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Summary

Cannabis is the unique source of a set of at least 66 compounds known collectively as cannabinoids. Of these,
most is known about the pharmacology of �9-tetrahydrocannabinol (�9-THC), the main psychoactive constituent
of cannabis, and about cannabidiol (CBD), which lacks psychoactivity. Accordingly, this paper focuses on the
pharmacological and therapeutic targets of these two cannabinoids. Many of the effects of �9-THC are mediated
by cannabinoid receptors of which at least two types, CB1 and CB2, are present in mammalian tissues. Endogenous
agonists for cannabinoid receptors have also been discovered. CB1 receptors are present at the terminals of central
and peripheral neurones, where they modulate transmitter release. They also exist in some non-neuronal cells. CB2

receptors are expressed mainly by immune cells, one of their roles being to alter cytokine release. �9-THC also
appears to have non-CB1, non-CB2 pharmacological targets. It is already licensed for clinical use in the U.S.A. as an
anti-emetic and appetite stimulant and both �9-THC and �9-THC-rich cannabis extracts show therapeutic potential
as neuroprotective and anticancer agents and for the management of glaucoma, pain and various kinds of motor
dysfunction associated, for example, with multiple sclerosis and spinal cord injury. CBD has much less affinity for
CB1 and CB2 receptors than �9-THC and its pharmacological actions have been less well characterized. Potential
clinical applications of CBD and CBD-rich cannabis extracts include the production of anti-inflammatory and
neuroprotective effects, the management of epilepsy, anxiety disorders, glaucoma and nausea, and the modulation
of some effects of �9-THC.

Abbreviations: CBD: cannabidiol, THC: tetrahydrocannabinol

Introduction

Cannabis sativa is the unique source of a set of more
than 60 oxygen-containing aromatic hydrocarbon com-
pounds known collectively as cannabinoids (Table 1).
It also contains a number of other compounds of po-
tential interest, including at least 120 different ter-
penes and 21 flavonoids (reviewed in ElSohly, 2002).
Of these cannabis constituents, most is known about
the pharmacology of two of the cannabinoids: (–)-
�9-tetrahydrocannabinol (�9-THC; Figure 1), which
is psychoactive, and (–)-cannabidiol (CBD; Figure 1)

which is not (reviewed in Grotenhermen, 2002; Iversen,
2000, 2003; Paton & Pertwee, 1973a, 1973b; Pertwee,
1988, 2004c, 2004d). This paper focuses on the actions
and therapeutic potential of these two cannabinoids.

Pharmacological targets for ∆9-THC

Since �9-THC has high lipid solubility and low wa-
ter solubility, it was long thought to owe its phar-
macological properties to an ability to perturb the
phospholipid constituents of biological membranes in
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Table 1. Cannabinoid constituents of Cannabisa

Cannabinoid type Numberb

�9-tetrahydrocannabinol 9

�8-tetrahydrocannabinol 2

Cannabidiol 7

Cannabigerol 6

Cannabichromene 5

Cannabicyclol 3

Cannabielsoin 5

Cannabitriol 9

Miscellaneous 11

Cannabinolc >1

Cannabinodiolc >1

Reviewed in ElSohly (2002).
aPlant cannabinoids are also known as phytocannabinoids.
bNumber of cannabinoids of this type.
cCannabinol and cannabinodiol are probably air-oxidation
artifacts derived from tetrahydrocannabinol and cannabid-
iol respectively.

a structure-dependent manner (reviewed in Pertwee,
1988). Whilst it remains possible that this is one of its
actions, research begun in the 1980’s has now firmly
established that mammalian tissues contain at least two

Figure 1. The structures of the plant cannabinoids, (–)-�9-
tetrahydrocannabinol ((–)-�9-THC) and (–)-cannabidiol ((–)-CBD),
and of synthetic analogues of (–)-�8-THC (O-2050) and (–)-CBD
(O-2654) (see the section on Bioassays for �9-THC and CBD).

