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Abstract

Affinities and efficacies of several reference cannabinoid ligands were investigated at central and peripheral cannabinoid receptors in three
different species (rat, mouse, and human). The tested compounds belong to different chemical classes such as classical and non-classice
terpene derivatives\®-THC, A°-THC, HU 210, CP 55,940, CP 55,244, CP 55,243 and CP 47,947), aminoalkylindole (WIN 55,212-2, WIN
55,212-3) and diarylpyrazole cannabinoids (SR 141716A, SR 144528). As cannabinoid receptors have been shown to be mainly coupled to
Gilo type G- proteins, and by using th&$]-GTPyS nucleotide binding modulation, we characterized the functional activity of these ligands
which can act as agonists (positive intrinsic activity), partial agonists (partial positive intrinsic activity), antagonists (no intririgig, activ
inverse agonists (negative intrinsic activity). To our knowledge, some derivatife$KIC, WIN 55,212-3, CP 55,243 and CP 47,947) have
never been characterized #¥$]-GTPyS binding assays and up to now, this study represents the largest survey of reference cannabinoids
performed in unique experimental conditions and in the same laboratory.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 1964 as the main active constituent of the he@gannabis
satival. extract, almost a quarter of the century has been
Since the discovery ofA®-tetrahydrocannabinol A°- needed to characterize the molecular pharmacology and the

THC) by Mechoulam in the 1960&@oni and Mechoulam,  biochemistry of cannabinoid receptors. Nowadays, albeit
some recent data have suggested that additional cannabi-
Abbreviations: CHO, Chinese hamster ovary cells; CP 55,940)-( noid receptors might exist, two cannabinoid receptor sub-
cis-3-[2-hydroxy-4-(1,I-dimethylheptyl)phenylirans-4-(3-hydroxypropyl) types have been described. The cannabinoid &Beptor
cyclohexan-1-ol; Gpp(NH)p, "guanylylimidodiphosphate; GTS, gua- (Matsuda et al., 1990; @ard et al., 1991 which was first
nosine-5-O-(3-thiotriphosphate); HU 210, §R)-trans-3-(1,I-dimethylhep- evidenced by autoradiography and radioligand binding stud-

tyl)-6,7,10,1@-tetrahydro-I-hydroxy-6,6-dimethylé-dibenzo[b,d]pyra- . .
n-9-methanol; PEI, polyethyleneimina8-THC, A8-tetrahydrocannabinol; Ies using ?H]'CP 55,940 was cloned from rat, human and

A9-THC, A%-tetrahydrocannabinol; SR 141716R(piperidin-l-yl]-5-(4- mouse tissues. Itis expressed in the brain and some peripheral
chlorophenyl)-I-(2,4-dichlorophenyl)-4-methyHpyrazole-3-carboxami- tissues including testis, ileum, urinary bladder and vas def-
de hydrochloride; WIN 55,212-2  mesylate R){(+)-[2,3-dihydro-5- erens. An alternative spliced form of the cannabinoid; CB

methyl-3-(4-morpholinylmethyl)pyrrolo[l,2,8€-1,4-benzoxazin-6-yl]-1- receptor, christened GR, has also been described, but so
naphthalenylmethanone

* Corresponding author. Tel.: +32 2 764 73 47; fax: +32 2 76473 63. @I, N0 peculiar property in terms of ligands recognition and
E-mail addresslambert@cmfa.ucl.ac.be (D.M. Lambert). receptor activation has been shown for this variatie
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Fig. 1. Structures of the different reference cannabinoids used in this &tBdfHC, AB-THC, HU 210, CP 55,940, CP 55,244, CP 55,243 and CP 47,947 are
classical and non-classical terpene derivatives, WIN 55,212-2 and WIN 55,212-3 are aminoalkylindole representatives and SR 141716A and &R 144528 a
diarylpyrazole cannabinoids.

SR 144528

et al., 199%. The human cannabinoid GBeceptor was dis-  approach Bouaboula et al., 1997; Rinaldi-Carmona et al.,

covered by sequence homologyiynro et al., 1993 it was 1998; MacLennan et al., 1998; Portier et al., 1999

predominantly detected in the immune system (spleen, ton-  The aim of this study was to characterize the affinities and

sils, immune cells) and further cloned from the mouSei(e efficacies of several cannabinoid liganBgy, 1) belongingto

et al., 1996 and recently from the ra@riffin et al., 2000; different chemical classes such as classical and non-classical

Brown et al., 200p terpene derivatives\®-THC, A°-THC, HU 210, CP 55,940,
Many authors used thé9S]-GTPyS nucleotide binding  CP 55,244, CP 55,243 and CP 47,947), aminoalkylindole

modulation to characterize the coupling of G-protein coupled (WIN 55,212-2, WIN 55,212-3) and diarylpyrazole cannabi-

receptors, specially when the receptors were coupled to Gi/onoids (SR 141716A, SR 144528) and to measure their in-

or Gs proteinsNilligan, 2003; Harrison and Traynor, 2003 fluence in the binding of¥PS]-GTPyS. To our knowledge,

Briefly, this derived binding technique allowed to charac- some derivativesA8-THC, WIN 55,212-3, CP 55,243 and

terize the activity of ligands at G-protein coupled receptors, CP 47,947) have never been characterized in this assay. Up to

including cannabinoid receptorSiM et al., 1995; Breivogel  now, this study constitutes the largest survey of cannabinoid

et al., 1998for a review,Pertwee, 1990but also alteration ligand affinities and efficacies performed in unique experi-

in the functional properties of receptors in several diseasesmental conditions.

