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The major psychoactive constituent of Cannabis sativa, ∆9-tetrahydrocannab-Abstract
inol (∆9-THC), and endogenous cannabinoid ligands, such as anandamide, signal
through G-protein–coupled cannabinoid receptors localised to regions of the brain
associated with important neurological processes. Signalling is mostly inhibitory
and suggests a role for cannabinoids as therapeutic agents in CNS disease where
inhibition of neurotransmitter release would be beneficial.

Anecdotal evidence suggests that patients with disorders such as multiple
sclerosis smoke cannabis to relieve disease-related symptoms. Cannabinoids can
alleviate tremor and spasticity in animal models of multiple sclerosis, and clinical
trials of the use of these compounds for these symptoms are in progress. The
cannabinoid nabilone is currently licensed for use as an antiemetic agent in
chemotherapy-induced emesis. Evidence suggests that cannabinoids may prove
useful in Parkinson’s disease by inhibiting the excitotoxic neurotransmitter gluta-
mate and counteracting oxidative damage to dopaminergic neurons. The inhibito-
ry effect of cannabinoids on reactive oxygen species, glutamate and tumour
necrosis factor suggests that they may be potent neuroprotective agents. Dex-
anabinol (HU-211), a synthetic cannabinoid, is currently being assessed in clinical
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trials for traumatic brain injury and stroke. Animal models of mechanical, thermal
and noxious pain suggest that cannabinoids may be effective analgesics. Indeed,
in clinical trials of postoperative and cancer pain and pain associated with spinal
cord injury, cannabinoids have proven more effective than placebo but may be
less effective than existing therapies. Dronabinol, a commercially available form
of ∆9-THC, has been used successfully for increasing appetite in patients with
HIV wasting disease, and cannabinoid receptor antagonists may reduce obesity.

Acute adverse effects following cannabis usage include sedation and anxiety.
These effects are usually transient and may be less severe than those that occur
with existing therapeutic agents. The use of nonpsychoactive cannabinoids such
as cannabidiol and dexanabinol may allow the dissociation of unwanted psycho-
active effects from potential therapeutic benefits. The existence of other cannabi-
noid receptors may provide novel therapeutic targets that are independent of CB1
receptors (at which most currently available cannabinoids act) and the develop-
ment of compounds that are not associated with CB1 receptor-mediated adverse
effects. Further understanding of the most appropriate route of delivery and the
pharmacokinetics of agents that act via the endocannabinoid system may also
reduce adverse effects and increase the efficacy of cannabinoid treatment.

This review highlights recent advances in understanding of the endocannabi-
noid system and indicates CNS disorders that may benefit from the therapeutic
effects of cannabinoid treatment. Where applicable, reference is made to ongoing
clinical trials of cannabinoids to alleviate symptoms of these disorders.

The anecdotal use of cannabis as a therapeutic specific G-protein–coupled cannabinoid receptor in
agent dates back about 5000 years, with descriptions the brain that mediated the effects of ∆9-THC (the
of its numerous effects including alterations in CB1 receptor),[4] an endogenous agonist of this re-
mood, cognitive functions, memory and perception ceptor, anandamide, was identified.[5] Importantly,
of the user.[1] However, until recently there has been this suggested the presence of an endogenous can-
little scientific evidence to support these largely nabinoid system in the CNS. Other endocannabi-
observational data. noids such as 2-arachidonyl-glycerol (2-AG) and

palmitoylethanolamide (PEA) have also been isolat-The plant Cannabis sativa, commonly known as
ed and shown to be present in the CNS.marijuana, contains many different compounds, al-

though the major psychoactive constituent is ∆9-te- Interestingly, the CB1 receptors localise to im-
trahydrocannabinol (∆9-THC).[2] Other compounds portant structures within the brain that are associated
found in cannabis include ∆8-THC (less potent than with various neurological diseases. The inhibitory
∆9-THC and found in smaller quantities), cannabidi- effects of stimulation of these receptors on neuro-
ol (CBD; a nonpsychoactive compound) and can- transmitter release at these sites has focused the
nabinol (CBN). study of cannabinoids as therapeutic agents on dis-

orders such as Parkinson’s disease, brain trauma andFollowing the isolation of ∆9-THC from canna-
multiple sclerosis (MS).bis, numerous synthetic cannabinoids, based on the

