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ABSTRACT. The binding of a classical cannabinoid agonist, [‘H]R-( +)-(2,3-dihydro-5-methyl-3-[(4_mor- 
pholinyl)methyl]pyrol[l,2,3-de]-1,4-b enzoxazin-6-yl)( l-napthalenyl)methanone monomethanesulfonate ( [3H] 
WIN55212-2), and a selective cannabinoid receptor (CB,) antagonist, N-(piperidin-l-yl)-5-(4schlorophenyl)- 
1-(2,4-dichloro~henyl)-4-methyl-1H-pyrazole~3~carb~~xamide hydrochloride ([3H]SR141716A), to rat cannahi- 
noid receptors was evaluated using rat cerebellar membranes. Guanine nucleotides inhibited [3H]WIN55212-2 
binding by approximately 50% at 10 FM and enhanced [3H]SR141716A binding very slightly. In the same 
tissue, the binding of guanosine 5’-O-[y-[3sS]thio]triphosphate ([35S]GTP-y-S) was characterized and the 
influence of cannabinomimetics evaluated on this binding. Cannabinoid receptor agonists enhanced [35S]GTP- 
y-S binding, whereas SR141716A was devoid of action by itself but antagonized the action of cannabinoid 
receptor agonists. The good correlation obtained between the half maximum efficient concentration (EC50) 
values in [35S]GTP-y-S binding and the 1~~~ values [‘H]WIN55212-2 b’ d‘ g h m m s ows that [ “S]GTP-y-S binding 
could be a good functional assay for brain cannabinoid receptors. BlOCHEM PHARMACOL 54;11:1267-1270, 1997. 
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Cannabinoid receptors have been described as G protein- 
coupled receptors and are sensitive to psychoactive ter- 
penes from Cannabis sativa as well as to synthetic com- 
pounds such as (cis)-3-(2-hydroxy-4-( l,l-dimethylheptyl) 
phenyll-(trans)-4-(3-hydroxypropyl)cyclohexanol (CP55940)$ 
or R-( +)-2,3-dihydro-5~methyl~3~[(4-morpholinyl)methyl]pyrol 
[ 1,2,3-de]- 1,4-benzoxazin-6-yl) (1 -napthalenyl) methanone 
monomethanesulfonate (WIN55212-2). A cDNA has been 
identified coding for a cannabinoid receptor (CB, receptor) 
which is present mainly in the central nervous system [l, 21. 
Stimulation of the CB, cannabinoid receptor inhibits 
adenylate cyclase in cultured cells [l-3] or brain tissue [4], 
suggesting that the coupling partner of the CB, receptor is 
G,. The pharmacology of the cannabinoid receptors has 
been studied in binding experiments using principally two 
agonist radioligands: [‘H]CP55940 and [3H]WIN55212-2 
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ro1[1,2,3-de]-1,4-henzoazin-6-y1)( l-napthalenyl)methanone mono- 
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[5-71. The first cannabinoid receptor antagonist described 
wasN-(piperidin-l-yl)-5-(4-chlorophenyl)-l-(2,4-dichloro- 
phenyl)-4-methyl-lH-pyrazole-3-carboxamide hydrochlor- 
ide (SR141716A) [8]. [3H]SR141716A is now available and 
has been shown to label high affinity sites in rat brain 
[9-111. 

In the present study we have examined the influence of 
the nonhydrolysable GTP analogue, guanosine 5’-0-(3- 
thiotriphosphate) (GTPq-S), on the binding properties 
of two radioligands, one agonist and one antagonist 
([‘H]WIN55212-2 and [3H]SR141716A, respectively), to 
rat cerebellar membranes. Moreover, receptor-stimulated 
[35S]GTP-y-S binding has been used in biochemical studies 
to measure the activation of G proteins by specific receptors 
[12, 131. For cannabinoid receptors, studies using rat brain 
slices or membranes and [35S]GTP-y-S binding have re- 
cently been published [14, 151. We describe here a charac- 
terization of [35S]GTP-y-S binding to rat cerebellar mem- 
branes and show that this assay could differentiate canna- 
binoid receptor agonists from antagonists. 

