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Inverse agonism at cannabinoid receptors
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Abstract

There are at least two types of cannabinoid receptor, CBj and CB2, both G protein coupled. CE^
receptors are expressed predominantly at nerve terminals and mediate inhibition of transmitter
release. CB2 receptors are found mainly on immune cells, one of their roles being to modulate
cytokine release. Endogenous ligands for these receptors (endocannabinoids) also exist. These
discoveries have prompted the development of CBi- and CB2-selective agonists and antagonists. The
latter include the CBrselective SR141716A and LY320135 and the CB2-selective SR144528 and
AM630, all of which appear to be inverse agonists. Indeed, antagonists without inverse agonist
activity have yet to be developed. As most experiments directed at investigating inverse agonism at
cannabinoid receptors have been performed with SR141716A, this review focusses on this agent. It
presents evidence that the endocannabinoid system is tonically active and that this activity can stem
both from ongoing release of endocannabinoids and from the presence of constitutively active CBi
receptors. Thus, SR141716A seems to induce some inverse cannabimimetic effects by opposing
responses to endogenously released endocannabinoids and other such effects by decreasing tonic
activity induced by constitutively active CBj receptors. The interaction of SR141716A with
constitutively active receptors is discussed in terms of "two-state" and "three-state" models.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Cannabinoid receptors; Inverse agonism; SR141716A; Two-state model; G protein sequestration

1. Introduction

Many of the effects of cannabinoids are mediated by specific cannabinoid receptors,
two types of which have so far been identified: CBj and CB2. As detailed elsewhere [1],
both are coupled through G¡/0 proteins, negatively to adenylate cyclase and positively to
mitogen-activated protein kinase. In addition, CBi receptors are positively coupled to
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inwardly rectifying and A-type potassium channels and negatively coupled to N-type and
P/Q-type calcium channels, again through GI/O proteins. Other effector systems for the CBi
receptor have also been proposed [1]. CBi receptors are present in the central nervous
system as well as in certain neuronal and nonneuronal peripheral tissues [1], At the
neuronal level, some central and peripheral CBi receptors are located at nerve terminals,
where they inhibit neurotransmitter release when activated. In contrast, CB2 receptors are
found mainly in cells of the immune system [1]. Another important recent discovery has
been that mammalian tissues produce cannabinoid receptor agonists, the most important of
which are arachidonoyl ethanolamide (anandamide), 2-arachidonoyl glycerol and 2-
arachidonyl glyceryl ether [1]. Endogenous cannabinoids (endocannabinoids) and their
receptors constitute the 'endocannabinoid system'.

Numerous cannabinoid receptor ligands are now available [1]. Whilst some of the
agonists are CBr or CB2-selective, the most widely used lack this selectivity. They
include the synthetic cannabinoids, £-(+)-WIN55212, CP55940 and HU-210, and the
plant cannabinoid, A9-tetrahydrocannabinol [1], Antagonists have also been developed
and the most important of these are the CBrselective SR141716A, AM251, AM281 and
LY320135, and the CB2-selective SR144528 and AM630 [1]. This chapter reviews
evidence that cannabinoid CB j receptors can exist in a constitutively active state and that
SR141716A is an inverse agonist rather than a "pure" or "silent" antagonist. LY320135,
AM281, SR144528 and AM630, may well also be inverse agonists for CB! or CB2

receptors [1], as may AM251. However, the evidence for this is limited and because of
space constraints will not be discussed further here.