(Berrendero et al., 2001This assay constitutes a functional

measure of the interaction of the receptor and the G-protein,

the first step in activation of the G-protein coupled receptors. 2. Materials and animals

In addition, it is possible to define the functional activity of

ligands as agonist (positive intrinsic activity), partial ago- 2.1. Drugs and chemical reagents and apparatus

nist (partial positive intrinsic activity), antagonist (no intrin-

sic activity), and inverse agonist (negative intrinsic activity). [3H]-SR 141716A (1.92 TBg/mmol, 52 Ci/mmol) and

The inverse agonist properties of the diarylpyrazole cannabi- [3°S]-GTPyS (370 MBg/ml, 1101 Ci/mmol) were from

noids, SR 141716ARinaldi-Carmona et al., 1994nd SR Amersham (Roosendaal, The NetherlandsfH]{CP

144528 Rinaldi-Carmona et al., 1998previously consid- 55,940 (3.737 TBg/mmol, 101 Ci/mmol) and 3H]-

ered as cannabinoid antagonists were evaluated using thisVIN 55,212-2 (1879.6 GBg/mmol, 50 Ci/mmol) were
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from New England Nuclear (Boston, MA). Fatty acid 2.4. Cell culture and preparation of CHO-GB or
free bovine serum albumin, dithiothreitol, GDP and CHO-CBh transfected cells membranes
Gpp(NH)p, A®-tetrahydrocannabinol A°>-THC) and AS8-
tetrahydrocannabinol8-THC) were purchased from Sigma Dr. P. Nokin and Dr. M. Detheux kindly provided CHO
(Boornem, Belgium). HU 210 was from Tocris Cookson cells stably transfected with the cDNA sequences encoding
(Bristol, UK). WIN 55,212-2 and WIN 55,212-3 were from either the human CBor CB, cannabinoid receptors, respec-
Research Biochemicals International (Boornem, Belgium). tively (Euroscreen S.A., Brussels, Belgium). The cells were
CP 55,940, CP 55,244, CP 55,243 and CP 47,947 weregrown in Nutrient mixture Ham’'s F12 supplemented with
generously provided by Pfizer Inc (Groton, CT, USA). SR 10% fetal calf serum, 2.ag/ml fungizone, 100 U/ml peni-
141716A and SR 144528 were generous gifts from Dr. F. cillin, 100 wg/ml streptomycin and 400g/ml G418. At con-
Barth and Dr. Moss respectively, from Sanofi-Synthelabo fluence, cells were trypsinized and collected by centrifugation
Research (Montpellier, France). GF/B filters were purchased at 100x g for 10 min. The following steps were performed at
from K-Lab. Aqualuma was from Lumac-LSC (Schaesberg, 0-4°C. Pelleted cells were lysed inice-cold 50 mM Tris—HCI
The Netherlands). All other reagent grade chemicals were ob-pH 7.4, and the homogenates were centrifuged at4Q@p
tained from Sigma—Aldrich—Fluka (Boornem, Belgium). All  for 10 min. The pellets were resuspended in the same buffer,
tested compounds were dissolved at4B! in dimethylsul- homogenized and centrifuged at 15,30@ for 10 min. The
foxide. The final dimethylsulfoxide concentration was less resulting pellets (membranes) were washed twice more in the
than 0.1%. The cell harvester was a 48-well Brandell cell same conditions. The protein concentration was measured as
harvester (Semat, UK). indicated above.

2.2. Preparation of membranes from rat cerebellum 2.5. Saturation and competitive binding assays

and/or mouse brain The competitive binding experiments were performed in

presence of the appropriate radioligands at 1 nRH]{SR
141716A, BH]-CP 55,940, H]-WIN 55,212-2) at 30C

in siliconized plastic tubes on membranes from rat cere-
bellum (20ug protein/tube), rat spleen (§@/tube), mouse
brain (100wg protein/tube), mouse spleen (@6/tube), or
transfected CHO cells (40g protein/tube) resuspended in
1 ml (final volume) binding buffer (50 mM Tris—HCI, 5 mM

Male Wistar rats (250-300g) and mice (18-27 g, OF1-
IOPS) were purchased from IFFA-CREDO (Les Oncins,
France). All experiments on animals were approved by the
local ethical committee and the housing conditions were
as specified by the Belgian Law of 14 November 1993
on the protection of laboratory animals (agreement no. LA