MATERIALS AND METHODS 
Chemicals 

[3H]WIN55212-2 (specific activity: 45.5 Ci/mmol) was 
obtained from N.E.N. and [3H]SR141716A (specific activ- 
ity: 40 Ci/mmol) from Amersham. WIN55212-2 and its 
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inactive enantiomer WIN55212-3 and methanandamide 
from R.B.I. SR141716A as well as CP55940 were synthe- 
sized in the chemistry department of Rh6ne-Poulenc Rorer. 
[35S]GTP-y-S (specific activity: 1250 Ci/mmol) was ob- 
tained from N.E.N. GTP-y-S was from Sigma as were 
anandamide, A”-tetrahydrocannabinol (A”-THC), 1 l-hy- 
droxy-A”-THC, cannabinol, cannabidiol, phenylmethylsul- 
fonylfluoride (PMSF) and fatty acid-free BSA. 

Binding of [3H]WlN55212-2 and L3H]SR141 716A to 
Rat Cerebellar Membranes 

Rat cerebellar membranes were prepared as previously 
described by Kuster et al. [7]. Binding to rat cerebellar 
membranes was carried out in a final volume of 500 FL of 
a 20 mM HEPES buffer (pH 7.4) containing 1 mM MgCl, 
and 0.5 mg/mL fatty acid-free BSA. Dilutions of 
WIN55212-2 and SR141716A and of the radioactive 
ligands were made in the incubation buffer containing 5 
mg/mL fatty acid-free BSA (final concentration of fatty 
acid-free BSA = 1.35 mg/mL). Routinely, 15 pg of protein 
were added to the incubation medium for 90 min at 30” 
with [‘H]WIN55212-2 (- 1 nM, 50,500 dpm) or for 90 min 
at 22” with [3H]SR141716A (-1 nM, 44,400 dpm) with or 
without the unlabelled l&and. Nonspecific binding was 
determined in the presence of 1 FM of WIN55212-2 or 
SR1417 16A, respectively. The incubation was terminated 
by filtration ( 12 mL of cold buffer) through Whatman GF/B 
filters pretreated for 3-4 hr with a solution of fatty acid-free 
BSA (5 mg/mL). Membrane-bound radioactivity was esti- 
mated by liquid scintillometry using Ready Sol? (Beck- 
man). All assays were run in triplicate. 

Binding of [35S]CjTP-yS to Rat Cerebellar Membranes 

Rat cerebellar membranes (15 Fg per tube) prepared as 
above were incubated with [35S]GTP-y-S (0.2 nM) in a 
final volume of 500 PL 20 mM HEPES buffer (pH 7.4) 
containing 1 mM MgCl,, 1 mM EGTA, 0.1 mM GDP and 
0.5 mg/mL fatty acid-free BSA with or without the com- 
pound to be tested. After a 90-min incubation at 30”, the 
medium was filtered (12 mL of cold buffer) through 
pretreated Whatman GF/B filters. Membrane-bound radio- 
activity was estimated as above. All assays were run in 
triplicate. Nonspecific binding was determined in the 
presence of 100 FM GTPq-S. 

RESULTS AND DISCUSSION 

New pharmacological tools for studying cannabinoid recep- 
tors have recently been described, including the synthetic 
agonist [3H]WIN55212-2 [7] and the Sanofi antagonist 
[3H]SR141716A [S]. The radiolabelled form of these two 
compounds provides the opportunity to study the modula- 
tion of agonist and antagonist binding to cannabinoid 
receptor by guanine nucleotides. The specific binding of 
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FIG. 1. Inhibition by WIN55212-2 and SR141716A of the 
binding of [3H]WIN55212-2 and [‘H]SR141716A in the 
absence or presence of GTP-y-S. Competition curves of +, 0 
WIN55212-2 , and 0, 0 SR141716A, for [‘H]WIN55212-2 
(upper panel) and [3H]SR141716A (lower panel). The dashed 
lines and open symbols represent competition curves obtained in 
the presence of 10 PM GTP-y-S. Each point is the mean f 
SEM of three to five separate experiments performed in tripli- 
cate. Under our conditions, total binding of [3H]WIN55212-2 
represents 2814 + 117 dpm and nonspecific binding 339 f 34 
dpm; for the binding of [3H]SR1417 16A: total binding = 
3824 f 127, and nonspecific binding 529 f 42 dpm. 