2. SR141716A produces inverse cannabimimetic effects

There are a number of reports that when administered by itself, either in vivo or in vitro,
SR141716A can produce inverse cannabimimetic effects, i.e., effects that are opposite in
direction to those produced by the activation of CB! receptors. For example, in contrast to
CB! receptor agonists, SR141716A increases locomotor activity [2,3], augments intestinal
and colonic motility [4,5], exacerbates spasticity and tremor in a mouse model of multiple
sclerosis [6], produces emesis [7] and signs both of hyperalgesia [8] and of improved
memory [9,10], enhances central and peripheral neurotransmitter release [11-18],
decreases appetite [11], lowers milk ingestión by mouse pups [19] and reduces CBj
receptor signalling [11,20-29]. The ability of SR141716A to enhance transmitter release
may well account for the increases that it induces in the amplitude of electrically evoked
contractions of some isolated nerve-smooth muscle preparations [18,30—35] as there is
good evidence that these preparations contain CBi receptors that can mediate inhibition of
evoked contractile transmitter release [36,37]. It is apparent from these findings that
inverse in vitro effects of SR141716A have been observed not only in experiments with
cells that have been transfected with CBi receptors and that therefore presumably
overexpress these receptors but also in cells or tissue preparations in which CB] receptors
are expressed naturally. For some measured responses, an inverse cannabimimetic
response to SR141716A has been observed in certain investigations but not in others.
For example, SR141716A does not always elicit hyperalgesic responses [8]. There have
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also been experiments in which SR141716A has been found to block the inhibitory effect
of a CBi receptor agonist on the evoked release of a transmitter without augmenting
release of the same transmitter when administered by itself [38-40].

3. Antagonism of endogenously released endocannabinoids

There is evidence that SR141716A produces at least some of its inverse cannabimimetic
effects by antagonizing responses to endogenously released endocannabinoids. For
example, Christopoulos et al. [34] found the amplitude of electrically evoked contractions
of the rat isolated vas deferenstobe enhanced by SR141716Aandtobe attenuated not only
by CBi receptor agonists but also by phenylmethylsulphonyl fluoride, an irreversible
inhibitor of the hydrolysis of anandamide and 2-arachidonoyl glycerol by fatty acid amide
hydrolase. Hence, in this tissue preparation at least, SR141716A, may have produced its
inverse cannabimimetic effect by competing for CBj receptors with an endogenously
released endocannabinoid that was acting through these receptors to reduce twitch
amplitude. Another example concerns retrograde inhibition of glutamate and/or "y-amino-
butyric acid release from central neurons which can be induced in hippocampal or
cerebellar tissue by intense electrical stimulation that seems to trigger the postsynaptic
release of endocannabinoid molecules onto presynaptic CB! receptors [15,17,41]. This
electrically evoked inhibitory effect on transmitter release is mimicked by #-(+)-WTN55212
and opposed by SR141716A [15,17]. There are also reports that increases in anandamide
concentrations occur in rat periaqueductal gray after either electrical stimulation of this
brain area or subcutaneous injection of a nociceptive/inflammatory dose of formalin into
the hind paw [42], that local release of anandamide and 2-arachidonoyl glycerol produces a
tonic inhibition of colonic propulsion in mice [5] and that concentrations of both these
endogenous cannabinoids are elevated in the brains and spinal cords of spastic mice with
chronic relapsing experimental allergic encephalomyelitis (CREAE), an autoimmune
model of multiple sclerosis [43]. Hence, SR141716A may produce hyperalgesia in rats,
increase colonic propulsion in mice and exacerbate spasticity and tremor in CREAE mice
[5,42,43] by opposing responses to endogenously released endocannabinoids.