1230315). Cerebella and/or brains were carefully dlsseCtedMgCI2~6H20, 1mM disodium EDTA, 0.5% (w/v) bovine

on ice. All the manipulations were performed at 04 . .
; serum albumin, pH 7.4). Competitors were present at vary-
Rat cerebellum homogenates and mouse brain homogenates

were prepared in 50mM Tris—HCl pH 7.4 with a potter ing _concentranons and_ the non specific binding of the ra
. . ioligands was determined in the presence ofullDHU
and a Dounce and the suspension was centrifuged at 40 . . . . )
: 10. After 1 h incubation, the suspension was rapidly filtered
x g for 10 min. The supernatants were collected and cen-

0 ) ) )
rifuged at 39,000x g for 10 min. The resulting pellets through 0.5% PEI pre-treated GF/B glass .flber f|It¢rs on a

. . 48-well cell harvester and washed twice with 3 ml ice-cold
were resuspended in 50mM Tris—HCI pH 7.4, homoge-

nized and centrifuged again at 39,000 g for 10 min, binding buffer without bovine serum albumin. Radioactivity

. . on filters was measured with a Pharmacia Wallac 1810
The pellets were washed twice more in the same con- - P
. . : counter by liquid scintillation in 10 ml Aqualuma (Lumac,
ditions. The protein concentration was measured by the Schaesberg, The Netherlands). Similar binding conditions
Bradford assay Rradford, 1978, using Coomasie Blue 9. : 9

(Biorad, Belgium), with bovine serum albumin as a stan- were used when performing saturation binding assays with
dard. ’ [H]-SR 141716A, $H]-CP 55,940 or $H]-WIN 55,212-2

which were used at 0.5-50, 0.05-10 and 0.9—30 nM, respec-

tively. Assays were made in triplicates.
2.3. Preparation from rat or mouse spleen membranes

2.6. Binding of f°S]-GTPyS

Spleens from male Wistar rats (250-300g) and from

OF1-I0OPS mice (18-279) were carefully dissected on  The binding experiment was performed at'80in plastic
ice after peritoneal incision. All the manipulations were tubes containing 2Qg protein resuspended in 1 ml (final
performed at 0-4C. The spleens were cut in several volume) binding buffer (50 mM Tris—HCI (pH 7.4), 5mM
pieces and placed in a 50 mM Tris—HCI pH 7.4 solution MgCl,-6H,0, 1 mM disodium EDTA, 100 mM NaCl, 0.1%
containing 3mM MgC}, 1mM EDTA and 0.5% bovine  (w/v)bovine serum albumin) supplemented withidd GDP
serum albumin. The preparation of membranes was per-and 0.01 nM-10Q.M agonists or antagonists. The binding
formed according to the method describedHtitard et al. was initiated by the addition of$S]-GTPyS (0.05 nM final
(1999) concentration). Incubations were performed for 1h and
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Table 1
Determination oKp andBpax values on membranes from rat and mouse cerebella and spleens, and from huraad CB, receptors expressed in transfected

CHO cells

Species, source Radioligand used (1 nM final) Bmax (pmol/mg proteins) Kp (nM)
CBy
Rat, cerebellum 3H]-CP 55,940 140+ 0.33 208+ 0.32
[3H]-SR 141716A B2+0.12 313+0.16
Human, CB-CHO cells fH]-CP 55,940 126+ 4.14 473+ 1.32
[3H]-SR 141716A 4379+ 8.36 1390+ 2.48
Mouse, cerebellum 3H]-WIN 55,212-2 081+ 0.04 257+ 0.73
CB;
Rat, spleen JH]-CP 55,940 071+ 0.02 218+ 0.46
Human, CB-CHO cells BH]-WIN 55,212-2 10934 + 10.02 1202+ 1.29
Mouse, spleen 3H]-CP 55,940 (B1+0.03 335+ 0.45

Data shown are meah S.E.M. from three to six experiments performed in duplicates.

were terminated by addition of 3 ml of ice-cold washing ing both radioligands yieldinBmaxvalues 9—13 times higher
buffer (50 mM Tris—HCI (pH 7.4), 5mM MgG}6H,0, than the ones determined in rat cerebella, reflecting the ef-
1 mM disodium EDTA, 100 mM NaCl). The suspension was ficacy of transfection and expression. The comparison be-
immediately filtered through GF/B filters using a 48-well tween the data obtained using two different radioligands gave
cell harvester and washed twice with ice-cold binding buffer. a similar situation than the one observed in the rat cere-
Radioactivity trapped on the filters was counted as mentionedbella: the measureBmax values were significantly higher
above. The non-specific binding was measured in the pres-using the $H]-SR 141716A, compared to those obtained
ence of 10uM Gpp(NH)p. Assays were made in triplicates. with [3H]-CP 55,940. The density of cannabinoid receptors
measured using a radioligand agonist, t¢]{WIN 55,212-
2.7. Data analysis 2, in the mouse brain was almost similar to the one in the
rat.

