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Cannabinoids throw up a conundrum
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The principal biologically active constituent of cannabis, A°-
tetrahydrocannabinol (THC) and its synthetic analogues
decrease neuronal signalling in the central, peripheral and
enteric nervous systems (Martin, 2002). Some neural effects
produced by cannabinoids have potential clinical benefits,
such as their analgesic and antiemetic actions. In the past
decade, several arachidonic acid derivatives such as ananda-
mide and 2-arachidonoylglycerol have been identified as
endogenous activators of two G protein-coupled cannabinoid
receptors. Postsynaptic activity stimulates endocannabinoid
synthesis, resulting in a retrograde action of endocannabi-
noids on cannabinoid receptors located on presynaptic
terminals. Through the use of cannabinoid receptor knockout
animals and the development of selective receptor antago-
nists, it has been possible to link many of the behavioural
and peripheral effects of cannabinoids to actions on the
endocannabinoid system.

Although cannabinoid receptors have been cloned and are
well-characterized, pharmacological studies with cannabinoid
ligands have continued to present conundrums. Some of the
neuronal, cardiovascular and gastrointestinal actions of
cannabinoids have been ascribed to mechanisms independent
of cannabinoid CB; and CB, receptors (Kunos et al., 2000;
Zygmunt et al., 2002). Moreover, anandamide appears to act
as an agonist at vanilloid VR; receptors (Smart et al., 2000).
Finally, the cannabimimetic eicosanoids, THC derivatives
(such as CP-55,940) and aminoalkylindole-based cannabi-
noids (WIN-55,212-2 is an example) inhibit 5-HT evoked
depolarization of rat nodose ganglion neurones. This effect
could not be attributed to cannabinoid receptors or indeed to
a G protein-coupled receptor, but rather to the ionotropic 5-
HTj; receptor (Fan, 1995).

Using 5-HT;4 receptor subunits expressed in HEK 293
cells, Barann er al. (this issue, 2002) report compelling
evidence that cannabinoids allosterically modulate this
ligand-gated ion channel. Chemically dissimilar cannabinoid
agonists inhibited 5-HT-induced cation conductance with a
rank order of potency that differed from their potencies in
stimulating cannabinoid receptors (Table 1). Moreover, the
inhibitory actions of WIN-55,212 were resistant to the
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cannabinoid CB; receptor antagonist, SR-141716A and the
presence of specific cannabinoid binding sites was not
detected in HEK 293 cells. These results suggest that the
inhibitory actions of cannabinoids are not mediated by
cannabinoid receptors, yet their actions were potent and
stereoselective. Thus, these lipophilic drugs appear to exert
their actions directly on the 5-HTsA receptor through a novel
modulatory site.

This modulatory action is non-competitive in nature, as
pre-treatment of the recombinant 5-HT;34 receptor with the
cannabinoid agonist WINS55,212-2 results in a suppression of
the maximal current evoked by 5-HT. The mechanism of this
antagonism is still not clear, although the required pre-
incubation and the lack of use dependence would seem to
rule out an open channel block. The allosteric site is distinct
from the 5-HT binding domain because the cannabinoids did
not alter the binding properties of the selective 5-HT3
receptor ligand [*H]-GR-65630. Given the high lipid solubility
of cannabinoid agonists, it seems reasonable to assume that
these compounds partition into the lipid bilayer and interact
with the transmembrane domains of this ionotropic receptor
(Figure 1). The 5-HTj3 receptor is structurally related to the
nicotinic acetylcholine, type A y-aminobutyric acid and
glycine receptors. Each of these ligand-gated ion channels
have allosteric modulatory sites (Belelli er al., 1999; Bullock
et al., 1997) and it would not be surprising if the 5-HT;
receptor possesses a similar site for non-competitive receptor
modulation. It is also possible that cannabinoids may act
through analogous allosteric sites in some of these other
ligand-gated channels to influence their ionic conductances.

The obvious question arises as to whether these cannabi-
noid receptor-independent effects are relevant in a physiolo-
gical setting. Both cannabinoid and 5-HT; receptors are
present in neuronal systems mediating similar functions. For
example, both synthetic A>-THC and 5-HT; receptor
antagonists such as ondansetron decrease nausea and
vomiting (Hornby, 2001). Indeed, the modulatory interaction
observed here may represent a component of cannabinoid
activity in vivo. Cannabinoid actions mediated by 5-HT;
receptors might be particularly pronounced in cannabinoid
receptor knock-out animals. Ultimately, the physiological
importance of 5-HT; receptor modulation by cannabinoids
will be buttressed by additional lines of evidence, such as the
demonstration that biochemical mechanisms for endocanna-
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Figure 1 Proposed model of the actions of cannabinoids on neuronal excitability mediated by G protein-coupled cannabinoid
receptors (CB-R) and ionotropic 5-HTj3 receptors (5-HT3-R). cAMP, cyclic AMP; Go;o, alpha subunit of inhibitory heterotrimeric

G protein; A°-THC, A°-tetrahydrocannabinol.

Table 1 Rank potency order of cannabinoid agonists at
recombinant 5-HT; and cannabinoid receptors

5-HT5 (Barann, 2002): A>THC > WIN-55,212-2>
anandamide > CP-55,940

CB, (Felder et al., 1995): CP-55,940 > A°-THC >
WIN-55,212-2 > anandamide

CB; (Felder et al., 1995): WIN-55,212-2 > CP-55,940 >
A°-THC > anandamide

binoid synthesis and degradation are located in close
proximity to the 5-HTj; receptor. Nevertheless, exogenous
cannabinoids are capable of modulating 5-HT-evoked
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currents at concentrations within the range of doses
producing psychoactive and therapeutic effects and it will
be interesting to ascertain whether 5-HT; receptors partici-
pate in mediating their actions.

Although it remains to be determined whether the
interaction of cannabinoids with 5-HTj receptors is physio-
logically significant, the pharmacological specificity of this
interaction raises the exciting possibility that a novel
modulatory site on the 5-HTj receptor exists. This site may
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puzzle and fascinate.
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