Table 2. Cannabinoid CB1 and CB2 receptors

Receptor type CB1 CB2

Cloned Yes Yes

Coupled to G proteins Yes Yes

Some effector systems identified Yes Yes

Selective agonists Yes Yes

Selective antagonists/inverse agonists Yes Yes

Endogenous agonists Yes Yes

Present in brain and spinal neurones Yes No

Present in some peripheral neurones Yes No

Present at some nerve terminals Yes No

Modulates neurotransmitter release Yes No

Present in other cell types (e.g. immune cells) Yes Yes

Reviewed in Howlett et al. (2002).

types of pharmacological receptor for �9-THC. These
are cannabinoid CB1 and CB2 receptors (Table 2) (re-
viewed in Howlett et al., 2002; Pertwee, 1997). �9-
THC acts as a partial agonist at both these receptor
types, exhibiting lower CB2 than CB1 efficacy. Indeed,
it is presumably because of its rather low CB2 efficacy
that �9-THC has been found to behave as a CB2 recep-
tor antagonist in at least one in vitro bioassay system
(Bayewitch et al., 1996).

CB1 and CB2 receptors are both coupled through
Gi/o proteins, negatively to adenylate cyclase and pos-
itively to mitogen-activated protein kinase. CB1 recep-
tors are also coupled through Gi/o proteins to certain ion
channels, positively to A-type and inwardly rectifying
potassium channels and negatively to N-type and P/Q
type calcium channels and to D-type potassium chan-
nels. CB1 receptors can also act through Gs proteins to
activate adenylate cyclase. Additional signalling mech-
anisms for cannabinoid CB1 and CB2 receptors have
been proposed and descriptions of these can be found
elsewhere (Howlett et al., 2002).

CB1 receptors are present in the central nervous
system and also in some peripheral tissues including pi-
tuitary gland, immune cells, reproductive tissues, gas-
trointestinal tissues, sympathetic ganglia, heart, lung,
urinary bladder and adrenal gland (reviewed in Howlett
et al., 2002; Pertwee, 1997). Many CB1 receptors are
to be found at central and peripheral nerve termi-
nals and an important function of these receptors is
to suppress the release of a range of neurotransmitters
(Howlett et al., 2002). Much less is known about the
role of CB2 receptors although it is very likely that
this includes immunomodulation as CB2 receptors are
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expressed mainly by immune cells, particularly B-cells
and natural killer cells (reviewed in Howlett et al., 2002;
Pertwee, 1997). One important role of CB2 receptors
may be to regulate cytokine release in health or disease
(Howlett et al., 2002; Molina-Holgado et al., 1999). If
this is true, then a common property of CB1 and CB2

receptors would be the ability to modulate ongoing
release of various chemical messengers, CB1 recep-
tors from neurones and CB2 receptors from immune
cells.

Within the brain, the distribution of CB1 recep-
tors is heterogeneous, brain areas that express this
receptor type including the cerebral cortex, hippocam-
pus, caudate-putamen, substantia nigra pars reticulata,
globus pallidus, entopeduncular nucleus, cerebellum,
periaqueductal grey, rostral ventromedial medulla, su-
perior colliculus and certain nuclei of the thalamus
and amygdala (Herkenham et al., 1991; Pertwee, 1997,
2001). This distribution pattern accounts for several
prominent pharmacological properties of �9-THC, for
example their ability to impair cognition and mem-
ory and to alter the control of motor function. It also
accounts for the ability of these agonists to produce
analgesia in humans and antinociception in animal
models both of acute pain and of tonic pain induced
by nerve damage or by the injection of an inflam-
matory agent. More specifically, as detailed elsewhere
(Pertwee, 2001), CB1 receptors that mediate the anal-
gesic/antinociceptive effects of cannabinoids seem to
be located not only in the brain but also on the termi-
nals of neurones that project from the brain stem to the
spinal cord and/or on intrinsic spinal neurones. There
are also CB1 receptors at the central and peripheral
terminals of primary afferent neurones, both on small
diameter C-fibres and on larger diameter Aβ and/or Aδ-
fibres. The presence of significant numbers of CB1 re-
ceptors on these larger diameter primary afferent fibres
helps to explain the efficacy shown by CB1 receptor
agonists against signs of neuropathic pain in animals
since this kind of pain is thought to be elicited in part by
abnormal spontaneous discharges of myelinated Aβ-
and Aδ-fibres. CB2 receptors, and possibly other types
of cannabinoid receptors yet to be characterized, may
also contribute to the analgesic/antinociceptive effects
of cannabinoids (Hanus et al., 1999; Hohmann et al.,
2004; Pertwee, 2001; Quartilho et al., 2003).