Radioligand and nucleotide binding data were analysed The cannabinoid CB receptors have been studied in
by non-linear regression with the software GraphPad Prism, the three same species; the spleen was used as a source of
Version 3.00 (GraphPad, San Diego, CA). cannabinoid CBreceptors for the rat and the mouse. Unfor-
tunately, the CB selective radioligand antagonist]-SR
144528 was not commercially available albeit previously de-

3. Results scribed Geltzman et al., 20Qand in consequence, the non-
selective cannabinoid radioligand agonistslJFCP 55,940
3.1. Quantification of cannabinoid receptors and PH]-WIN 55,212-2 were used@ble 9. The expression

of the cannabinoid receptors in the spleen was significantly

Before determining the relative affinities of the cannabi- higher in the rat compared to the mouse. The density of
noid ligands, the quantification of cannabinoid receptors cannabinoid CB receptors expressed in CHO-cells was
was performed using commercially available radioligands very high Bmax value = 109.34+ 10.02pmol/mg pro-
in the three species (rat, mouse, human). In the latter teins).
case, two recombinant human cannabinoid receptors sta-
bly expressed in the CHO cell line were used. All the
data were summarized ifable 1 In adult rat cerebella
membranes, where only cannabinoid {CBeceptors are
abundant, saturation experiments were performed using two
radioligands: $H]-SR 141716A and3H]-CP 55,940. The
antagonist, H]-SR 141716A, labelling both the active and

100+
80+

604

(% of control)

[*H]-SR 141716A specific binding

inactive cannabinoid CBreceptors Kearn et al., 1999 404 ¢ aoTHG

allowed to detect a single population of binding site with 1Y Hu210

aKp value of 3.13+ 0.16 nM and &Bmax value of 3.32+ 2097 22 ?3’19741%;\

0.12 pmol/mg proteinr( = 3). Under the same conditions, PN R S e =

a Kp value of 2.08+ 0.32nM and aBmnax value of 1.40 12 11 10 9 -8 -7 6 -5 -4 -3

+ 0.33 pmol/mg proteinr( = 3) were obtained when the Drug (Log C)

cannabinoid radioligand agonisH]-CP 55,940 at 1 nM was

used. Fig. 2. Effect of HU 210 ¢), CP 55,940M) WIN 55,212-2 (), A%-THC

. . L (@) and SR 141716AK) on [*H]-SR 141716A binding on rat cerebella
Using the recombinanthuman cannab|n0|d1@€B:eptors, homogenates. Data are the mean from at least three separate experiments,

higher densities of cannabinoid receptors were measured USvyertical lines show S.E.M.
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Table 2

Determination of the affinities of reference cannabinoids (expressedijnom membranes from rat and mouse cerebella and spleens, and from human
cannabinoid CB and CB receptors expressed in transfected CHO cells usik-$R 141716A (CBr), [3H]-CP 55,940 (CBh, CBr and CBm) and
[3H]-WIN 55,212-2 (CBm and CBh)

CBar CB1m CB;h CByr CBxh
(cerebellum) (cerebellum) (CB;1-CHO) (spleen) (CB,-CHO)

CBom
(spleen)

Selectivity
(CB1h-CByh)

Radioligands §H]-SR 141716A $H]-WIN 55,212-2 BH]-CP 55,940 $H]-CP 55,940 $H]-WIN 55,212-2 fH]-CP 55,940 ApK;

Compounds
HU 210 8.56+ 0.13 9.49+ 0.26 8.76+ 0.06 7.35+ 0.22 8.84+ 0.26 7.25+0.19 —0.08
CP 55,940 7.42£0.08 9.524+ 0.13 8.18+ 0.02 N.D. 7.95+ 0.07 N.D. 023
CP 55,244 N.D. 9.5 0.03 8.99+ 0.08 N.D. 8.62+ 0.15 N.D. 037
CP 55,243 N.D. N.D. 5.1% 0.04 N.D. 5.12+ 0.05 N.D. 003
CP 47,947 N.D. N.D. 7.2%0.02 N.D. 7.04£0.13 N.D. 017
WIN 55,212-2  6.55+ 0.16 8.15+ 0.28 6.8+ 0.06 8.744 0.43 7.78+ 0.03 8.31+ 0.42 —-0.89
WIN 55,212-3 N.D. N.D. 4.98- 0.08 N.D. 4.44+0.38 N.D. 054
AB-THC N.D. 6.91+ 0.15 6.60+ 0.04 N.D. 6.38+ 0.10 N.D. 022
AS-THC 6.68+ 0.33 7.01+0.18 7.49+0.13 N.D. 6.51+0.15 N.D. 098
SR 141716A  8.91 0.10 8.03+ 0.25 7.48+0.16 5.79+ 0.74 5.67+ 0.15 5.77+ 0.31 181
SR 144528 N.D. N.D. 6.1% 0.22 7.06+ 0.21 7.46+ 0.08 7.13+0.50 -1.31

Data shown are mea#t S.E.M. from three to seven experiments performed in duplicates. N.D.: not determined. The selectivity has been determined by
comparing the K values obtained in CB—CBxh (ApK; = pK;CB1h — pK;CBzh).