4. Some inverse cannabimimetic effects of SR141716A may be induced in the absence
of endocannabinoids

Whereas some of the inverse cannabimimetic effects of SR141716A may result from
antagonism by this agent of endogenously released endocannabinoids, there is good
evidence that not all of them do. Thus, Bouaboula et al. [20] reported that culture
supernatants from hCBi-transfected Chinese hamster ovary (CHO-hCB^ cells in which
SR141716A produced inverse cannabimimetic effects did not inhibit cAMP production in
U373-MG cells, a cell line in which CBj agonists readily produce this effect. This suggests
that the culture supernatants were devoid of endocannabinoids. MacLennan et al. [21]
found that the CB! receptor partial agonist, cannabinol [11], did not share the ability of
CP55940 and £-(+)-WIN55212 to enhance GTP-yS binding to CHO-hCB! membranes,
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suggesting that this plant cannabinoid possesses insufficient efficacy to produce detectable
CBj receptor activation in this bioassay. They also found that whilst SR141716A inhibited
OTP-yS binding to the membranes, cannabinol did not, even when it was applied at a
concentration 100 times higher than its K\ for displacing [3H]CP55940 from hCB! binding
sites. This suggests that there were no endogenous CBi agonist molecules present for the
cannabinol to antagonize and hence that the inhibitory effect of SR141716A was most
probably due to inverse agonism. More recently, Sim-Selley et al. [28] found that although
SR141716A is expected to antagonize endocannabinoids at concentrations in the low
nanomolar range, its EC50 for inhibition of basal GTP-yS binding to rat cerebellar
membranes was 4.4 uM. This would suggest either that the membrane preparation
contained very high concentrations of endocannabinoids or, more probably, that this
inverse cannabimimetic effect of SR141716Awas not due to endocannabinoid antagonism
but rather to inverse agonism.

There are also some reports that phenylmethylsulphonyl fluoride lacks cannabimimetic
activity in certain broken-cell or tissue preparations in which SR141716A induces inverse
cannabimimetic effects. Two examples are CHO-CB! cell membranes in which
SR141716A can inhibit GTP-/S binding and the myenteric plexus-longitudinal muscle
preparation of guinea-pig small intestine in which SR141716A can increase the amplitude
of electrically evoked contractions [21,30]. These findings have been taken to indicate that
endocannabinoids were not present in either preparation and that the observed inverse
effects of SR141716A must therefore have been due to inverse agonism rather than to
endocannabinoid antagonism. Two implicit assumptions are that these preparations are
able to metabolize endocannabinoids and that this metabolism can be prevented by
phenylmethylsulphonyl fluoride. Certainly, this appears to be so for the myenteric
longitudinal muscle preparation as the ability of anandarnide but not of CP55940 to
inhibit electrically evoked contractions of this tissue is markedly potentiated by phenyl-
methylsulphonyl fluoride [44]. There is also evidence that values of the affinity of
anandarnide for transfected hCBi receptors in broken cell preparations are greater when
these are determined in the presence of phenylmethylsulphonyl fluoride than when they
are determined in its absence (see Table 2 in Ref. [11]).

5. SR141716A-induced inverse agonism and the two-state model

The evidence that SR141716A does not produce all of its inverse cannabimimetic
effects by antagonizing responses to endogenously released endocannabinoids has
prompted attempts to explain SR141716A-induced inverse agonism in terms of a 'two-
state model' [20,45-47]. According to this model,

• CBj receptors should exist mainly in two interchangeable states, a constitutively active
"on" state in which they couple spontaneously to their signalling pathways to produce
background tonic activity even in the absence of an agonist and an inactive "off" state
which lacks constitutive activity.

• In its "on" state, the CBi receptor should be coupled to G protein in an active GTP-
bound form (R*GGTp)-
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• In its "off" state, the CQ\ receptor should be coupled to G protein in an inactive GDP-
bound form (RGGDP). Alternatively, the "off" state of the CBj receptor might be
uncoupled from G protein (R).

• CBi agonists should have higher affinity for the "on" state so shifting the equilibrium
towards this state.

• CBi inverse agonists should have significantly higher affinity for the "off" state so
shifting the equilibrium towards this state.

• A pure CB ¡ antagonist should have equal affinity for both receptor states, so leaving the
equilibrium between the putative "on" and "off" states unchanged.

Hence, the CB] receptor may isomerize between at least two states, either
R*GGTP<=»RGGDP or R*GGTP<=>R. It is possible to identify a number of criteria that
should be fulfilled if either of these variants of the two-state model does indeed provide a
valid explanation for the ability of SR141716A to produce at least some of its inverse
cannabimimetic effects. These criteria are listed below in italics together with some
discussion about the extent to which the criteria are fullfilled.

