueva
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reivindicacion 10 describe un extracto de planta de canabis que comprende “#
componente gue contiene fitocanabinoide y un componente gue no contiene fitocanabinoide, en
‘donde ¢l componente gue contiene f itocanabinoide comprende de 50- 100% CD/ p) del extracto de
planta de canabis y contiene como un fitocanabinoide principal CBDV, presente en una
cantidad de 40-100% (p/p) del extracto de planta de canabis, y como un canabinoide
secundario cannabidiol (CBD), presente en una cantidad de 10-100% (p/p) del extracto de
planta de canabis, con una cantidad menor de canabinoides de 0-5% (p/p) del extracto de
planta de canabis, y en donde ¢l componente que mo contiene fitocanabinoide comprende
monoterpenos y sesquiterpenos”.

Asi, es desco del solicitante indicar que no es posible que un experto en la
matetia derivara la presente invencidén de una forma obvia, ya que todas las
caracteristicas técnicas incluidas en la nueva reivindicacién 10, no son reveladas
ni sugeridas en forma individual en los documentos D2 y D3, y por lo tanto
tampoco en la combinacion de estos.

JLa informacién incluida en el documento D2, particularmente en la tabla 4
(pagina 33), indica la misma suposicién indicada anteriormente en el analisis del
documento D1. Por lo tanto, en la fecha de presentacion de la presente
aplicacién, la persona del oficio medianamente versada en la técnica no hubiera
considerado que el CBDV se compottaria de manera similat al CBD.

Adicionalmente, cs deseo del solicitante resaltar que el documento D3 citado por
cl examinador se refiere a una composicién a base de terpeno, lo cual se aleja
totalmente del campo de conocimiento de la invencion, que cottesponde a una
formulacién farmacéutica v un extracto de canabis enfocada en el alivio de las
convulsiones causadas por la_epilepsia. Asi, el documento D3, no puede ser
tenido en cuenta como antetioridad pertinente en el analisis de patentabilidad de
la presente invencion.

Dec csta forma, las nuevas reivindicaciones 1 a 16 cumplen con el requisito de
nivel inventivo, tal como se define en el articulo 18 de la Decision 486 y como se
explica detalladamente en el Manual Andino y la Guia para Examinadotes de la
Superintendencia de Industria y Comertcio.
Gy

Habiendo atendido cabalmente las objeciones ptesentadas por ese despacho,
atentamente solicitamos se conceda el privilegio de patente de invencién a la
solicitud cn cstudio o si el sefior examinador considera que subsisten razones
para objctar la presente invencién, rogamos expedir otro examen de fondo con
los debidos motivos y razones que sustenten su objecién con el fin de que
nucstto mandante tenga la posibilidad de exponer sus argumentos con base en la
interpretacién de los articulos 45 de la Decision 486 -el cual otorga la facultad al
‘examinador para emitir Jos eximenes de fondo-, 35y 59 del Codigo Contencioso
Administrativo que sefiala que: “habiéndose dado oportunidad a los interesados para
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excpresar sus opiniones, y con base en las pruebas ¢ informes disponibles, se tomard la decision
gue serd motivada al menos en_forma sumaria si afecta a particulares”y “(..) deberd proferirse
la decision definitiva. Esta se_motivard en sus aspectos de hecho y de derecho, y en los de
conveniencia si es el caso”, respectivamente (El subrayado es nuestro).

in consecuencia, solicitamos a ese despacho pronunciarse en relacion con todos
los argumentos presentados en este memorial dando estricta aplicacion al

! principio del debido proceso consagrado en el articulo 29 de la Constitucion
Nacional

Sefior Superintendente,

—< \
NA MARIA LOPEZ INAZ
C.C. 22.468.787 de Barranquilla

T.P 147463 del CS]
notificaciones(@clarkemodet.com.co
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ANEXOS

- Thomas A., Stevenson LA., Wease K.N., Price M.R, Baillie G., Ross, R.A,,
‘Pertwee  RG. (2005) Evidence that the plant cannabinoid — A%-
tetrahydrocannabivatin is a cannabinoid CB1 and CBz reccptor antagonist. British
Journal of Pharmacology 146, 917-926.
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SUPERINTENDENCIA DE INDUSTRIA'Y COMFRCIO

- DIVISION DE NUEVAS CREACIONES

E. S. D.

Re: . Expediente No. 12.186.907

~ Solicitud de patente a° nombre de GW PHARMA LIMITED Y OTSUKA
'_ PHARMACEUTICAL CO. LIMITED

i

Yo, DILIA RODRIGUEZ D "ALEMAN . identificada como aparece al pie de mi
firma, domiciliada en Bogota, Colombia, atentamente informo a usted que
sustitliyo el p'oder con que obro a‘la doctora SILVANA MARIiA LOPEZ
DiAZ, domiciliada en Bogota identificada con la Cédula de Ciudadania No.
22.468.787 y portadora de la tarjeta profesional No. 147.463 del CSJ, con

las mismas facultades con que me fueron conferidas para este caso.

Senor Superintendente,

DILIA RODRIGUEZ
C.C. 41.654.882 de Bogota

TP 20824 CSJ.__—

Acepto sustitucion

. )
SILVANA MARIA LOPEZ D{AZ
C.C. No. 22.468.787
TP 147463 CS]
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REIVINDICACIONES

1. Una formulacién que comprende‘ una cantidad terapéuticamente
efectiva de canabidivarina (CBDV) y un excipiente farmacéuticamente aceptable,
en donde el CBDV esta: .

i. presente en forma pura o aislada; o

ii. solo; o o

iii. ausente de tetrahidrocanabidivarina (THCV); o

iv. junto con tetrahidrocanabidivarina (THCV) pero no incluye una
formulacion que comprende CBDV y THCV en una relacion de 95:5
(CBDV:THCV).

2. La formulacién de acuerdo a la reivindicacion 1, en donde el CBDV

se encuentra presente en una dosis humana equivalente de 8.11 mg/kg.

3. La formulacién de acuerdo a cualquiera de las reivindicaciones
anteriores, en donde el CBDV se prepara con otro fitocanabinoide

terapéuticamente efectivo.

4, La formulacién de acuerdo a la reivindicacion 3, en donde el otro

fitocanabinoide terapéuticamente efectivo es cannabidiol (CBD).

5. La formulaciéon de acuerdo a la reivindicacion 1, en donde el CBDV

esta en forma aislada.