3.2. Determination of the affinity on cannabinoid
receptors

AsKearn et al. (199%ave shown thafH]-SR 141716A,
an inverse agonist, labelled the active and inactive cannabi-
noid CB; receptors while the agonistH]-CP 55,940 la-

The affinities of a large set of cannabinoid ligands be- belled only the active cannabinoid GBeceptors, selected
longing to different chemical classes such as classical andcompounds (HU 210, CP 55,940, SR 141716A and WIN
non-classical terpene derivativea%THC, A%-THC, HU 55,212-2) were deeply studied using these two different ra-
210, CP 55,940, CP 55,244, CP 55,243 and CP 47,947),dioligands, i.e.H]-CP 55,940 and®H]-SR 141716A in the
aminoalkylindole (WIN 55,212-2, WIN 55,212-3) and di- human cannabinoid GBtransfected CHO cells. According
arylpyrazole cannabinoids (SR 141716A, SR 144528) were to these authors, thapK; obtained by the relatiompK; =
determined towards both types of cannabinoid receptors inpg; . —pKi , gave a first indication on

. . ([3H]-CP 55940) ([3H]-SR 141716A)

the three different species (human, rat, mouse). The datéihe function of the ligands: positivapK; were observed for
are summarized iffable 2 The displacement curves ob-  aq0njsts, while negative valugspK; were observed for in-
tained for these compounds in tied]-SR 141716A radioli-  yerse agonists. The respectivié; p- the ApK; are indicated
gand competitive assay on rat cerebella homogenates, in thig prackets — were: HU 210 = 8.260.06 and 7.74- 0.10
[3H]-CP 55,940 radioligand competitive assay on the human [1.02]: CP 55,940 =8.18 0.02 and 7.2% 0.17 [0.97]; WIN
cannabinoid CB transfected CHO homogenates (hCHO- 55,212-2 =6.89% 0.06 and 5.3% 0.03 [1.52]; SR 141716A
CB1) and in the $H]-WIN 55,212-2 radioligand compet- =7 48+ 0.16 and 8.62- 0.16 [1.14].
itive assay on the hCHO-GBhomogenates are shown in The selectivity towards the human cannabinoid receptors
Figs. 2, 3A and B and 4A and,Bespectively. has also been determinethple 9. Considering a difference
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Fig. 3. (A) Effect of AB-THC (O), A%-THC (#), WIN 55,212-3 @), CP 47,947 k), CP 55,244 4), CP 55,243 ) and SR 1445287)) on [*H]-CP 55,940

binding on human cannabinoid GBeceptors expressed in CHO cells. Data are the mean from at least three separate experiments, vertical lines show S.E.M.
(B) Effect of HU 210 (), CP 55,940M), WIN 55,212-2 ) and SR 141716AK) on [*H]-CP 55,940 binding on human cannabinoidaBceptors expressed

in CHO cells. Data are the mean from at least three separate experiments, vertical lines show S.E.M.
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(v) on [BH]-WIN 55,212-2 binding on human cannabinoid £Bceptors

expressed in CHO cells. Data are the mean from at least three separate experiments, vertical lines show S.E.M.

of one unitin the [ values, HU 210, CP 55,940, CP 55,244,
CP 55,243, CP 47,947, amf-THC were found non selec-
tive cannabinoid ligands whil&®-THC and SR 141716A
exhibited a CB, selectivity and SR 144528 showed a £B
selectivity Figs. 3A and B and 4A and)BWIN 55,212-2 ex-
hibited a slight preference for the cannabinoid,GBceptor
with a difference of 0.89 in thelfy values.

3.3. Influence of cannabinoid ligands on the binding of
[35S]-GTPyS in rat cerebella membranes

Optimization of cannabinoid agonist-induced®$]-
GTPyS binding was performed using the reference
cannabinoid agonist, HU 210. Maximal stimulation of
[35S]-GTPYS binding was obtained when the assay was
performed with 2Q.g protein resuspended in 1 ml (final
volume) binding buffer supplemented with g GDP
(range of GDP tested from O to pM, data not shown). The

of [3°S]-GTRYS to rat cerebella membranes is shown in
Fig. 5A and B. The pharmacological parameters (maximal
response and pEgvalues) obtained for a variety of natural
and synthetic cannabinoid receptor agonists are summarized
in Table 3 Among the drugs tested, HU 210, CP 55,940,
WIN 55,212-2 and CP 55,244 behaved as full agonists,
stimulating the $°S]-GTPyS binding up to about 300%

of basal. Partial responses were obtained using the natural
cannabinoid ligands\8-THC and A°-THC (41.3+ 5.9%

and 47.6+ 8.6% increase above basal). As expected, SR
141716A showed inverse agonist property as it decreased
the nucleotide binding by 305 2.1% as compared to basal,
albeit this effect was modest compared to the one measured
in transfected cells. However, contrasting with its nanomolar
affinity for the cannabinoid receptor measured in radioligand
binding assay, the potency of SR 141716A was in the sub-
micromolar range (pE§p of 6.34+ 0.15). SR 144528, WIN
55,212-3 and CP 55,243 exhibited also inverse agonists prop-