CB1 and CB2 receptors also serve as targets for
endogenous agonists, all of which are eicosanoids
(reviewed in Howlett et al., 2002; van der Stelt &
Di Marzo, 2004). Among these “endocannabinoids”
are arachidonoylethanolamide (anandamide) and

2-arachidonoyl glycerol, both of which are synthesized
on demand rather than stored. Following their release
these endocannabinoids enter cells by a combination
of simple diffusion and facilitated, carrier-mediated
transport (reviewed in Hillard & Jarrahian, 2003).
They are then metabolized by intracellular enzymes,
anandamide by fatty acid amide hydrolase and 2-
arachidonoyl glycerol mainly by monoacylglycerol
lipase (monoglyceride lipase) (reviewed in Cravatt
& Lichtman, 2002; Dinh et al., 2002; Ueda, 2002;
van der Stelt & Di Marzo, 2004). Endocannabinoids
together with cannabinoid receptors constitute what
is now usually referred to as the “endocannabinoid
system.”

Whilst there is little doubt that CB1 receptors medi-
ate many of the central effects of �9-THC that are listed
in Table 3, there is also evidence for the existence of
other non-CB1, non-CB2 pharmacological targets for
this cannabinoid (reviewed in Pertwee, 2004a). These
are listed below.

• Non-CB1, non-CB2, non-TRPV1 (vanilloid VR1)
receptors on capsaicin-sensitive perivascular sen-
sory neurons that induce the release of calcitonin
gene-related peptide when activated (Zygmunt et al.,
2002). These may be ANKTMI ion channels which,
like TRPV1 receptors, belong to the transient recep-
tor potential (TRP) family of ion channels, are im-
plicated in the detection of noxious cold and appear
to be insensitive both to the CB1 receptor agonists,
HU-210 and CP55940, and to the endocannabinoids,
anandamide and 2-arachidonoyl glycerol (Jordt
et al., 2004).

• A novel CB1 receptor subtype in spinal cord though
which �9-THC can induce antinoception in rats and
mice (reviewed in Howlett et al., 2002; Pertwee,
2001).

• Allosteric sites on 5-HT3 receptors at which �9-
THC inhibits 5-HT3 receptor currents (reviewed in
Pertwee, 2004a) with greater potency (EC50 = 38.4
nM) than synthetic cannabinoids that are more po-
tent than �9-THC as CB1 or CB2 receptor agonists
(Barann et al., 2002).

• Sites at which �9-THC (and CBD) inhibit delayed
rectifier potassium currents (Mamas & Terrar, 1998;
Poling et al., 1996).

• Sites on neuronal transporters of dopamine and no-
radrenaline at which transport is enhanced by low
nanomolar concentrations of �9-THC and inhibited
by higher concentrations of this cannabinoid (re-
viewed in Pertwee, 1988).
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Table 3. Some in vivo effects in man of �9-THC or of cannabis that
are most probably attributable to �9-THC

Effects that have therapeutic potential

Analgesia, including relief from neuropathic and inflammatory
pain

Effects on motor function, including relief from muscle spasms
and spasticity

Neuroprotection

Inhibitory effects on gastro-intestinal tract motility

Anti-emetic effect

Reduction of intra-ocular pressure

Facilitation of sleep

Appetite stimulation

Inhibitory effect on cancer cell proliferation

Effects contributing to the “high”

Elevation of mood

Laughter

Loquacity

Effects on perceptiona

Feelings of increased insight and significance

Other effects

Impairment of cognition, learning and memory

Impairment of the ability to concentrate

Impaired psychomotor performance; ataxia; tremor

Sense of unreality, depersonalization and detachment

Fragmentation of thoughts

Feelings of panic or anxiety; dysphoria

Production/exacerbation of psychotic symptoms; paranoia

Effects on cardiovascular function including tachycardia and
postural hypotension

Conjunctival reddening, reduced tear flow; dry mouth

Nausea and occasional vomiting

Effects on endocrine and reproductive function

Effects on thermoregulation

For references see Grotenhermen (2002), Iversen (2000), Murphy
(2002), Paton & Pertwee (1973a), Pertwee (1985) and sections on
Pharmacological targets for �9-THC, �9-THC and CBD are both
neuroprotective agents and Therapeutic targets for �9-THC and
CBD.
aFor example, colours appear more vivid, music seems more pleasant
and felt time passes more slowly than clock time.