structure of ∆9-THC, were synthesised. These were A second cannabinoid receptor (the CB2 recep-
shown to induce behavioural effects such as tor) is found preferentially in the periphery.[6] The
hypothermia, catalepsy and hypomobility, similar to CB2 receptor is highly expressed on cells of the
the in vivo effects of ∆9-THC, when injected into immune system. The presence of the CB2 receptor
animals.[3] Upon the identification and cloning of a in the lymphoid organs suggests that, in addition to
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its psychoactive effects in the CNS, the endocan- sified research into the production of synthetic ago-
nabinoid system may have a role in modulating the nists and antagonists, which has been the corner-
immune system. Indeed, cannabinoids have stone from which the modern study of the
profound effects on cell-mediated immunity includ- neuropharmacology of cannabinoids has been de-
ing the inhibition of T-cell proliferation, proinflam- rived.
matory cytokine secretion and the humoral re-
sponses from B cells.[3] This has prompted the study 1.1 Cannabinoid CB1 Receptor Expression
of the therapeutic potential of cannabinoids as an-

CB1 receptors are predominately found pre-ti-inflammatory agents and has become the focus of
synaptically on neurons in the CNS, although theystudy in a number of diverse animal models of
are expressed to a lesser degree in the periphery, ondisease.
cells of the immune system, testis, vascular endothe-This article reviews current knowledge of the
lium, small intestine and peripheral nerveendocannabinoid system and discusses the isolation
presynapses (table I).[17]

of new cannabinoid agonists, as well as the evidence
CB1 receptors are most abundant in the regionsfor the presence of various cannabinoid receptors.

and structures of the brain responsible for the behav-The use of cannabinoid agonists and antagonists as
ioural and pharmacological effects seen followingpotential therapeutic agents for a number of CNS
cannabinoid administration (table I). In addition,disorders is then reviewed. The numerous adverse
anecdotal evidence related to the adverse effects ofeffects associated with cannabinoid administration
cannabis usage supports the presence of cannabi-and potential methods of dissociating these from the
noid receptors in these areas. Although CB1 recep-therapeutic effects are also discussed.
tors are present in extremely high concentrations
throughout the brain, they are most dense in the1. The Endocannabinoid System
hippocampus, basal ganglia and cerebellum.[18,35]

Currently, two subtypes of cannabinoid receptors The hippocampus is involved in the storage and
have been isolated and cloned: CB1 and CB2.[4,6,7] processing of newly acquired information, and the
The inhibitory effects of CB1 receptor signalling on CB1 receptor is highly expressed on cells of the
cyclic adenosine monophosphate (cAMP) accumu- molecular layer of Ammon’s Horn.[20] The presence
lation and its blockade by pertussis toxin[8,9] are of CB1 receptors in this region may correlate with
consistent with the CB1 receptor belonging to the the reported loss of short-term memory in users of
family of G-protein–coupled receptors. cannabis.[36] A synthetic CB1 receptor antagonist,

rimonabant (SR-141716A), has been shown toThe human CB1 receptor exhibits 68% homology
antagonise a number of effects mediated by cannabi-with the human CB2 receptor at the transmembrane
noid ligand binding and signalling through the CB1level and 44% overall.[6] Interestingly, cannabinoid
receptor.[37] However, when used alone, this drugreceptors, especially CB1 receptors, have been
has been reported to act as an ‘inverse agonist’: thatshown to be present and relatively conserved in
is, it elicits the opposite effect to that of the agonist,many species including fish, hydra, mollusc, leech
as it has been shown to improve memory in a rodentand sea urchin, suggesting the evolutionary conser-
model.[38]vation of the endocannabinoid system.[10-14] Howev-

er, it is not thought to be present in insects.[15] A Another common adverse effect associated with
splice variant of the CB1 receptor, CB1A, has also cannabis use is decreased locomotor activity, which
been described.[16] may correlate with the presence of CB1 receptors in

The discovery of endogenous cannabinoid com- regions that mediate coordination of motor function
pounds, such as anandamide, that act as agonists at and motor learning such as the basal ganglia, sub-
these receptors has revealed the presence of an en- stantia nigra and cerebellum. In the cerebellum, CB1
docannabinoid system. This has subsequently inten- receptors are highly expressed in the molecular lay-
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Table I. Location of cannabinoid receptors