effect of some representative cannabinoids on the bindingerties.
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[3°S]-GTPyS binding on rat cerebella homogenates. Data are the mean from at least three separate experiments, vertical lines show S.E.M. (B) Effect of Cl
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Table 3
Determination of potency (pEfg) and percentage of basal maximal stimulatiBpx) of reference cannabinoids on membranes from rat cerebella and from

human cannabinoid GBand CB receptors expressed in transfected CHO cells

Compounds Clr CB;h CBxh

PEGso Emax (%) PEGso Emax (%) PEGso Emax (%)
HU 210 8.7740.21 203+ 14 10.114-0.21 67+ 10 9.22+0.18 461+ 6
CP 55,940 7.6%0.05 260+ 38 9.00+0.58 60+ 9 8.414+0.10 57+4
CP 55,244 9.03:0.22 232442 10.144+0.46 68+ 16 8.97+0.01 70+ 14
CP 55,243 a a 4.86+0.19 —83+10 6.34+0.07 47+ 8
CP 47,947 5.86:0.17 185+ 15 8.24+0.35 30+6 9.654+0.12 4946
WIN 55,212-2 6.6740.10 232+ 25 7.39+0.13 68+ 19 8.25+0.12 32+2
WIN 55,212-3 5.55-0.16 —-324+2 5.404+0.03 —43+6 5.544+-0.19 —-26+4
A8-THC 6.93+0.23 41+ 6 N.D. N.D. 8.88+0.18 -16+4
AS-THC 6.614+0.08 48+9 N.D. N.D. 7.63+:0.18 —27+1
SR 141716A 6.340.15 —-31+2 8.00+0.05 —84+1 5.964+0.02 —-73+1
SR 144528 4.56-0.10 —21+10 6.42+0.09 —30+3 8.67+0.07 —69+4

Data shown are meah S.E.M. from three to seven experiments performed in duplicates. N.D.: not determined.
a GraphPad Prism was not able to calculate neithersgB0r Emax.

3.4. Influence of cannabinoid ligands on the binding of ing ranking WIN 55,212-2 <HU 210-CP 47,947-CP 55,243

[35S]-GTPYS using transfected CHO cells expressing < CP 55,940 < CP 55,244. All the remaining compounds in-

human recombinant cannabinoid receptors cluding A8-THC andA®-THC behaved as inverse agonists.

Together, these results indicated that a same amplitude of re-

The effects of cannabinoid ligands on the stimulation of sponse was observed between the two recombinant receptors

the binding of f°S]-GTPyS in homogenates of transfected models in both maximal positive and negative stimulations

CHO cells expressing a high level of either human cannabi- of [3°S]-GTPyS binding.

noid CB; or CB; receptors are shown ifable 3 For the hu- In contrast, in the rat cerebellum, even if all the ligands

man cannabinoid CBreceptor Fig. 6A and B) as wellasfor ~ kept the same function, the results were different in terms

the rat CB receptor Fig. 5A and B), the ranking of the pEfg of amplitude. The positive stimulation induced by agonists

was asfollows: WIN55,212-2<CP 47,947 <CP 55,940<HU was by far higher, reaching 260%H,5x while the negative

210 < CP 55,244. Except for CP 47,947, thgax values of effect of inverse agonists was less pronounced approximately

the agonists reached almost 70% of the basal maximal stimu-—30%.

lation using the recombinant GBeceptor model suggesting

that CP 47,947 was the only partial agonist in this assay.

Four compounds behaved as inverse agonists (SR 1445284. Discussion

WIN 55,212-3, CP 55,243 and SR 141716A), with the high-

est negative effect of the binding o°B]-GTPyS observed The aim of this study was to compare the affinities and

in this study: it varied from-30 to —84%. On the human efficacies of several reference cannabinoids. To our knowl-

cannabinoid CB receptor Fig. 7A and B), the efficacy of  edge, some of them have not been characterized ift5§ [

stimulation Emay) by agonists was variable with the follow- GTPyS binding assays and the whole study represents the
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largest comparison of reference cannabinoids performed in0.02 pmol/mg protein, respectively in the rat spleen; Wigh

the same experimental conditions. andBpmax values of 3.35t 0.45nM and 0.3% 0.03 pmol/mg
The commercial availability of different cannabinoid radi- protein, respectively in the mouse spledlfle 1. Using
oligands such as the non selecti¥el[-CP 55,940 and3H]- the same rat spleen preparations, the specific binding of the

WIN 55,212-2 and the CBnverse agonisfH]-SR 141716A cannabinoid CB selective radioligand 3H]-SR 141716A,
allowed the characterization of the cannabinoid receptors inwas almost undetectable (not shown). Competition studies
the different species. In rat cerebella homogenates, the levelindicated that compounds WIN 55,212-2, HU 210 and SR
of cannabinoid receptors was around 1.40 pmol/mg proteins 144528 efficiently displaced theé’H]-CP 55,940 specific
when PHJ-CP 55,940 was used and 3.32 pmol/mg proteins binding (K; values of 8.74+ 0.09, 7.40+0.15 and 7.06
when PH]-SR 141716A was used. In the hCHO-Cprepa- + 0.21, respectively) whereas similar displacement was only
ration, the level of receptors was considerably higher and obtained with high concentrations of SR 141716K;(galue

the labelling by fH]-SR 141716A was superior than the one of 5.78+ 0.05) (Table 2.