• Sites on neuronal transporters of 5-HT, γ -
aminobutyric acid and choline at which �9-THC
augments or inhibits transport (reviewed in Pertwee,
1988).

• Binding sites on catecholamine and benzodiazepine
receptors (reviewed in Pertwee, 1988).

• Phospholipase A2 which can be activated by �9-
THC (reviewed in Pertwee, 1988).

• Cyclo-oxygenase and monoamine oxidase which are
inhibited by �9-THC (reviewed in Pertwee, 1988).

• Membrane phospholipids (reviewed in Pertwee,
1988).

The extent to which these proposed non-CB1, non-
CB2 targets contribute to particular pharmacological
effects produced by �9-THC remains to be established.

Pharmacological targets for CBD

CBD is of interest because it produces several phar-
macological effects which may come to have clinical
applications (Table 4). It is unlikely that CB1 and CB2

receptors play a major role in the production of these
effects as CBD has much lower affinity for these re-
ceptors than �9-THC, and as it appears to have other
pharmacological targets with which it interacts more

Table 4. Some in vivo effects of CBD

Effect

Anxiolytic

Anticonvulsant

Anti-inflammatory

Neuroprotective

Anti-emetic

Inhibitory effect on L-DOPA-induced dystonia

Prolongation of pentobarbitone- and hexobarbitone-induced sleepa

Induction of the microsomal enzymes, CYP2B, CYP2C and
CYP3A

Attenuation of some effects of �9-THCb

Enhancement of some effects of �9-THCc

Antipsychoticd

Appetite suppressantd

Sleep-promoting effectd

Inhibitory effect on cancer cell proliferationd

Reduction of intra-ocular pressured

L-DOPA, L-dihydroxyphenylalanine.
For references see Pertwee (2004c,d).
aThrough the inhibition of cytochrome P450 (CYP) enzymes.
bFor example, �9-THC-induced “high”, feelings of panic or anxiety
and impairment of the ability to concentrate in human subjects and
�9-THC-induced aggression and convulsions in animals.
cFor example, �9-THC-induced inhibition of intestinal motility in
mice and �9-THC-induced reductions of food and water intake in
rats.
dOnly limited evidence.
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readily (Table 5). Still to be established, however, is the
extent to which these and/or as yet unidentified targets
for CBD mediate each of the effects listed in Table 4. In-
terestingly, (+)-CBD has greater CB1 and CB2 affinity
than its natural (–)-enantiomer, as do certain structural
analogues of (+)- and (–)-CBD (reviewed in Pertwee,
2004c).

∆9-THC and CBD are both
neuroprotective agents

As discussed in greater detail elsewhere, �9-
THC and CBD both possess anti-oxidant (electron
donor) activity that is sufficient to protect neurones
against oxidative stress associated, for example, with
glutamate-induced excitotoxity (El-Remessy et al.,
2003; Fowler, 2003; Hampson et al., 1998; Hampson
et al., 2000; Marsicano et al., 2002; Mechoulam et al.,
2002; Pertwee, 2004c, 2004d; Platt & Drysdale, 2004;
van der Stelt et al., 2002). This property is shared by
other cannabinoids that contain a phenol group, irre-
spective of whether or not they bind to CB1 or CB2

receptors, whilst several non-phenolic cannabinoid re-
ceptor agonists have been found to lack anti-oxidant
activity (Marsicano et al., 2002). �9-THC and CBD
may also induce neuroprotection through additional
mechanisms, for example, �9-THC by acting through
presynaptic receptors to inhibit glutamate release from
neurones and/or calcium entry into neurones through
N and P/Q type channels (Fowler, 2003; Mechoulam
et al., 2002; Pertwee, 2004a; van der Stelt et al., 2002)
and CBD (1 µM) by opposing the release of calcium
from intracellular stores stimulated by metabotropic
glutamate receptor activation (Drysdale et al., 2004).
As well as possessing neuroprotective activity, �9-
THC and CBD have the ability to induce signs of pro-
grammed (apoptotic) or unprogrammed (necrotic) cell
death in some biological systems (Downer et al., 2003;
Drysdale et al., 2004; Gallily et al., 2003; McKallip
et al., 2002; Platt & Drysdale, 2004).