6. La formulacién de acuerdo a las reivindicaciones 1 a 5, en donde el
CBDV esta en la forma de una sustancia de farmaco botanica en la que el CBDV
es el canabinoide principal.

7. La formulacién de acuerdo a cualquiera” de las reivindicaciones
anteriores, en donde la formulacién ademas comprende un farmaco antiepiléptico
estandar, en donde el farmaco antiepiléptico estandar actia a través de canales
de sodio o calcio, o mejora la inhibicién GABAérgicanbi‘ho se ejemplifica por el
fenobarbital. '

8. La formulacién de acuerdo a la reivindicacién 7, en donde el farmaco

antiepiléptico estandar actla a través de canales de sodio o calcio, y:
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. modifica corrientes de calcio neuronales transitorias o de bajo
umbral, como se ejemplifica por etosuximida; o

. reduce potenciales de descarga neuronal de alta frecuencia y accién
dependiente de sodio y adicionalmente puede mejorar los efectos GABA, como se

ejemplifica por valproato.

9. La formulacién de acuerdo a cualquiera de las reivindicaciones

_anteriores, en donde la formulacién no exhibe efectos secundarios motrices

notabies.

10.  Un extracto de planta de canabis que comprende un componente
que céntiene fitocanabinoide y un componente que no contiene fitocanabinoide, en
donde el componente que contiene fitocanabinoide comprende de 50-100% (p/p)
del extracto de planta de canabis y contiene como un fitocanabinoide principal
CBDV, presente en una cantidad de 40-100% (p/p) del extracto de planta de
canabis, y como un canabinoide secundario cannabidiol (CBD), presente en una
cantidad de 10-100% (p/p) del extracto de planta de canabis, con una cantidad
menor de canabinoides de 0-5% (p/p) del extracto de planta de canabis, y en
donde el componente que no contiene fitocanabinoide comprende monoterpenos y

sesquiterpenos.

11.  El extracto de planta de canabis de acuerdo a la reivindicacion 10, en

donde el extracto de planta de cannabis ademas comprende THCV.

'12. El extracto de planta de canabis de acuerdo a cualquiera de las
reivindicaciones 10 a 11, en donde el componente qué ‘contiene fitocanabinoide

comprende 64-78% (p/p) del extracto de planta de canabis’

13.  El extracto de planta de canabis de acuerdo 4 las reivindicaciones 10
a 12, que comprende 52-64% (p/p) CBDV del componente que contiene
fitocanabinoide.

14.  El extracto de planta de canabis de acuerdo a las reivindicaciones 10
a 13, que comprende 22-27% (p/p) CBD del componente que contiene

fitocanabinoide.



15.  El extracto de planta de canabis de acuerdo a las reivindicaciones 10
a 14, que comprende 3.9-4.7% (p/p) de THCV del componente que contiene

fltocanabmonde

5 16. El extracto de'planta de canabis de acuerdo a las reivindicaciones 10

a 15, que no exhibe efectores secundarios motrices notables.
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Evidence that the plant cannabinoid A’-tetrahydrocannabivarin

is a cannabinoid CB, and CB, receptor antagonist

'Adéle Thomas, 'Lesley A. Stevenson,
'Ruth A. Ross & *'Roger G. Pertwee

™

'Kerrie N. Wease, 'Martin R. Price, 'Gemma Baillie,

!School of Medical Sciences, Institute of Medical Sciences. University of Aberdeen, Foresterhill, Aberdeen AB2S 2ZD

1 A’-tetrahydrocannabivarin (THCV) displaced [*HJCP55940 from specific binding sites on mouse

brain and CHO-hCB, cell membranes (K, = 75.4 and 62.8 nM, respectively).

2 THCV (1 um) also antagonized CP55940-induced stimulation of [¥*SIGTPyS binding to these

membrancs (apparent Ky=93.1 and 10.1 nMm, respectively).

3 In the mouse vas deferens, the ability of A’-tetrahydrocannabinol (THC) to inhibit electrically
evoked contractions was antagonized by THCV, its apparent Ky-value (96.7 nm) approximatipg the
apparent Ky-values for its antagonism of CP55940- and R-(+4)-WINS55212-induced stimulation of

[*SIGTPyS binding to mouse brain membranes.

4 THCYV also antagonized R-(+)-WINS55212, anandamide, methanandamide and CP55940 in the

vas deferens, but with lower apparent Ky-values (1.5, 1.2, 4.6 and 10.3 nM, respectively).

5 THCV (100nM) did not oppose clonidine, capsaicin or (—)-7-hydroxy-cannabidiol-dimethylhep—

tyl-induced inhibition of electrically evoked contractions of the vas deferens.

6 Contractile responses of the vas deferens (o phenylephrine hydrochloride or f.y-methylene-ATP
were not reduced by | uM THCV or R-(+)-WINS55212, suggesting that THCV interacts with R-(+)-

WINS55212 at prejunctional sites.

7 At 32uM, THCV did reduce contractile responses to phenylephrine hydrochloride and f,y-
methylene-ATP, and above 3 uM it inhibited electrically evoked contractions of the vas deferens in an

SR141716A-independent manner,

8 In conclusion, THCV behaves as a competitive CB, and CB, receptor antagonist. In the vas
deferens, it antagonized several cannabinoids more potently than THC and was also more potent
against CP55940 and R-(+)-WIN55212 in this tissue than in brain membranes. The bases of these
agonist- and tissue-dependent effects remain to be established. *
British Journal of Pharmacology (2005) 146, 917-926. doi:10.1038/sj.bjp.0706414;

published online 3 October 2005

Keywords:  A®-Tetrahydrocannabivarin:

Abbreviations:

A’-tetrahydrocannabinol:
CP55940; cannabinoids: mouse vas deferens: CB,

R-(+)-WINS55212;  anandamide; methanandamide;
receptor antagonist; CB. receptor antagonist

anandamide, arachidonoyl ethanolamide: BSA, bovine serum albumin: capsaicin, 3-methoxy-4-hydroxy-benzyl-8-

methyl-6-nonenamide; CHO, Chinese hamster ovary: CP55940, (—)-(‘i.s'-3-[2-hydroxy-4-(l,l-dimethylheplyl)phe-

nyl]-trans-4-(3-hydroxypropyl)cyclohexanol:

DMSO. dimethyl sulphoxide; GDP, guanosine S'-diphosphate;

GTPyS, guanosine-5'-0-(3-thiotriphosphate); methanandamide, R-( +)-aruchidonoy]-l’-hydroxy-2’-propylumide;

f,y-methylene-ATP,

f.y-methylencadenosine

S'-triphosphate;
mcthyl-3-(4-morpholinylmethyl)pyrrolo-[l 2,3-de

]-1.4-benzoxazin-6-ylj-1 -naphthalenylmethanone;

R-(+)-WINS5212,  (R)-(+)-[2,3-dihydro-5-

SR141716A,

N-(piperidin-1-yl)-5-(4-chlorophenyl)-1 -(2,4-dichlorophenyl)-4-methyl-1 H-pyrazole-3-carboxamide hydrochloride:
SR 144528, N-[(15)-endo-1,3,3-trimethyl bicyclo [2.2.1] hepta11-2-yl]-5-(4-chloro-3-melhylphenyl)-I-(4-111ethylbcn-
zyl)-pyrazole-3-carboxamide; THC, A’-tetrahydrocannabinol; THCV, A’-tetrahydrocannabivarin

Introduction

Cannabis sativa is the natural source of a set of at least 66
oxygen-containing aromatic hydrocarbon compounds that are
known collectively as phytocannabinoids (reviewed in ElSohly,
2002). This study focused on a little-investigated phytocanna-
binoid, the n-propyl analogue of A’-tetrahydrocannabinol
(THC) (Figure 1), which was first detected in cannabis by
Gill er al. (1970) and named A’-tetrahydrocannabivarin
(THCV) by Merkus (1971). The initial objective of this
research was to establish whether THCV can activate or block
cannabinoid CB, or CB, receptors. Some of our experiments

*Author for correspondence; E-mail: rgp@abdn.ac.uk

were performed with membranes prepared from healthy brain
tissue, which is densely populated with CB, but not CB,
receptors (reviewed in Howlett ef /., 2002), or from Chinese
hamster ovary (CHO) cells transfected with hCB, receptors.
These membranes were used to investigate the ability of THCV
to displace [*H]JCP55940 from CB,- and CB,-binding sites and
to determine whether it behaves as a CB, or CB; receptor
agonist or antagonist. Experiments were also carried out with
the mouse isolated vas deferens, a tissue in which cannabinoid
receptor agonists such as R-(+)-WINS55212, CP55940, THC
and 2-arachidonoyl cthanolamide (anandamide) can inhibit
electricaily evoked contractions (Devane er al., 1992; Pertwee
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Figure 1 Structures of THC and THCV.

et al., 1995b). This they are thought to do by acting on
prejunctional neuronal cannabinoid CB, receptors to inhibit
release of the contractile neurotransmitters, ATP, acting on
postjunctional P2X purinoceptors, and noradrenaline, acting
on postjunctional « -adrenoceptors (von Kiigelgen & Starke,
1991; Trendelenburg er al., 2000; see also Pertwee, 1997:
Schlicker & Kathman, 2001). Experiments were also per-
formed with (—)-7-hydroxy-cannabidiol-dimethylheptyl, i
synthetic analogue of the phytocannabinoid, (—)-cannabidiol,
that inhibits electrically evoked contractions of the mouse
vas deferens through a mechanism that appears to operate
prejunctionally and to be at least partly CB, receptor-
independent (Pertwee e al., 2005). Some of the results
described in this paper have been presented to the British
Pharmacological Saciety (Pertwee et al., 2004).

Methods

The methods used comply with the U.K. Animals (Scientific
Procedures) Act, 1986 and Associated Guidelines for the Use
of Experimental Animals.

Drugs and chemicals

THCV was supplied by GW Pharmaceuticals (Porton Down,
Wiltshire, U.K.), THC by the National Institute on Drug
Abuse (Bethesda, MD, U.S.A.) and (—=)-7-hydroxy-cannabi-
diol-dimethylheptyl by Professor R. Mechoulam (Hebrew
University of Jerusalem, Israel). SR141716A and SR144528
were obtained from Sanofi-Aventis (Montpellier, France).
Phenylephrine hydrochloride, B.y-methyleneadenosine 5'-tri-
phosphate (B,y-methylene-ATP), anandamide and clonidine
hydrochloride were purchased from Sigma-Aldrich (Poole,

~ Dorset, UK.), R-(+)-WIN55212 and CP55940 from Tocris

(Bristol, U.K.) and capsaicin from Research Biochemicals
International (Natick, MA, U.S.A)). Phenylephrinc hydro-
chloride, f,y-methylene-ATP and clonidine were dissalved in
a 0.9% aqueous solution of NaCl (saline). R-(+)-WIN55212
was dissolved in a 50% (vv~') solution of dimethyl sulphoxide
(DMSO) in saline and all other drugs were dissolved in pure
DMSO. Drugs were added to organ baths in a volume of 10 pul.
For the binding experiments, [*"H]CP55940 (168 Ci mmol="),
[H]R-(+)-WINS5212 (40 Cimmal ') and *SIGTPyS (1250
Cimmol~") were obtained from Perkin-Elmer Life Sciences
Inc. (Boston, MA, U.S.A). ['HJSR141716A (44 Cimmol~")
was obtained from Amersham Biosciences U.K, Ltd (Little
Chalfont, Buckinghamshire, U.K.), GTPyS and adenosine
deaminase from Roche Diagnostic (Indianapolis, IN, US.A)
and GDP from Sigma-Aldrich.

CHO cells

CHO cells stably transfected with cDNA encoding human
cannabinoid CB; receptors (B = 72.6 pmolmg™' protein)
were maintained at 37°C and 5% CO, in Dulbecco’s Modified
Eagles’s medium (DMEM) nutrient mixture F-12 HAM
supplemented with 2mMm L-glutamine, 10% foetal calf serum,
0.6% penicillin-streptomycin, hygromycin B (300 ugm1~") and
G 418 (600 ugml™"). These CHO-hCB, cells were passed twice
a week using a nonenzymatic cell dissociation solution.