performed with the agonistiH]-CP 55,940. Most of the lig- In the rat cerebellun?PS]-GTPyS assay, as previously re-
ands follow the same ranking of affinity for the cannabinoid ported, WIN 55,212-2, CP 47,947, HU 210, CP 55,940 and
CB; receptor in the mouse, rat and human. Slight differences CP 55,244 were characterized by a full agonist response and
were observed depending on the nature of the radioligand,their potency was in agreement with those reported in the lit-
the agonists exhibit higheip values versus the agonist ra- erature. The inverse agonist (negative intrinsic activity) prop-
dioligand compared to the inverse agonist radioligand. This erty of SR 141716A first described in transfected CHO cells
phenomenon was previously observedearn et al. (1999) expressing the human cannabinoid;GBceptor Bouaboula

As described in the literature, most of the classical and non- et al., 1997; Landsman et al., 19%hd also described in the
classical cannabinoids do not show absolute selectivity for rat (Kearn et al., 1999; Griffin et al., 1998vas confirmed
one subtype of cannabinoid receptor. The aminoalkylindole in our study. Thus, this compound decreased the nucleotide
WIN 55,212-2 was found gently selective for the cannabi- binding by 30.5% with an E&p of 445 nM. This moderate
noid CB, receptor. At the opposite)°-THC exhibited some  potency of SR 141716A in decreasing the receptor intrinsic
selectivity for the cannabinoid GBeceptor. The two inverse  activity was in contrast with its particularly high (nanomo-
agonists SR 141716A and SR 144528 were the more selectivdar) affinity measured in radioligand binding assays in the

compounds studied. same model and in identical condition (buffer, temperature,
The use of high affinity, but non discriminating €Bnd etc.). Indeed, some discrepancy between cannabinoid agonist
CB; receptor, radioligands such &{]-CP 55,940 andH]- affinity and potency was previously reportdatéivogel and

WIN 55,212-2 for studying the cannabinoid €&ceptorsin Childers, 200D However, previous characterization of the in-
the spleentissues merits some comments. Indeed, the mRNAserse agonist properties of SR 141716A revealed a markedly
of both cannabinoid CBand CB receptors have been de- higher potencyRan et al., 1998