• Inverse cannabimimetic effects produced through the proposed two-state mechanism
should be receptor-mediated and therefore concentration-related and saturable.
SR141716A has been found to exhibit both these properties, for example, in its inverse
(inhibitory) effect on OTP-yS binding to CBi receptors in rat cerebellar membranes [28],
mouse whole brain membranes [29] and CHO-hCB] cell membranes [21]. Other examples
include its inverse (enhancing) effects on forskolin-stimulated adenylate cyclase activity in
CHO-hCB! cells [20] and on calcium currents in rat or human CBi-transfected rat superior
cervical ganglion neurons [22].

• CB] receptors should contain at least two sets of binding sites, each with a different
affinity for CB¡ receptor ligands. Saturation binding experiments performed with
[3H]CP55940 and [3H]SR141716A using rat cerebellar membranes have yielded data
suggesting the presence of two populations of CBi receptors each with a different affinity
for [3H]CP55940 and hence the presence of these receptors in two states: R* (30% of the
receptors) and R (70% of the receptors) [45]. At concentrations below 2 nM, [3H]CP55940
bound almost exclusively to one of these populations, presumed to be the receptors in the
putative R* state. The hypothesis that SR141716A produces its apparent inverse agonist
effects by binding to a site other than the agonist binding site is supported by the
demonstration that it has been possible to find a hCBi mutant, K192A hCBb with which a
particular concentration of SR141716A can interact to produce antagonism but not inverse
agonism [22]. Thus, at 1 ¡-iM, SR141716A behaved as an inverse agonist in rat superior
cervical ganglion neurons transfected with wild-type hCB! receptors but not in neurons
transfected with K192A hCB, receptors. However, in both cell lines, £-(+)-WINS5212
showed CB! agonist activity that could be attenuated by 1 uM SR141716A. These
findings suggest that these mutant CBi receptors are able to adopt the "on" state and that
they do not readily isomerize to the "off" state. In K192A hCBi receptors, lysine-192 in
the third transmembrane domain has been replaced with alanine, raising the possibility that
the inverse agonist site may be present in the transmembrane III region [28]. On the other
hand, since there is evidence that transmembrane regions IV and V are particularly
important for binding SR141716A to the CB] receptor, it could be that the agonist site to
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which SR141716A binds to produce competitive antagonism may reside in these regions
[28]. Also consistent with the hypothesis that SR141716A produces at least some of its
inverse cannabimimetic effects by binding to a site on the CB¡ receptor that is distinct
from the agonist binding site are reports that in some bioassay systems, its potency for CBi
antagonism is markedly different from its inverse agonist potency. Thus, Sim-Selley et al.
[28] have found SR141716A to be much less potent in inhibiting GTP"/S binding to rat
cerebellar membranes than in antagonizing 7?-(+)-WIN55212-induced stimulation of
GTP"/S binding to these membranes. SR141716A has also been found to exhibit higher
potency as a CBj antagonist than as an inverse agonist in experiments in which the
measured response was propulsive activity of mouse or rat small intestine in vivo [48-50],
spontaneous acetylcholine release in prefrontal cortex and hippocampus in vivo [51,52] or
electrically evoked release of noradrenaline in guinea pig hippocampal slices [38]. These
findings raise the possibility that there is a low concentration range within which
SR141716A is, in effect, a pure CB! receptor antagonist and that it is only at concen-
trations above this range that it begins to exhibit inverse agonist activity as well as other
actions (see below). Thus, like many other receptor ligands, SR141716A may have a
limited selectivity window within which it exhibits just one main action, in this case pure
CBi receptor antagonism.