Membrane preparation

Binding assays with ['H]CP55940 and with [*S]GTP;S were
performed with mouse whole brain membranes, prepared as
described by Thomas er al. (2004), or with CHO-hCB; cell
membranes (Ross e/ al., 1999a). The hCB, transfected cells
were removed from flasks by scraping and then frozen as a
pellet at —20°C until required. Before use in a radioligand-
binding assay, cells were defrosted, diluted in SOmMM
Tris-binding buffer (radioligand displacement assay) or
GTP;S-binding buffer ((SIGTPyS-binding assay), and homo-
genized with a | ml hand-held homogenizer. Protein assays
were performed using a Bio-Rad Dc kit (Bio-Rad, Hercules,
CA, US.A).

Radioligand displacement assay .

The assays were carried out with ["H]CP55940, "Tris-binding
buffer (50mm Tris-HCL; 50 mm Tris-Base; 0.1% BSA), total
assay volume 500 ul, using the filtration procedure described
previously by Ross ¢/ al. (1999b). Binding was initiated by the
addition of either the brain membranes (33 Mg protein per well)
or the transfected hCB; cells (25 ug protein per well). All assays
were performed at 37°C for 60min before termination by
addition of ice-cold Tris-binding buffer and vacuum filtration
using a 24-well sampling manifold (cell harvester; Brandel Inc.,
Gaitherburg, MD, US.A.) and GF/B filters (Whatman,
Maidstone, U.K.) that had been soaked in wash buffer at
4°C for at least 24 h. Each reaction well was washed six times
with a 1.2ml aliquot of Tris-binding buffer. The filters were
oven-dried for 60 min and then placed in 5ml of scintillation
fluid (Ultima Gold XR, Packard). Radioactivity was quanti- .
fied by liquid scintillation spectrometry. Specific binding was
defined as the difference between the binding that occurred
in the presence and absence of I uM unlabelled CP55940. The
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concentration of [PHJCP55940 used in our displacement assays
was 0.7nM. THCV was stored as a stock solution of 10mm
in DMSO, the vehicle concentration in all assay wells being
0.1% DMSO. The binding parameters for [*H]CP55940,
determined by fitting data from saturation-binding experi-
ments to a one-site saturation plot using GraphPad Prism,
were 2336 fmol mg™' protein (B.) and 2.31 nM (Ky) in mouse
brain membranes (Thomas er al., 2004), and 72570 fmol mg™"
protein (By.) and 1.043nM (K,) in hCB-transfected cells,

[**S]GTPyS-binding assay

The method for measuring agonist-stimulated [*SJGTP3S
binding to cannabinoid CB, receptors was adapted from the
methods of Kurkinen er al. (1997) and Breivogel e al. (2001).
The conditions used for measuring agonist-stimulated
[**SJGTPyS binding to transfected cannabinoid CB, receptors
were adapted from those used by MacLennan ef al. (1998) and
Griffin et al. (1999). The assays were carried out with GTPyS-
binding buffer (S0mM Tris-HCl; 50 mM Tris-Base; SmMm
MgCly; Imm EDTA; 100mM NaCl; [ mMm dithiothreitol;
0.1% BSA) in the presence of [*SJGTPyS and GDP, in a
final volume of 500 4. Binding was initiated by the addition of
[**SIGTPyS to the wells. Nonspecific binding was measured
in the presence of 30 uM GTPyS. The drugs were incubated
in the assay for 60min at 30°C. The reaction was terminated
by a rapid vacuum filtration method using Tris-binding bulfer
as described previously, and the radioactivity was quantified
by liquid scintillation spectrometry. The concentrations of
[**SIGTPyS and GDP present in the assay varied depending on
whether the assay was conducted with mouse brain or
transfected cell membranes. However, the protein concentra-
tion was the same in all the [(*SIGTPyS-binding assays (5ug
protein per well). When the assay was conducted with mouse
brain membranes, 0.1nM [*¥S]JGTPyS and 30 uM GDP were
present, whercas the corresponding concentrations present
when the assay was conducted with transfected cell membranes
were 0.7n0M and 320 uM, respectively. Additionally, mouse
brain membranes were preincubated for 30min at 30°C
with 0.5Uml~" adenosine deaminase (200 U mg™") to remove
endogenous adenosine. Agonists and antagonists were stored
as a stock solution of | or 10mM in DMSO, the vehicle
concentration in all assay wells being 0.11% DMSO.

Vas deferens experiments

Vasa deferentia were obtained from albino MF1 mice weighing
31-59g. The tissues were mounted vertically in 4 ml organ
baths. They were then subjected to clectrical stimulation of
progressively greater intensity, followed by an equilibration
procedure in which they were exposcd (o alternate periods of
stimulation (2min) and rest (10 min) until contractions with
consistent amplitudes were oblained (Thomas et al., 2004).
These contractions were monophasic and isometric, and were
evoked by 0.5s trains of pulses of 110% maximal voltage
(train frequency 0.1 Hz; pulse frequency SHz; pulse duration
0.5 ms).

Except in our experiments with phenylephrine, all drug
additions were made to the organ baths after the equilibration
period and there was no washout between these additions,
In most experiments, there was an initial application of a
potential antagonist or its vehicle. This was followed 28 min

later by a 2-min period of electrical stimulation, at the end of
which the lowest of a series of concentrations of the twitch
inhibitors, R-(+)-WIN55212, CP55940, THC, anandamide,
(—)-7-hydroxy-cannabidiol-dimethylheptyl or clonidine, was
applied. After a period of rest, the tissues were electrically
stimulated for 2min and then subjected to a further addition of
twitch inhibitor, This cycle of drug addition, rest and 2min
stimulation was repeated so as to construct cumulative
concentration-response curves, Only one concentralion—
response curve was constructed per tissue (Pertwee er al.,
1996). Rest periods were 3min for clonidine, 13min for
R-(+)-WINS55212, CP55940 and anandamide, 28 min for
THC and THCV, and 58 min for (—)-7-hydroxy-cannabidiol-
dimethylheptyl. Experiments were also performed with cuapsai-
cin. This drug was added at intervals of 3min and the tissues
were not rested from electrical stimulation between these
additions. In some experiments, cumulative concentration—
response curves for THCV were constructed without prior
addition of any other compound, again using a cycle of drug
addition, 28 min rest and 2 min stimulation.

In experiments with f,7-methylene-ATP, no electrical
stimuli were applied after the equilibration procedure. Log
concentration—response curves of f,y-methylene-ATP were
constructed cumulatively without washout. THCV, WIN or
drug vehicle was added 30 min before the first addition of B,
y-methylene-ATP, each subsequent addition of which was
made immediately after the effect of the previous dose had
reached a plateau (dose cycles of 1-2 min). Only one addition
of phenylephrine was made to each tissue and this was carried
out 30 min after the addition of THCV, WIN or drug vehicle.