tected in the spleen, but it was reported that cannabinoid Inthe nucleotide binding assay, the natural constituents of
CBy receptors were, by far predominant in this tisstet{atz hempCannabis sativaA8-THC andA®-THC, showed weak
etal., 1997. In the present study, the data strengthen this ob- efficacy, confirming that they act as partial agonists at the rat
servation. Saturation binding studies usidBJFCP 55,940 cannabinoid CBreceptor. This is in accordance wiiim et
revealed the presence of a single population of receptorsal. (1996who previously showed the partial activation of the
with Kp and Bpax values of 2.18+ 0.46nM and 0.7 rat cerebellar cannabinoid GBeceptor byA%-THC using
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the same experimental approach, bef@etitet et al. (1998)  receptors, CP 55,244 showed agonist properties, while CP
confirmed it.Burkey et al. (1997b¥showed the same effect 55,243 exhibited inverse agonist properties at thg @Bd
with mouse brain cannabinoid GBBurkey et al., 1997a)b partial agonist properties at the ¢B
In this connectionShen and Thayer (199%)ave presented The observation that the amplitude of the constitutive ac-
biochemical evidence that®-THC acts as a partial agonist tivity and consequently of the inverse agonist properties were
to modulate glutamatergic synaptic transmission in rat neu- different in the models studied here raised, once again, the
rones. Here, we presented data showing AfaTHC, differ- question of the relevance of the inverse agonism in physiolog-
ing by the double bond position from®-THC, also acted as ical conditions Costa and Herz (198®iginally found that
a partial agonist. The partial agonist properties of major ac- a delta opioid antagonist ICI 174864 modified the basal lev-
tive ingredients of the plant A%-THC andA8-THC — might els of response in NG108-15 cells, a phenomenon which was
have some relevance in human clinics, regarding to its mild abolished by another opioid receptor antagonist. The con-
addictionMartin et al. (1999%uggested that the side-chain of cept of inverse agonism was born. Albeit it is not limited to
tetrahydrocannabinol was the key structural feature to delin- G-proteins coupled receptors, itis now widely evidenced. Ina
eate between the agonists, partial agonists and antagonistgecent review, Terry Kenakin surveyed the activity of 380 an-
Indeed, all the cannabinoids studied here and exhibiting atagonists on 73 G-protein coupled receptors: 322 were inverse
dimethylheptyl chain were able to stimulate tReq]-GTPyS agonists and 58 were found neutral antagonigengkin,
binding and acted as full agonists. Even CP 55,940 previously 2004 see also supplemental table). Among the G-proteins
reported byGriffin et al. (1998)as a partial agonist was, in  coupled receptors, the inverse agonism at cannabinoid re-
our hands, able to robustly activate the receptor witkag ceptors has also been described and was recently reviewed
of 260+ 38% and fulfilled the criteria of an agonist. Inter- (Pertwee, 2008 Therein, the author summarized the inverse
estingly, the so-called “inactive enantiomer” WIN 55,212-3, cannabimimetic effects produced by SR 141716A both in
albeit a weak affinity, exhibited a significant inverse agonist vitro and in vivo and discussed the inverse agonism in terms
effect. of “two-state” and “three-state” model of G-protein coupled
Using the hCHO-CB assay, several issues needed to be receptor.
addressed. First, all the agonists approximately displayed the Here, we showed that rat cerebellum and human cannabi-
same efficacy withEmax values between 32 and 70%. Sec- noid receptors expressed in CHO cells constituted two dif-
ond, all the compounds exhibiting inverse agonists propertiesferent models for studying the cannabinoid receptors. Both
might be divided in two groups. The less active enantiomer models shared some characteristics: constitutive activity and
WIN 55,212-3 and the natural cannabinoid§-THC and inverse agonism were present, with, however, differences in
AS-THC showed a weak negatiEmay value around 30%,  amplitude regarding the positive and negatives responses. In
while the two diarylpyrazole SR 141716A and SR 144528 few words, the rat cerebellum seemed to be amodel where the
were more efficient in the suppression of the constitutive ac- cannabinoid receptor exhibited a relatively modest constitu-
tivity of the cannabinoid receptor. Interestingly, our study, tive activity, estimated by the negative effects of SR 141716A
to our knowledge, constituted the first report that the nat- (—30%) but was also prone to be highly activated by agonists
ural cannabinoids acted as inverse agonists at the humanEmax almost reached 250%). The observation that the den-
cannabinoid CB receptor, using the’}S]-GTPyS binding sity of cannabinoid receptors was, by five-fold, higher when
assay. Based on results of adenylate cyclase activities, a parit was measured by3H]-SR 141716A rather by3H]-CP
tial agonism of A°-THC was first proposed bBayewitch 55,940 was also in accordance with a model of modest con-
et al. (1995)for the cannabinoid CBreceptor. One year  stitutive activity. The human cannabinoid receptor expressed
later, the same team reported an antagonist activitx bf in CHO cells constituted a model with a high receptor con-
THC. These authors showed thaf-THC antagonised the  stitutive activity, a pronounced negative effect induced by
agonist-induced inhibition of adenylyl cyclase mediated by inverse agonists and a relatively modest stimulatiod 8
the cannabinoid CBreceptor Bayewitch et al., 1996 Uti- GTPyS binding induced by agonists. The inverse agonism is,
lizing CHO and COS cells transfected with the cannabinoid at least for the human cannabinoid O®ceptor, a molecular
receptors, respectively with the rat and the human sequencegroperty. IndeedHurst et al. (2002klegantly demonstrated
for the cannabinoid CBand CB receptors, they showed that the lysine residue at 3.28 (192) is playing a pivotal role
that, even ifA°-THC bound to both receptors with similar ~ for the inverse agonist properties of SR 141716A. In addi-
affinity, it differently acted at the transduction level. How- tion, in a study aiming to demonstrate the existence of neu-
ever, in contrast to its capacity to serve as an agonist for thetral antagonists of the rat cannabinoid recept@svaerts et
cannabinoid CBreceptorA°-THC was only able to induce  al., 2004, we showed some evidence using CHO cells ex-
a modest inhibition of adenylyl cyclase at the cannabinoid pressing different densities of cannabinoid receptors that the
CB; receptor. density of receptors also played a major role in the ampli-
Regarding another cannabinoid, the behaviour of the ‘lesstude of the responses of full agonists but did not modify, in
active enantiomer’ CP 55,243 differed from the one of the a dramatic extent, the negative effects of SR 141716A. The
‘mostactive’ CP 55,244. In presence of rat or human cannabi- cannabinoid agonist HU 210 was able to positively stimulate
noid CB; receptors as well as in presence of cannabinoig CB the [F°S]-GTPYS in both clones; however, the stimulation
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was the highest when the receptor density was the lowest:dealing with their effects on the immune responses. In addi-
the Emax expressed percentages of stimulation above basaltion, these two compounds, even they did not bind with high
dropped from 270% (similar to the value observed here using affinity to the cannabinoid receptors, constitute interesting
the rat cerebellum) to approx. 70%, when the density of re- templates for the precise understanding of the molecular ori-
ceptors increased. Despite the numerous evidences of inversgins of partial and inverse agonism properties at cannabinoid
agonism and constitutive activity at cannabinoid receptors, receptors.

the physiological relevance of inverse agonism remains to be
fully understood. Very recenti5avinainen et al. (2003%-
ported an optimised approach to study endocannabinoid sig-
nalling which provides evidence against constitutive activity Acknowledgements
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