Location Structure Function References

CB1 receptors

CNS Hippocampus Memory storage 18

Cerebellum Coordination of motor function, posture, balance 19, 20

Basal ganglia Movement control 18, 19

Hypothalamus Thermal regulation, neuroendocrine release, appetite 18, 21

Spinal cord Nociception 22, 23

Cerebral cortex Emesis 24, 25

Periphery Lymphoid organs Cell-mediated and innate immunity 26

Vascular smooth muscle cells Control of blood pressure 27

Duodenum, ileum, myenteric Control of emesis 28
plexus

Lung smooth muscle cells Bronchodilation 29

Eye ciliary body Intraocular pressure 30, 31

CB2 receptors

Periphery Lymphoid tissue Cell-mediated and innate immunity 6, 26

Peripheral nerve terminals Peripheral nervous system 32

Retina Intraocular pressure 33

CNS Cerebellar granule cells mRNA Coordination of motor function 34

er, which is important for the relay of distal limb can be induced in the CNS in some circumstances.
coordination and balance information between the In addition, mRNA coding for the CB2 receptor has
thalamus and spinal cord.[20] been detected in cerebellar granule cells.[34]

The presence of cannabinoid receptors in these
important brain structures and the inhibitory effects 1.3 Cannabinoid Receptor Signalling
of cannabinoids on neuropeptide secretion[3] suggest
that cannabinoids may have potential as therapeutic CB1 and CB2 receptors are Gi/o-protein–coupled
agents in a wide variety of CNS disorders. receptors that, following cannabinoid agonist bind-

ing and signalling, exert an inhibitory effect on
adenylate cyclase (AC) activity. This inhibits the1.2 CB2 Receptor Localisation
catalytic reaction converting cyclic adenosine
triphosphate to cAMP, an important cellular second-The CB2 receptor is often described as the ‘peri-
ary messenger involved in cellular regulation.[40,41]pheral’ cannabinoid receptor, as many studies have
In addition to the effects on cAMP, cannabinoidshown high levels of CB2 receptor expression in a
signalling through CB1, but not CB2, receptors cannumber of peripheral tissues, including cells of the
also interact with ion channels.[42] It has been wellimmune system in the spleen.[6,39] The high level of
established that CB1 receptor signalling negativelyexpression of CB2 receptors on cells of the immune
regulates calcium currents through both N- and P/Q-system has led investigators to study the potential
type voltage-sensitive Ca2+ channels[43,44] but acti-role of cannabinoids in modulating the immune sys-
vates G-protein–coupled inwardly rectifying K+tem in a variety of clinical applications. In addition,
channels.[44]CB2 receptors are expressed in the tonsils, bone

marrow, thymus and pancreas,[26] adult rat retina,[33] CB1 receptor signalling also leads to the down-
and peripheral nerve terminals in the mouse vas stream activation of mitogen-activated protein kin-
deferens[32] (table I). Although the CB2 receptor is ase,[45] p38 and c-jun amino terminal kinase,[46]

not thought to be expressed in the CNS,[6] it is not which are involved in cellular regulation of prolifer-
clear at present whether CB2 receptor expression ation and differentiation.
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One outcome of presynaptic CB1 receptor stimu- tive to the antagonist effect of rimonabant[54] and
lation on neurons is to reduce neuronal cell activity suggest the presence of undefined receptors for
and attenuate, via retrograde signalling, the release which anandamide is an agonist and rimonabant is
of neurotransmitters such as dopamine, noradren- an antagonist.
aline (norepinephrine), serotonin, GABA and gluta-
mate.[47-51] This property of cannabinoid agonist sig-

1.4 Endocannabinoid Ligandsnalling is an attractive characteristic for the utilisa-
tion of cannabinoids in the treatment of numerous

Following the discovery of cannabinoid recep-medical disorders.
tors, which mediate the effects of naturally occur-There is also evidence that other undiscovered G-
ring plant cannabinoids, a number of endogenousprotein–coupled receptors may exist in the cannabi-
cannabinoid ligands have been identified (table II).noid system. The binding of the cannabinoid recep-

Anandamide, the first endogenous ligand to betor agonist [3H]R(+)WIN55,212-2 to CNS struc-
identified, was isolated and purified from porcinetures, including the hippocampus, cortex and brain
brain.[5] Anandamide is an unsaturated fatty acidstem, in CB1 receptor knockout (CB1 -/-) mice
ethanolamide, derived from arachidonic acid, and issuggests the presence of other cannabinoid-like re-
synthesised and secreted by neurons and immuneceptors.[52] Interestingly, R(+)WIN55,212-2 and
system cells. It mediates cannabinoid-type effectsanandamide, but not ∆9-THC or CP-55940 (another
such as antinociception, hypoalgesia and catalepsy.cannabinoid agonist), stimulated guanosine 5′-O-
It has a higher affinity for the CB1 receptor (inhibi-(γ[35S]-thio)triphosphate ([35S]GTPγS) binding in
tion constant [Ki] 89 nmol/L) than the CB2 receptorCB1 -/- mice, indicating that they are signalling
(Ki 371 nmol/L).[55]