Analysis of datu

Values have been expressced as means and variability as s.e.m.
or as 95% confidence limits. The concentration of THCV that
produced a 50% displacement of radioligand from specific
binding sites (ICs, value) was calcutated using GraphPad
Prism 4. Its dissociation constant (Ki-value) was calculated
using the equation of Cheng & Prusoff (1973). Net agonist-
stimulated [**S]JGTP;S-binding values were caleulated by
subtracting basal binding values (obtained in the absence of
agonist) from agonist-stimulated values (obtained in the
presence of agonist) as detailed elsewhere (Ross ¢r al.,
1999a). Inhibition of the electrically evoked twitch response
of the vas deferens has been expressed in percentage terms, and
this has been calculated by comparing the amplitude of the
twitch response after each addition of a twitch inhibitor
with its amplitude immediately before the first addition of the
inhibitor. Contractile responses (o phenylephrine and f,y-
methylene-ATP have been expressed as increases in tension (o).

Values for ECs;, maximal effect (Ew) and the s.c.m. or
95% confidence limits of these values have been calculated by
nonlinear regression analysis using the equation for a sigmoid
concentration—response curve (GraphPad Prism), The appar-
ent dissociation constant (Kp) values for antagonism of
agonists by THCV in the vas deferens or [*SIGTP;$-binding
assay have been calculated by Schild analysis from the
concentration ratio, defined as the concentration of an agonist
that elicits a response of a particular size in the presence
of a competitive reversible antagonist at a concentration, B,
divided by the concentration of the same agonist that produces
an identical response in the absence of the antagonist, The
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methods used to determine the concentration ratio and
apparent Kg-values and to establish whether log concentra-
tion—-response plots deviated significantly from parallelism are
detailed elsewhere (Pertwee ¢/ al., 2002). Mean values have
been compared using Student's two-tailed r-test for unpaired
data_or one-way analysis of variance (ANOVA) followed
by Dunnett’s test (GraphPad Prism). A P-value <0.05 was
considered to be significant.

Results
Radioligand experiments

THCV displaced [*HJCP55940 from specific binding sites
in mouse brain and CHO-hCB, cell membranes in a manner
that fitted significantly better to a one-site than a two-site
competition curve (P<0.05; GraphPad Prism 4). Its mean
Ki-values werc 75.4 and 62.8 nM, respectively (Figure 2). THCV
also displaced [PH)R-(+)-WIN55212 and PHISR141716A
from specific binding sites in mouse brain membranes, its
mean ECs, values with 95% confidence limits shown in
brackets being 61.3 1M (48.6 and 77.3 nM; 11 =4-7) and 86.8 nM
(63.8 and 118.1 nM; n =4-6), respectively. The corresponding
ECs, value of THCV for displacement of [PHICP55940 is
98.2nM (69.6 and 138.6nM; n = 4-8).

The ability of CP55940 to stimulate [*S]GTPyS binding to
mouse brain and CHO-hCB; membranes was attenuated by
THCV, which at 1 um produced significant dextral shifts in the
log concentration-response curves of this cannabinoid recep-
tor agonist that did not deviate significantly from parallelism
(Figure 3). The mean apparent Ky-values for this antagonism
are shown in Table |, as are the mean apparent Kg-values
of SR141716A for antagonism of CP55940 in mouse brain
membranes and of SR144528 for antagonism of CP55940
in the CHO-hCB, cell membranes. At L uM, THCV also
produced a significant parallel dextral shift in the log
concentration-response curve of R-(+ )-WIN55212 for stimu-
lation of GTPyS binding to mouse brain membranes (see
Table 1 for its apparent Ky-value against R-(+)-WINS55212).

Micromolar concentrations of THCV inhibit evoked
contractions of the vas deferens

THCV produced a concentration-related inhibition of elec-
trically evoked contractions of the mouse isolated vas deferens
with an ECsy of 12.7uM (6.9 and 23.2 uM) (Figure 4). It is
unlikely that this effect was CB,-receptor mediated as it was
not attenuated by SRI41716A at 100nM (n=7, data not

Table 1 Mean apparent Kg-values of THCV, SR141716
WIN55212-induced activation of [**S]GTPyS binding to mo

shown), a concentration that equals or exceeds concentrations
of this CB-selective antagonist found previously to antagonize
established CB, receptor agonists in the same bioassay
(Pertwee et al., 1995b: Ross et al,, 2001). At 32um, a
concentration at which it produced a marked inhibition of
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Figure 2 Displacement of [*H]CP55940 by THCV from specific
binding sites in (a) mousc whole brain membranes and (b) CHO-
hCB; cell membranes. Each symbol represents the mean percent
displacement+s.e.am. Mean Ki-values for this displacement with
95% confidence limits shown in brackets were caleulated by the
Cheng-Prusoff equation to be () 75.4 1M (53.4and 106.3nM; n=4-
8) in mouse whole brain membranes and (b) 62.8nM (52.5 and
75.3nM; n=6) in CHO-hCB; cell membranes.
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Figure 3 The effect of 1 M THCV on the mean log concentration—
response curve of CP55940 for stimulation of [*S)GTPyS binding (a)
to mouse whole brain membranes and (b) to CHO-hCB, cell
membranes. Each symbol represents the mean percentage increase in
[SIGTPyS binding+s.c.nt (n=406). Mean apparent Ky-values of
THCV for its antagonism of CP55940 have been calculated from
these data and these values are listed in Table 1.

and SR144528 for antagonism of CP55940- or R-(+)-

use whole brain or CHO-hCB, membranes

Antagonist Agonist Membrane preparation
THCV (1000 nm) CP55940 Brain

THCV (1000 nM) R-(+)-WIN55212 Brain

SR141716A (10 nM) CP55940 Brain

THCV (1000 nm) CP55940 CHO-hCB,

SR144528 (100 nm) CP55940 CHO-hCB,

Mean apparent K, (nM) 95% confidence limits (nM}) n

93.1 66.5 and 130.6 6
85.4 29.3 and 270.5 5
0.09 0.021 and 0.41 4
10.1 5.0 and 20.5 6
0.49 0.26 and 0.85 6