[3H]WIN55212-2 was reduced by GTP-y-S (46% at lo-5 
M), whereas the specific binding of [3H]SR141716A was 
not reduced by GTPq-S but rather slightly increased (24% 

at 10e5 M). WIN55212-2 and SR141716A dose depen- 
dently inhibited the binding of [3H]W1N55212-2, with an 
1c50 value of 3.10 -C 0.50 X lO_“M (nH = 0.85 ? 0.14) and 
of 5.20 ? 1.80 X lO_“M (nb, = 0.87 -C 0.03), respectively. 
In the presence of GTP-y-S (10 FM), the ~~~~~ values were 
5.20 -+ 1.00 x lo-“M (nH = 0.94 ? 0.19) and 5.40 + 
2.80 x lo-“M (q, = 0.71 + 0.04) for WIN55212-2 and 
SR1417 16A, respectively (Fig. 1). At this concentration of 
GTP-y-S (10 FM), [3H]WIN55212-2 binding capacity was 
decreased by approximately 50%. When binding experi- 
ments were performed with [3H]SR141716A, a small in- 
crease in binding capacity could be noted in the presence of 
10 PM GTP-y-S (see above). WIN55212-2 and 
SR141716A dose dependently inhibited the binding of 
[3H]SR141716A, with 1c50 values of 3.40 t 1.90 X 10e8 M 



Brain Cannabinoid Receptors and GTPq-S 1269 

TABLE 1. Comparison between the K&, value obtained in the inhibition of [3H]WIN55212-2 binding and the EC,, value obtained 

in the stimulation of [35S]GTP-yeS binding 

[3H]WIN55212-2 [3sS]GTP-y-S 

‘C50 ECso E max 

CP55940 
WlN55212-2 
WIN55212-3 
Cannabinol 
A’-THC 
1 l-hydroxy-A’-THC 
1 l-nor-As-THC-9-carboxylic acid 
11 -nor-A’-THC-9-carboxylic acid 
Anandamide 
Anandamide (+PMSF) 
Methanandamide 
Methanandamide (+PMSF) 
SR141716A 
CP55940 + SR141716A (1 PM) 
WIN55212-2 + SR141716A (1 /_LM) 
A’-THC + SR141716A (1 FM) 

2.0 2 1.0 x 10P”M 
3.1 t 0.5 x 10P”M 

>l x 10P5M 
2.0 2 0.3 x lo-‘M 
4.8 k 0.5 x 10-*M 
3.1 2 0.5 x lO@M 

1 x 10PiM 
1 x 10P5M 

1.5 ? 0.2 x lo-“M 
1.5 ? 0.5 x lo-‘M 
1.6 ? 0.1 x 1O-8M 

ND 
5.2 2 1.8 x 10P”M 

9 t 3 x IO-“M 
9.9 5 4.5 x 10P”M 

>l x lo-‘M 
1.7 ” 0.3 x 10P7M 
5.3 2 3.1 x 10P7M 
1.1 2 0.5 x 10P7M 

>l x 10P5M 
>I x 10P5M 

2.3 2 1.1 x lOPeM 
5.4 k 1.3 x 10P7M 
1.8 k 0.8 x 10P’M 
3.0 2 1.4 x 10P7M 

>l x 10P5M 
> x 10P5M 

>l x 10P5M 
>l x 10-5M 

200 ? 2% 
175 ? 10% 

130 ? 2% 
154 ? 8% 
162 ? 6% 

186 5 12% 
173 i- 12% 
204 2 17% 
179 2 14% 

The hlndmg as\nyr were performed wth [‘H]WIN55212-2 and [‘%]GTP-y-S as described in “Materials and Methods.” &ii and wiO data correspond to mean valuea i- SEM 

I,htained from three to aghr Independent experiments. BIndIn): dam were analyzed with Grnphl’ad I’rlsm “’ software. ND: nor determ~neii. E,,,,,, wab expressed ~n % of basal 

[‘?JGTP-y-S h,ndmg (m absence of cannahold receptor agonist). In a typical expermur, total [‘5S]GTP-y-S represenr 5300 Ip c m and non-specific hinding (m the presence of 

100 pM GTP-y-S) 135 dpm. When the I+. were compared with the c(:;~, the correlation coefilcient and the slope of the correlation curve were 0.88 and 1.24, respecr~vely. 