8 CB¡ receptors should contain binding sites that can isomerize between t\vo states in
a manner consistent with the proposed t\vo-state mechanism for SR141716A-induced
inverse agonism. In experiments in which they constructed competition isotherms for
displacement of [3H]SR141716A from cerebellar CB] receptors by each of four
cannabinoid receptor agonists, Kearn et al. [45] have obtained evidence for the presence
of two sets of CBi agonist binding sites on these receptors. As discussed elsewhere
[20,45], the R*GGTP<=>R variant of the two-state model predicts that nonhydrolysable
analogues of GTP such as CTP-yS and 5'-guanylylimidodiphosphate will decrease
agonist binding and increase inverse agonist binding by favouring the "off" state of
the receptor at the expense of the R*GQTP state. In binding experiments with CHO-hCBi
cell membranes, Bouaboula et al. [20] found that OTP-yS did indeed produce a dextral
shift in the log concentration response curve of CP55940 for displacement of
[3H]SR141716A from CBi binding sites and a leftward shift in the corresponding log
concentration response curve of SR141716A for displacement of [3H]CP55940 CB!
binding. Kearn et al. [45] found that in the presence of 5'-guanylylimidodiphosphate,
there was a marked decrease in the proportion of CBi receptors in rat cerebellar
membranes with high affinity for [3H]CP55940, and also that in the presence of this
GTP analogue, competition isotherms for displacement of [3H]SR141716A by cannabi-
noid receptor agonists fitted best to a single binding site model. Interestingly, in their
experiments, Bouaboula et al. [20] found that GTP^S was significantly more potent at
decreasing CP55940-induced displacement of [3H]SR141716A than at augmenting
displacement of this radioligand by SR141716A. This observation prompted them to
propose that inverse agonism at the CB! receptor is best explained in terms of a three-
state model in which the receptor can switch between one "on" state (R*GQTP) and
either of two "off" states (RGGop and R).

• An agonist should be more potent at displacing [3H]CP55940 than [3H]SR141716A
from CB i receptors whilst an inverse agonist should be more potent against
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[3H]SR141716A than against [3HJCP55940. Results from competition binding assays
with rat cerebellar membranes have shown cannabinoid receptor agonists to be much less
potent at displacing [3H]SR141716A (in the presence of S'-guanylylimidodiphosphate)
than at displacing [3H]CP55940 [45].

• Any factor that increases the apparent constitutive activity ofCB¡ receptors should
produce an increase in inverse agonist potency and a reduction in agonist potency. Nie
and Lewis [47] found that the hCI^-417 receptor, in which the C-terminal tail has been
truncated by deletion of amino acids 418—472, shows signs of enhanced constitutive
activity. Thus, increases in calcium current induced by 1 uM SR141716A were signifi-
cantly greater in rat superior cervical ganglion neurons transfected with the mutant
receptors (101%) than in neurons that had been transfected with wild-type hCBt receptors
(43%). Conversely, 1 uM ^-(+)-WIN55212 produced significantly less inhibition of
calcium current in hCB]-417 neurons (23%) than in wild-type hCB, neurons (44%).
These and other results obtained from experiments with hCBr417 receptors also suggest
that the distal C-terminal tail of the wild-type hCB i receptor acts to oppose transition of
the inactive "off" state of the receptor to its active "on" state [47].

There is evidence that, at least when transfected into cells, the CBi receptor can
sequester G proteins such that these proteins are no longer available for coupling to other
G protein coupled receptors. There are also reports that this apparent G protein
sequestration by transfected CB! receptors can be enhanced by SR141716A. More
specifically, Vásquez and Lewis [46] showed that transfection of hCB j receptors into rat
superior cervical ganglion neurons could decrease a2-adrenoceptor and somatostatin
receptor signalling in these neurons in a manner that could be prevented by injecting
GotoB, Gfit and Gj3 cDNAs to increase the expression of G,/0 proteins. They also found
that a2-adrenoceptor and somatostatin receptor signalling in these hCB! neurons could be
further reduced by SR141716A. Similar results have been obtained in experiments with rat
superior cervical ganglion neurons transfected with hCBr417 receptors [47]. These are
mutant receptors that show signs of enhanced constitutive activity (see above) and, in fact,
the hCBr417 receptors sequestered G proteins to a greater extent than wild-type hCBt