Mean apparent Kp-values were calculated by Schild analysis using data obtained with the antagonist concentrations shown.
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Figure 4 The mean log concentration—response curve of THCV in
the mouse isolated vas deferens. Each symbol represents the mean
valuexs.e.m. for inhibition of electrically evoked contractions
expressed as a percentage of the amplitude of the twitch response
measured immediately before the first addition to the organ bath
of THCV., Tissues were exposed to THCV concentrations ranging
either from 3.2nM to 10uM (n=10) or from | to 100 uM (n=10).

electrically evoked contractions, THCV also attenuated con-
tractile responses of the vas deferens (o both the P2 receptor
agonist f,y-methylene-ATP, and the o -adrenoceptor agonist,
phenylephrine hydrochloride (Figure 5). In contrast, at 1 um,
a concentration at which it had no detectable inhibitory effect
on electrically evoked contractions (Figure 4), THCV did not
induce any significant reduction in the amplitude of contrac-
tions induced either by f,y-methylene-ATP (n=8; data not
shown) or by phenylephrine (Figure 5). These findings suggest
that THCV inhibited electrically evoked contractions of the
vas deferens, at least in part, by acting postjunctionally to
block contractile responses to endogenously released ATP and
noradrenaline.

THCYV. behaves as a potent surmountable competitive
antagonist of R-( + )-WIN55212 in the vas deferens

As shown in Figure 6, at concentrations well below those at
which it inhibited electrically evoked contractions, THCV
opposed R-(+)-WINS55212-induced inhibition of the twitch
response in a manner that was concentration-related and not
accompanied by any significant change in the maximum effect
(Ewax) of R-(+)-WINS5212 (P>0.05; ANOVA followed by
Dunnett’s test; nn = 6-9). The dextral shifts produced by THCV
in the log concentration—response curve of R-(+)-WINS55212
do not deviate significantly from parailelism and yield a Schild
plot with a slope that is not significantly different from unity
(Figure 6). The mean apparent Ky-value of THCV was
calculated by the Tallarida method (see Pertwee er al., 2002)
to be 1.5nM (Table 2). At | uM, a concentration that markedly
attenuvated electrically evoked contractions (Figure 6), R-(+)-
WINS55212 did not decrease the ability of f,y-methylene-ATP
(n=7 or 10; data not shown) or phenylephrine (Figure 5) to
induce contractions of the vas deferens.

THCV is also a potent surmountable competitive
antagonist of anandamide, methanandamide and
CP55940 in the vas deferens

THCV was shown to antagonize anandamide at 10, 100 and
1000 nM (Figure 7), and methanandamide and CP55940 at
100 nM (Table 2). The dextral shifts produced by THCV in the
log concentration—response curves of these twitch inhibitors
did not deviate significantly from parallelism. The mean
apparent Kg-value for the antagonism of anandamide by
10nM THCV with its 95% confidence limits shown in brackets
is 1.4nmM (0.36 and 7.50nM). Mean apparent Ky-values for
antagonism of anandamide, methanandamide and CP55940
by 100nM THCV are listed in Table 2. .

THCV (100 nm) does not antagonize clonidine, capsaicin,
(= )-7-hydroxy-cannabidiol-dimethyviheptyl or THC

in the vas deferens

At 100nM, THCV did not rcduce the ability of clonidine,
capsaicin  or (—)-7-hydroxy-cannabidiol-dimethylheptyl to
inhibit electrically evoked contractions (Figure 7 and Table 2),
indicating it to possess at least some degree of selectivity as an
antagonist of twitch inhibitors in the vas deferens. Nor did
100nM THCV antagonize the cannabinoid receptor agonist,
THC (n=11; data not shown). However. at 1M, THCV did
produce a significant dextral shift in the log concentration—
response curve of THC that did not deviate significantly from
parallelism (see Table 2 for its apparent Ky-value against
THQ).

Discussion

Wetl-established mixed CB,/CB, cannabinoid receptor ligands
such as CP55940, R-(+)-WINS5212 and THC displace
['H]CP55940 from specific binding sites on membranes
prepared from brain tissue or [rom cells transfected with CB,
receptors (reviewed in Pertwee, 1997; Howlett e7 al., 2002), and
THCV was found to share this ability. The K-value of THCV
detcrmined from our experiments with mouse brain mem-
branes (75.4nM) presumably represents its K; for the mouse
CB, receptor, as there is little evidence for the presence of a
significant population of CB; receplors in healthy brain tissue
(reviewed in Howlett er af., 2002). This K-value is at lcast 1.8
times greater than reported CB, K-values of its structural
analogue, THC, determined in experiments with [*HJCP55940
using rat brain membranes (1.6-43 nM; see Pertwec, 1997).
However, the hCB, Ki-value of THCV (62.8nM) is little
different from hCB, K-values of THC determined previously
with [*H]CP55940 (reviewed in Pertwee, 1997).

THCV behaved as a reasonably potent competitive antago-
nist of CP55940, as indicated by the manner in which it
antagonized the ability of this cannabinoid receptor agonist to
stimulate [“SJGTPyS binding in experiments with mouse brain
membranes (Figure 3). Results from additional [*S]GTPyS-
binding assays conducled with mouse brain membranes
indicated that THCV can also antagonize R-(+)-WIN55212,
again in an apparently competitive manner. THCV exhibited
similar potencies agains{ CP55940 and R-(+)-WINS55212 in
these experiments, suggesting that both agonists were compet-
ing with THCV for the same target. It is likely that this target
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after DMSO or THCV (n=7 or

8). Lower panels: the effect of

pretreatment with R-(4-)-WIN55212 or THCV on mean increases in tension of the mouse isolated vas deferens induced by (a) 32 M

phenylephrine or (b) 3.2 um phenylephrine. Additions of phenylephrine were made 30 min
all panels, mean increases in tension
differences between responses to f.y-methylene ATP (unpaired /-
in the absence of added cannabinoids, and corresponding respor

R-(+)-WIN55212 (n=8). In

P <0.001).

was the cannabinoid CB, receptor as results from the brain
membrane experiments showed that the apparent Kg-value of
THCYV for its antagonism of CP55940 (Table 1) did not deviate
significantly from its corresponding Ki-value for displacement
of PH]CP55940 (Figure 2).