Bioassays for ∆9-THC and CBD

For �9-THC, the most commonly used in vivo bioassay
is the mouse tetrad, in which its ability to produce hy-
pokinesia, hypothermia, catalepsy in the Pertwee ring
test and antinociception in the tail-flick or hot plate test
is determined in the same animal (reviewed in Howlett
et al., 2002; Martin et al., 1995; Pertwee, 2004b).

Table 5. Some putative pharmacological targets for CBD

Effective CBD
Targets concentrations

Up to 1 µM

Mitogen-induced cytokine release (modulation) 0.032 to 64 µM

Reactive oxygen species (anti-oxidant activity) 0.1 µM

CYP (P450) enzymes (inhibition) 0.1 µMa

Neuronal calcium channels (blockade) 0.1 to 1 µM

Cell viability processes (enhancement and
inhibition)

0.1 to 8 µM

Neuronal target in the mouse vas deferens
(antagonism of cannabinoid CB1 receptor
agonists)

0.12 µMb

Glucocorticoid receptors (displacement of
3H-dexamethasone)

0.2 µMc

Receptors for abnormal-CBD on microglial cells
(modulation of migration)

0.3 µM

Membrane phospholipids (perturbation) ∼0.3 µM

Cardiac L-type calcium channels (blockade) 0.32 µM

Cardiac delayed rectifier potassium channels
(blockade)

0.32 µM

Neuronal transporters of catecholamines &
5-HT (inhibition)

1 µM

Allosteric (?) site on neuronal metabotropic
glutamate receptors (inhibition)

1 µMd

Allosteric (?) site on α1-adrenoreceptors of vas
deferens smooth muscle (inhibition)

1 µM

>1 to 10 µM

Receptors for abnormal-CBD on endothelial
cells (modulation of vasomotor tone)

>1 µM

Binding to cannabinoid CB1 and CB2 receptors >1 µM

Lipoxygenases (inhibition) 2.9 µMc

Oestradiol receptors (displacement of
3H-oestradiol)

5.6 µM

TRPV1 (vanilloid) receptor activation 3.5 µMc

Phospholipase A2 (activation) 6.4 µMc

Neuronal transporter of γ -aminobutyric acid
(inhibition)

10 µM

Neuronal transporter of choline (inhibition) 16 µMc

Above10 µM

Anandamide transporter (inhibition) 22 µMc

Fatty acid amide hydrolasee (inhibition) 27.5 µMc

Dopamine receptors (displacement of
3H-spiperone by various ligands)

30 µM

Cyclo-oxygenase (inhibition) 39.8 µMc

See also Pertwee (2004c,d) for references.
aIn most experiments, CBD has been reported to inhibit CYP en-
zymes at concentrations in the micromolar range.
bKB value for surmountable antagonism of the CB1/CB2 receptor
agonist, R-(+)-WIN55212 (Pertwee et al., 2002).
cEC50 value.
dDrysdale et al. (2004).
eFatty acid amide hydrolase metabolizes the endocannabinoid, anan-
damide (see the section on Pharmacological targets for �9-THC).
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Other in vivo bioassays for �9-THC include the dog
static-ataxia test, the monkey behavioural test, the rat
catalepsy test and the drug discrimination test (Howlett
et al., 2002; Martin et al., 1995; Pertwee, 2004b). As
to established in vitro bioassays for �9-THC and for
other CB1 and CB2 receptor agonists, these all involve
the use of membrane or tissue preparations that contain
CB1 and/or CB2 receptors, expressed either naturally
or after transfection (reviewed in Howlett et al., 2002;
Pertwee, 1997, 2004b). The most commonly used in
vitro assays are listed below.

• Binding assays that measure the ability of �9-THC
to displace radiolabelled cannabinoid receptor lig-
ands from membranes obtained from CB1 and/or
CB2 receptor-expressing cells or tissues.

• The [35S]guanosine-5′-O-(3-thiotriphosphate)
([35S]GTPγ S) binding assay that can measure both
CB1 and CB2 receptor mediated-stimulation of
binding to G proteins of the hydrolysis-resistant
GTP analogue, [35S]GTPγ S.