receptors, as measured by reductions in ct2-adrenoceptor signalling. These findings support
the R*GGTP<=>RGGDP variant of the two-state model of inverse agonism by suggesting
that SR141716A induces G protein sequestration by trapping the hCBi receptor in a G
protein coupled "off" state (RGODP). Interestingly, rat superior cervical ganglion neurons
transfected with hCBrD164N receptors in which an aspartate residue in the second
transmembrane domain has been replaced with asparagine show no detectable sign of
constitutive activity and lack any ability to sequester G proteins from native a2-
adrenoceptors either in the absence or in the presence of SR141716A [47]. In line with
the two-state model, 1 |_iM SR141716A produced much less of an inverse effect in these
neurons (12%) than in neurons transfected with wild-type hCBi receptors (60%), as
measured by enhancement of calcium current. Since Ji-(+)-WIN55212 readily inhibited
calcium current in the hCBrD164N neurons, these results suggest, firstly, that the hCBj-
D164N receptor normally exists in a G protein uncoupled R state that can be transformed
by CBi agonist molecules into an active R*GGTP state (R*GGTP'=>R) and, secondly, that
the presence of aspartate-164 is a prerequisite both for the coupling of the putative inactive
state of the wild-type hCBj receptor to G proteins (the RGGDP state) and for transition to
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the R*GGTP state when CBj agonist molecules are absent [47]. It is noteworthy that 100
nM SR141716A has been found to prevent activation of MAP kinase by insulin and
insulin-like growth factor 1 in CHO-hCBi cells, evidence that this agent can also suppress
signalling by tyrosine kinase-linked receptors [20].

6. Other actions of SR141716A

The ability of SR141716A to induce an inverse (enhancing) effect on calcium currents
in rat CBi-transfected rat superior cervical ganglion neurons [22], an inverse (inhibitory)
effect on GTP"/S binding to membranes of hCBptransfected CHO cells [21], an inverse
(inhibitory) effect on MAP kinase basal activity in CHO-hCB! cells [20] or an inverse
(enhancing) effect on forskolin-stimulated adenylate cyclase activity in CHO-hCB i cells
[20] cannot be detected in neurons or CHO cells that have not been transfected with CBj
receptors. Consequently, it is likely that CBi receptors have the ability to mediate
SR141716A-induced inverse cannabimimetic effects. However, this does not exclude
the possibility that there may be tissues that contain other molecular targets with which
SR141716A can interact to produce inverse cannabimimetic effects. Evidence for the
existence of one such molecular target comes from experiments with brain tissue obtained
from CBi knockout (CBf 7~) mice. Thus, Breivogel et al. [29] found the potency of
SR141716A for inducing an inverse (inhibitory) effect on OTP-yS binding to be
approximately the same in whole brain membranes from CB\'~ mice (IC50 = 5.7 \iM)
as in whole brain membranes from wild-type (CBt7 +) mice (IC50 = 4.7 uM). There was
evidence that as well as containing SR141716A-sensitive sites, the CBf' ~ mouse brain
expressed a previously uncharacterized non-CB], non-CBa G protein coupled receptor that
is activated by jR-(+)-WIN55212 and anandamide, as measured by the enhancement of
GTP"/S binding, but not by other established CBl/CB2 agonists (A9-THC, CP55940 and
HU-210). Membranes obtained from CBf 7 ~ mouse brain or spinal cord were found to
contain specific binding sites for [3H]#-(+)-WIN55212 and [3H]SR141716A but not for
[3H]CP55940. As the distribution patterns of [3H]#-(+)-WIN55212 and [3H]SR141716A
CBf7^ binding sites were different, it is unlikely that SR141716A is a ligand for the
proposed new J?-(+)-WIN55212/anandamide receptor or indeed that it inhibits GTP-yS
binding to CBf' ~ brain membranes by acting through these receptors. At concentrations
above 1 uM, SR141716A was found to attenuate the stimulatory effects of anandamide
and #-(+)-WIN55212 on GTP-yS binding to CBf 7 ~ membranes. However, this attenu-
ation could be attributed entirely to the inhibition of [35S]GTP-YS binding that SR141716A
produced by itself in the same concentration range. The basis of this inhibitory effect
remains to be established. SR141716A (1 LiM) has also been reported to reverse R-(+)-
WTN55212-induced inhibition of glutamate release in hippocampal slices obtained from
CBf '~ mice [53]. It is noteworthy, therefore, that Breivogel et al. [29] did not detect
[3H]SR141716A binding sites in CBf'^ hippocampal membranes.