THCV also behaved as a competitive CB, receptor
antagonist, as measured by its ability to antagonize CP55940
in the [*S]JGTPyS-binding assay when CHO-hCB, cell
membranes were used., Interestingly, its apparent Kg-value in

alter DMSO (open columins), THCV or
are expressed in grams+s.e.m. The asterisks indicate significant
test) or to phenylephrine (ANOVA followed by Dunnett’s test)

nses in the presence of R-(+)-WINS5212 or THCV (*P<0.05;

these experiments was significantly less than its apparent
Kn-value for the antagonism of CP55940-induced activation
of [*S]GTPyS binding in mouse brain membranes (Table 2),
indicating it to be more potent as a CB, than a CB; receptor
antagonist. Unexpectedly, its hCB, Kp-value was also sig-
nificantly lesser than its K-value for the displacement of
[*HICP55940 from CHO-hCB, cell membrancs (Figure 2).
Why this should be remains to be established. I is noteworthy,
however, that we also found the corresponding hCB, Ky-value
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Figure 6 Upper pancl: the cffect of pretreatment with THCV on
the mean log concentration—response curve of R-(+)-WINS55212 in
the mouse isolated vas deferens. Each symbol represents the mean
valuets.e.m. for inhibition of electrically evoked contractions
expressed as a percentage of the amplitude of the twitch response
measured immediately before the first addition of R-(+)-WINS55212
to the organ bath. THCV or DMSO was added 30 min before the
first addition of R-(+)-WINS55212. further additions of which were
made at 15-min intervals. Each iog concentration—response curve
was constructed cumulatively without washout (n=6-9). Lower
panel: Schild plot for antagonism of R-(+)-WIN55212 by 10-
1000nM THCYV, in which values for log x—1 were calculated from
the data shown in the upper panel (x=concentration ratio). The
slope of this plot is 0.99+0.14 and this does not differ significantly
from unity (P>0.05; one-sample r-test). The mean apparent K-
value of THCV for its antagonism of R-(+)-WINS5212 has
been caleulated from this slope by Schild analysis and is listed in
Table 1.

of the established CB.-selective antagonist SR 144528 (Table 1)
to be significantly less than the mean Ki-value of this ligand
for its displacement of [*H]JCP55940 from CHO-hCB, cell
membranes. More specifically, we found this Ki-value with its
95% confidence limits shown in brackets to be 7.5 nM (5.7 and
10.0; n=6-8), a value that docs not deviate significantly from
the hCB; Ki-value of SR144528 determined previously in this
laboratory (Ross et al., 1999a). One possibility, that the
potency of THCV as a hCB; receplor antagonist was found to
be so much greater than its affinity for hCB, receptors because
THCV binds more readily to these receptors in the presence of
GTPyS-binding buffer (see Methods), is unlikely as we found
THCYV 1o be no more potent in displacing [*H]CP55940 from
CHO-hCB; cell membranes when this was determined using
GTPyS-binding buffer (mean K;=68.1nM; 95% confidence
limits=44.7 and 103.9nM:; n=35 or 6) instead of the Tris-
binding buffer used in all our other binding experiments with
radiolabelled cannabinoits (Figure 2).

Although THCV behaved as a cannabinoid receptor
antagonist in the [*SJGTPyS-binding assays, it was found to
share the ability of CB, receptor agonists to inhibit electrically
evoked contractions of the mouse isolated vas deferens
(reviewed in Pertwee, 1997). It is likely, however, that the
mechanism by which THCV inhibited these contractions is not
the same as the mechanism that underlies the inhibition of
electrically evoked contractions induced by THC or other
established CB, receptor agonists. Thus, while CB, receptor
agonists appear to act on CB, receptors located on prejunc-
tional neurones to produce this effect (reviewed in Pertwee
1997 Schlicker & Kathman, 2001), THCV probably acted
in & CB,-receptor-independent manner as its ECs, for twitch
inhibition (12.7 uM) greatly exceeded its K; for CB,-binding
sites and as it was not antagonized by the CB,-sclective
antagonist, SR141716A, when this was administered at a
concentration (100 nM) found previously to oppose inhibition
of electrically evoked contractions of the mouse vas deferens
induced by CB, receplor agonists (Pertwee ¢f al., 1995b).
THCV could well have produced its inhibitory effect on
electrically evoked contractions of the vas deferens by acting
postjunctionally to oppose the contractile effects of ndradrena.
line and ATP that were presumably being released in response
to electrical stimulation (see introduction). Thus. the ampli-
tudes of both phenylephrine- and B.y-methylene-ATP-cvoked
contractions of this tissue were reduced by THCV when this
was administered at a concentration that attenuated electri-
cally evoked contractions of the vas deferens (32 um), but not

Table 2 Mean apparent Kyp-values of THCV for antagonism of drug-induced inhibition of electrically evoked

contractions of the mouse isolated vas deferens

THCV (nm) Twiteh inhibitor Mean apparent K, of THCV (nM) 93% confidence limits (nm) n

10-1000 R-(+)-WINS55212 1.5 1.1 and 2.3 -9
100 Anandamide 12 0.2 and 6.2 7
100 Mecthanandamide 4.6 LSand 11.6 12
100 CP55940 10.3 3.8 and 31.7 14
1000 THC 96.7 5.4 and 978 10
100 Clonidine > 100 —_ 8
100 Capsaicin > 100 — 8
100 7-OH-CBD-DMH > 100 —_ 8

7-OH-CBD-DMH, (—)-7-hydroxy-cammbidiol-dimethylheplyl. Mean
obtained with the concentrations of THCV shown (sce also Figures 6

apparent Ky-values were calculated by Schild analysis using data

and 7).
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Figure 7 The effect.of pretreatment with THCV on the mean log
concentration—responsc curves of anandamide (n=7 or 8) and
clonidine (n=8) in thc mouse isolated vas deferens. Each symbol
represents the mean value+s.e.m. for inhibition of electrically
evoked contractions expressed as a percentage of the amplitude
of the twitch response measured immediately before the first
addition of twitch inhibitor to the organ bath. THCV or DMSO
was added 30min before the first addition of anandamide or
clonidine, further additions of which were made at 15- and 3-min
intervals, respectively. Fach log concentration—response curve was
constructed cumulatively without washout.

when it was administered at a concentration that did not affect

the amplitude of electrically evoked contractions (1 uM). Taken
together, our brain membrane and vas deferens data suggest
that while THCV has significant affinity for the CB, receptor,
it lacks detectuble CB, receptor cfficacy. This is in line with the
hypothesis that the length of the C-3 side chain of classical
cannabinoids such as THC is an important determinant of the
affinity or efficacy displayed by these ligands at CB, receptors
(reviewed in Razdan, 1986; Howlett ¢ al., 2002). Our finding
that THCV was less potent than THC as an inhibitor of
electrically evoked contractions of the mouse vas deferens
(Figure 4; Pertwee et al., 1995b), agrees with an earlier report
that THCV shows less activity than THC as an inhibitor of
electrically evoked contractions of the guinea-pig isolated
ileum (Gill et af., 1970).