• The cyclic AMP assay that relies on CB1 and CB2

receptor-mediated inhibition (usual effect) or en-
hancement of basal or drug-induced cyclic AMP pro-
duction.

• An assay that measures the ability of CB1 and CB2

receptors to mediate the production of increases in
intracellular free Ca2+ levels.

• An assay that measures the ability of CB2 receptors
to mediate inhibition of lipopolysaccharide-induced
release of tumour necrosis factor-α.

• Assays performed with cultured neurons that exploit
the negative coupling of the CB1 receptor to N- and
P/Q-type calcium channels.

• Assays performed with isolated nerve-smooth mus-
cle preparations, such as the mouse vas deferens, that
exploit the ability of �9-THC to act through neuronal
CB1 receptors to produce a concentration-related in-
hibition both of electrically-evoked contractile trans-
mitter release and of the contractions resulting from
this release.

Strategies for identifying CB1 and/or CB2 receptor-
mediated effects, include the use of selective CB1 and
CB2 receptor antagonists and control experiments with
animals or tissues from which CB1 and/or CB2 recep-
tors have been genetically deleted (reviewed in Howlett
et al., 2002). In many bioassay systems commonly
used cannabinoid receptor antagonists such as the CB1-
selective SR141716A, AM251 and AM281, and the
CB2-selective SR144528 and AM630, tend to produce

effects opposite in direction from those produced by
�9-THC. The occurrence of these “inverse” effects
presumably reflects the presence of background tone
in these systems. Such tone may arise from ongoing
release of endocannabinoids onto cannabinoid recep-
tors. Alternatively, it may reflect spontaneous coupling
of these receptors to their effector mechanisms, there
being evidence that such coupling can occur and that
all commercially available cannabinoid receptor antag-
onists can oppose this coupling by behaving as “inverse
agonists” rather than “neutral” antagonists (reviewed in
Pertwee, 2003b). Interestingly, two CB1 receptor an-
tagonists that do not produce an inverse effect and so
behave as “neutral” antagonists, at least in the mouse
isolated vas deferens, are the CBD analogue, (–)-6′′-
azidohex-2′′-yne-CBD (O-2654) (Thomas et al., 2004),
and a sulphonamide analogue of �8-THC (O-2050)
that, like O-2654, has an acetylenic side chain (Martin
et al., 2002) (Figure 1).

There are no established bioassays for CBD. How-
ever this cannabinoid does produce several effects,
albeit through pharmacological targets still to be iden-
tified, that are dose-related and could be exploited for
the purpose of bioassay. Examples include its abil-
ity to induce signs of anxiolysis in animal models
of anxiety, to prevent convulsions induced by elec-
troshock or pentylenetetrazol and to produce appar-
ent CB1-independent surmountable antagonism of CB1

receptor agonists in the mouse isolated vas deferens
(Pertwee, 2004c; Pertwee et al., 2002; Thomas et al.,
2004).

Therapeutic targets for ∆9-THC and CBD

�9-THC is already licensed for clinical use in the
U.S.A. as an anti-emetic and appetite stimulant and
both �9-THC and cannabis extracts show therapeu-
tic potential as neuroprotective and anticancer agents
and for the management of glaucoma, pain and various
kinds of motor dysfunction associated, for example,
with multiple sclerosis and spinal cord injury (reviewed
in Guzmán, 2003; Mechoulam et al., 2002; Pertwee,
2000a, 2000b, 2001, 2002, 2003a; Tomida et al., 2004).
Particularly convincing are preclinical, anecdotal and
clinical data supporting the use of cannabis extracts and
�9-THC against neuropathic pain and for the amelio-
ration of spasticity, muscle spasms and pain associated
with multiple sclerosis or spinal cord injury. Additional
support for the use of cannabis or �9-THC for multiple
sclerosis was provided recently by results obtained in a
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Table 6. Effects of cannabis and �9-THC on signs and symptoms of multiple sclerosis in a double-blind, placebo-controlled multi-
centre clinical triala

Signs and symptoms Treatment Measured effect

611 male and female multiple sclerosis patients
(aged 18 to 64), the primary outcome measure
being the Ashworth score of spasticity

Cannabisb,c (p.o.) or �9-THCb,c

(p.o.) or Placebob
No reduction in objective measure of

spasticity (Ashworth Scale)
Significant treatment effects:
• symptoms of pain, spasms and

spasticity ameliorated
• quality of sleep improved
• time to walk 10 m decreased

(ambulant patients).