In some in vitro experiments, the inverse cannabimrmetic effects of SR141716A have
been investigated using concentrations of 1 \\M. or above. It is worth bearing in mind,
therefore, that although SR141716A does have significantly higher CB! than CB2 affinity,
it can bind to CB2 receptors at concentrations in the micromolar and high nanomolar range
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[11]. Moreover, at 1 |¿M and above, SR141716A behaves as a CB2 inverse agonist as
measured by inhibition of [35S]GTP7S binding to CHO-hCB2 cell membranes [21]. There
is also evidence from other in vitro experiments that SR141716A antagonizes anandamide-
induced vasodilation in the mesenteric arteries of CBf' ~~ mice at 1 and 5 uM [54], opposes
the ability of capsaicin to increase cytosolic calcium concentrations in hVRl-transfected
human embryonic kidney 293 cells at 2.5 \iM [55] and inhibits anandamide hydrolysis by
fatty acid amide hydrolase at 30 uM [56]. In addition, there are reports that at 10 \iM,
SR141716A antagonizes capsaicin-induced vasodilation of rat isolated hepatic arteries [57]
and acetylcholine-induced relaxation of rabbit preconstricted isolated superior mesenteric
arteries [58], and blocks gap junctions between COS-7 cells [58] and potassium and L-type
calcium channels in rat isolated mesenteric arteries [59].
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Discussion 7

T. Costa
SR141716A is a fantastic ligand because it is sort of an inverse agonist with the ability to

enhance constitutive interaction between receptor and G protein, as opposed to those that
are instead inhibiting the constitutive activity. So we may really define the inverse agonist
as a ligand different from the negative antagonist. SR141716A has a behaviour which is in
part that of an agonist, because it promotes the receptor to do something. Unlike the agonist,
though, that something results in inhibition. This behaviour differs from that of other
ligands which are really doing the opposite of what the agonist does, and thus are on the
other edge of efficacy. So I think we may really take this case for distinguishing inverse
agonists like SR141716A from negative antagonists.

P. Strange
Well, it was much the same as Costa has just said, actually. But it was to comment

really about what was hi the original paper. They didn't suggest the two-state model. They
suggested this idea of sequestering an inactive receptor with the G protein attached.

R. Pertwee
Yes, there wasn't time, but I tried to stress in my talk that I agree with what was

previously said. However, even though the model I talked about is very limited, it is useful
as an operational model.

P. Strange
But the simple data that you showed were in that paper, and they dismissed it, for

reasons which I think are probably not correct, and then went on to the sequestration.
R. Pertwee
And they came up with a three-state model.
A. Newman-Tancredi
You touched an interesting question in your slide on further issues. You showed that

Lewis' lab demonstrated that expression of CB! induced loss of 0.2 response. Is anything
known about whether activation of a.2 changes the profile of inverse agonism at CBi?

R. Pertwee
I am not aware of any evidence for that, although clearly, it would be something worth

exploring.
G. Milligan
I'm afraid I don't know Lewis' work terribly well, but I can imagine some very nice

experiments where you could actually test that sequestration model rather more directly. I
mean, did they try to make use of eliminating the G proteins with pertussis toxins, and then
reintroducing the type of mutants that Gardella was talking about, to literally see if you
could restore essential pertussis toxin insensitive signalling through sequestration?

R. Pertwee
That's a very interesting idea, I don't think they've done that, but it's obviously

something worth trying.