AL concentrations below those at which it inhibited
electrically evoked contractions of the mouse vas deferens,
THCV opposed the abilities of the established CB, receptor

agonists, R-(+)-WIN55212, anandamide, methanandamide,
CP55940 and THC, to inhibit the twitch response. This it
did in a competitive. surmountable manner. For R-(+)-
WINSS5212, at least, it is likely that the interaction with THCV
took place on prejunctional neurones rather than postjunc-
tionally, as the amplitudes of fy-methylenc-ATP- and
phenylephrine-evoked contractions of the vas deferens were
unaffected by a concentration of R-( +)-WINS5212 that did
markedly inhibit electrically evoked contractions of this tissue
preparation. THCV produced its antagonism of cannabinoids
at concentrations that by themselves did not affect the
amplitude of clectrically evoked contractions, or indeed
['SIGTPyS binding to brain or CHO-hCB, cell membranes
(data not shown), suggesting it (0 be a neutral antagonist
(reviewed in Pertwee, 2005a).

At 100nM, a concentration at which it antagonized R-(+)~
WINS55212, anandamide, methanandamide and CP55940 in
the vas deferens, THCV produced no antagonism of clonidine
ot cupsaicin. This is an indication that it possesses selectivity
and also suggests that, at 100nM at least, it was not acting
against any of the cannabinoids we investigated by blocking
ap-adrenergic or TRPVI receptors. Nor did 100nM THCV
antagonize (—)-7-hydroxy-cz|nnabicliol-dimelhylhep(yl. an
analogue of cannabidiol that has been postulated to act at
least in part through an as yel unidentified neuronal non-CB,
target in the vas deferens (Pertwee o/ al,, 2005).

The apparent Ky-value of THCV for its antagonism of THC
in the vas deferens (Table 2) is close (o its cannabinoid CB, K-
value (Figure 2) and to its apparent Ky-values for antagonism
of CP55940- or R-(+)-WIN55212-induced stimulation of
[*SIGTPsS binding to mouse brain membranes. These
findings are consistent with the hypothesis that THC and
THCV were competing for CB, receptors since there is good
evidence that it is mainly CB, receptors that mediate
cannabinoid-induced inhibition of electrically evoked contrac-
tions of the mousc vas deferens (reviewed in Howlett ¢r al.,
2002). Moreover, reported CB, Ki-values of the selective CB,
receptor antagonist, SR141716A (Howlett er al., 2002). also
approximate to its apparent Ky-value for antagonism of THC
in the mouse vas deferens (Pertwee ef af., 1995b). In contrast,
the apparent Ky-values of THCV for antagonism of R-(+)-
WINS5212, anandamide, methanandamide and CP55940 were
all significantly less than its cannabinoid CB, Ki-value. In spite
of these findings, however, it would be premature to conclude
that THCV antagonized these other cannabinoids in a manner
that was entirely CB, receptor-independent. Thus, firstly the
CB, sclective antagonist, SR141716A, antagonizes R-(+)-
WINS55212 in the mouse vas deferens no less potently than it
antagonizes THC (Pertwee ¢/ al.. 1995b), and sccondly
Schlicker et al. (2003) have found that R-(+)-WINS55212
inhibits evoked noradrenaline release in the vasa deferentia
obtained from CB;"/* mice but not in vasa deferentia from
CB{’~ mice, suggesting that R-(+)-WINS55212  might
not inhibit electrically evoked contractions of mouse vasa
deferentia that lack CB, receptors. It is also noteworthy that
although there is evidence that some central and peripheral
neurones express non-CB, receptors that can be activated by
R-(+)-WINS55212 and/or anandamide (reviewed in Pertwee,
2005b), the available data suggest that these are not targets at
which R-(+)-WIN55212, anandamide or CP55940 would be
antagonized by THCV. Thus, some of these proposed targets
are activated by capsaicin (Ross e/ al., 2001; Hajos & Freund,
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2002) or clonidine (Molderings et «af.. 2002), while others
appear not to be activated by CP355940 (Breivogel ef /., 2001;
Mang et al,, 2001; Zygmunt ¢f af., 2002). Yet. THCV produced
no antagonism of clonidine or capsaicin in the vas deferens
(see above), and was no less potent in antagonizing CP355940
than anandamide (Table 2).

The apparent Ky-value of THCV for its antagonism of
CP55940-induced activation of [“SJGTP+S binding to CHO-
hCB, cell membranes is essentially the same as its apparent
Ky-value for antagonism of CP55940 in the mouse vas
deferens (Tables | and 2). This raises the possibility that it is
cannabinoid CB, receptors for which THCV competes with
CP55940, and indeed with R-( +)-WINS53212, anandamide
and methanandamide, in this tissue preparation. However,
there are three reasons for rejecting this hypothesis, Firstly,
Rinaldi-Carmona er al. (1998) found that the apparent K-
value of SR144528 for its antagonism of C'55940 in the mouse
vas deferens (501 nM) greatly exceeded its hCB. K-value.
Sccondly, we have found that SR144528 produces no
significant antagonism of  R-(+)-WIN55212 in the vas
deferens (data not shown) even when administered at
concentrations (0.1 or 1 M) well above its apparent Ky-value
for antagonism of CP55940 in CHO-hCB. cell membranes.
Finally, while another CB, receptor antagonist, AMG30, has

been found to resemble THCV in producing an antagonisim of

cannabinoid receptor agonists in mouse vasa deferentia that is
agonist dependent, it differs from THCV in being more potent
against THC than against either anandamide or R + )-
WINS55212 (Pertwee ef al., 19954).

In conclusion, we have obtained evidence (rom compelitive
binding and GTPyS-binding experiments with mouse brain
and CHO-hCB, cell membranes that THCV is a competitive
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