Also several secondary outcome measures. Other notable findings:

• high subjective placebo scores
• similar results with cannabis &

�9-THC.

aZajicek et al., 2003.
bEach patient received one treatment only – cannabis or �9-THC or placebo.
cTarget dose for 8 weeks was 5 to 12.5 mg �9-THC twice daily.

large multi-centre clinical trial (Table 6). One problem
that this trial encountered was the difficulty of measur-
ing spasticity objectively, raising the possibility that
perhaps spasticity experienced and assessed by the pa-
tients themselves rather than by an observer should
form the basis of the primary outcome measure in fu-
ture investigations. Consideration of the known effects
of CBD (Table 4) suggests that it too has therapeutic po-
tential, for example as an anti-inflammatory and neuro-
protective agent, for the management of epilepsy, anxi-
ety disorders, glaucoma and nausea, and for modulating
some effects of �9-THC or L-dihydroxyphenylalanine
(reviewed in Pertwee, 2004c, 2004d). Such evidence
has prompted the commercial development of �9-
THC- and CBD-rich cannabis extracts as medicines
(Whittle et al., 2001).

Tolerance

Repeated administration of �9-THC can cause toler-
ance to develop to a number of its effects and it is
likely that this tolerance usually stems mainly from a
reduction in the expression or density of cannabinoid
receptors or in cannabinoid receptor signalling rather
than from any change in the affinity of �9-THC for
these receptors or from some alteration in �9-THC
metabolism or pharmacokinetics (Maldonado, 2002;
Pertwee, 1991, 1995, 1997). There is also evidence that
cannabinoid CB1 receptors are rapidly internalized fol-
lowing their activation by high-efficacy agonists (Hsieh
et al., 1999; Keren & Sarne, 2003). However, it is likely

that the process of CB1 receptor internalization plays at
most only a minor role in the production of tolerance by
�9-THC, probably because this cannabinoid has rela-
tively low CB1 receptor efficacy (Hsieh et al., 1999).
Although reversible, tolerance to �9-THC can persist
for several weeks after drug withdrawal. Also, it seems
to develop more readily and rapidly to some effects
than to others. In mice, effects of �9-THC to which
tolerance develops particularly rapidly are hypother-
mia, hypokinesia and the elevation of plasma corticos-
terone levels (Pertwee, 1991). In vivo treatment of mice
with �9-THC rapidly renders vasa deferentia tolerant
to �9-THC-induced inhibition of electrically-evoked
contractions when this is measured in vitro (Pertwee &
Griffin, 1995; Pertwee et al., 1993). The same �9-THC
treatment causes these tissues to become tolerant to
other cannabinoid receptor agonists but not to agonists
for µ- δ- or κ-opioid receptors or for α2-adrenceptors,
evidence that this tolerance is cannabinoid receptor
agonist-specific. In contrast, cross-tolerance between
�9-THC and opioid receptor agonists has been de-
tected for effects that are measured in vivo (Maldonado,
2002). The extent to which tolerance develops to clin-
ically useful effects of �9-THC remains to be estab-
lished. In the meantime, there is preclinical evidence
which suggests that at least some sought-after thera-
peutic effects of �9-THC may be more resistant to
tolerance development than some of its unwanted ef-
fects (De Vry et al., 2004). As to CBD, the extent to
which tolerance can develop to this plant cannabinoid
has been little investigated.
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Future directions

Clearly, more is currently known about the pharma-
cological actions of �9-THC than of CBD. However,
even for �9-THC, evidence is still emerging for the
existence of additional pharmacological targets and it
will now be important to establish the extent to which
each of these proposed new targets contributes to the
production of its sought-after medical effects and/or to
the production of its unwanted effects. It is also clear
that �9-THC and CBD both have important potential
as therapeutic agents and another major challenge must
be to optimize their use in the clinic both separately
and in combination by defining their therapeutic tar-
gets more precisely. Finally, �9-THC and CBD are
but two of many cannabis constituents and yet little is
known about the pharmacology or therapeutic potential
of these other constituents, alone or in combination, or
about the extent to which these constituents can mod-
ulate the effects of �9-THC and/or CBD. This too,
should be the subject of future research.
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