(n t1 = 0.53 + 0.01) for WIN55212-2 and of 2.50 ? 0.40 X 
10P”M (nH = 1.14 ? 0.14) for SR141716A, in the absence 
of GTPq-S. When GTPq-S (10 FM) was added to the 
incubation medium, the affinity of SR141716A did not 
change (rcso = 2.60 2 1.00 X lo-” M) ( nH = 0.84 + 
O.lO), but the affinity of WIN55212-2 decreased (1~~~ = 
4.00 rt 1.00 X 10e7 M) (nH = 0.56 ? 0.07) (Fig. 1). The 
resolution of [3H]SR141716A binding inhibition curves 
obtained with WIN55212-2 was also performed with a 
two-site model (Graphl’ad PrismTM). IC~~ values for 
WIN55212-2 were 2.80 X 10e9M and 1.25 X 10P7M 
without GTP-Y-S, whereas when 10 FM of GTPq-S was 
present the I+ values obtained were 3.00 X IO-“M and 
1.07 x 10-6M. 

The situation could be interpreted by the existence of 
multiple affinity states of the cannabinoid receptor [16, 171, 
and further work should provide a tentative model con- 
cerning the affinities of agonists and antagonists for both 
high and low affinity states of the receptor. 

One of the first biochemical events after agonist occu- 
pation of G protein-linked receptors is guanine nucleotide 
exchange. The validity of [‘5S]GTP-y-S binding as a 
functional measure of response has been demonstrated for 
other G protein-linked receptors [12, 131. Cannabinoid 
receptor agonists are able to stimulate the binding of 
[35S]GTP-y-S to membranes from rat cerebellum [15]. This 
provides a functional correlate of ligand-binding experi- 
ments. The most potent agonist was CP55940, which 
increased [35S]GTP-y-S binding by ca. 100%. The rank 
order of potency reveals the classical pharmacology of a 
brain cannabinoid receptor; Cl’55940 > WIN55212-2 > 
cannabinol > A9-THC > anandamide. Interestingly, the 
enantiomer of WIN55212-2, WIN55212-3, which is devoid 

of affinity, was also devoid of activity in [35S]GTP-y-S 
binding assay. Methanandamide is a stable analogue of 
anandamide and was thus more active. In the presence of 
PMSF (50 FM), the degradation of anandamide was re- 
duced, resulting in an increase in activity. There was a good 
overall correlation (r = 0.88; s = 1.24) between the 
ability of different cannabinoids to compete with 
[3H]WIN55212-2 binding on rat cerebellar membranes and 
to stimulate [35S]GTP-y-S binding on the same tissue 
(Table 1). SR141716A, described as a CB, selective antag- 
onist, was devoid of action when used alone (no effect on 
[35S]GTP-y-S binding at 0.1 and 1 FM, and only a slight 
diminution of [35S]GTP-y-S binding at 10 PM). When 
SR141716A (1 PM) was used with various concentrations 
of WIN55212-2, CP55940, anandamide or A”-THC, the 
effect of the agonist was antagonized. [35S]GTP-y-S bind- 
ing could thus be a suitable method to distinguish between 
agonists and antagonists at the brain cannabinoid receptors. 

Using the same preparation, we describe here the char- 
acteristics of the binding of an agonist ([3H]WIN55212-2) 
and an antagonist ([3H]SR141716A) and how these bind- 
ings are modulated by guanine nucleotides. A multiple state 
of affinity for the cannabinoid receptor seems to exist, but 
further studies are needed in order to determine how 
agonists and antagonists could interfere with the different 
states of the receptor. Finally, we demonstrate that canna- 
binoid receptor agonists are able to stimulate the binding of 
[35S]GTP-y-S to G proteins in rat cerebellar membranes. 
This assay provides a simple functional response for canna- 
binoid receptor agonists which could distinguish com- 
pounds with different intrinsic activities and, in combina- 
tion with classical binding studies, compounds with vari- 
able efficacies. 
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