through a G-protein–coupled receptor.[52] The stim-
Concentrations of anandamide have been mea-ulation of both basal and anandamide-induced

sured by a variety of techniques in pig, rat, mouse[35S]GTPγS binding could be inhibited by the addi-
and human brain.[5,56-59] The findings from thesetion of the CB1 receptor antagonist rimonabant.[52]

studies suggest that anandamide is present at pmol/g
Apart from cannabinoid agonist binding and G- concentrations in the CNS. In addition, the highest

protein involvement, these unknown receptors ap- concentrations measured in specific structures of rat
pear to mediate some of the effects associated with and human brain were observed in the hippocampus,
cannabinoid signalling through the known cannabi- striatum and cerebellum, corresponding to areas of
noid receptors. A number of behavioural effects high CB1 receptor expression and indicating a role
induced by anandamide were still present in CB1 -/- for anandamide in CB1 receptor signalling. Howev-
mice.[53] The addition of anandamide, but not er, high anandamide concentrations were also re-
∆9-THC, to CB1 -/- mice was shown to decrease corded in the thalamus, an area with low levels of
their spontaneous activity, induce antinociception CB1 receptor expression.[58] Anandamide has also
and increase immobility.[53]

been identified in peripheral structures such as the
The presence of undiscovered cannabinoid re- spleen (which expresses high concentrations of CB2

ceptors is not only limited to the CNS. Mesenteric receptors),[60] kidney,[61] skin,[58] uterus[62] and
arteries isolated from either CB1 -/- or CB1 and CB2 blood.[63] Release of anandamide has been shown
-/- mice were responsive to both ‘abnormal CBD’ from neuronal cells stimulated with glutamate[64]

[(2)-4-(3-3,4-trans-p-menthadien-1,8)-yl-olivetol, a and following dopamine D2–like receptor stimula-
cannabidiol derivative produced by transposition of tion in conjunction with a high K+ stimulus.[65]

the phenolic hydroxyl group and the pentyl side Anandamide has also been shown to activate the
chain of CBD] and anandamide-induced vasodila- vanilloid receptor (VR1), a nonselective cation
tion through a mechanism independent of both CB1 channel expressed by primary afferent nociceptive
and CB2 receptors.[54] These responses were sensi- neurons and activated by capsaicin, although the
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Table II. Cannabinoid receptor agonists and antagonists

Class Ligand Selectivity of receptor binding

Agonists

Endogenous Anandamide CB1>CB2>VR1

2-Arachidonyl-glycerol CB1

Palmitoylethanolamine CB2?

Noladin ether CB1>CB2

Virodhamine CB2

Classical cannabinoids ∆9-THC CB1>CB2

∆8-THC CB1>CB2

Cannabinol CB1>CB2

Cannabidiol Low binding affinity

HU-308 CB2

JWH-133 CB2

Dexanabinol (HU-211) No binding to CB1/CB2

HU-210 CB1>CB2

Nabilone CB1>CB2

Levonantradol CB1>CB2

Nonclassical cannabinoids CP-55940 CB1>CB2

Aminoalkylindoles R(+)WIN55,212-2 CB1>CB2

S(–)WIN-55213 Low binding affinity

JWH-015 CB2

Others Arvanil CB1>VR1

Antagonists

Rimonabant (SR-141716A) CB1

SR-144528 CB2

AM-630 CB1>CB2

Virodhamine CB1

THC = tetrahydrocannabinol; VR = vanilloid receptor; ? indicates no CB2 binding, but effects of the ligand signalling are inhibited by
SR-144528 (CB2 receptor antagonist); > indicates higher binding affinity.

VR1 receptor does not have homology with either or CB2 receptors.[77,78] This may indicate the pres-
CB1 or CB2 receptors.[66-69] ence of further, as yet undiscovered, CB2-like can-

nabinoid receptors. However, the mechanism of ac-Recently, a second endogenous cannabinoid,
tion of PEA may be to increase concentrations of2-AG, was isolated from canine intestinal tissue.[70]

anandamide by inhibiting FAAH activity.[78] Fur-Although present in the brain in greater quantities
thermore, PEA can enhance the stimulation of VR1than anandamide,[71] it has a lower affinity for the
receptors by anandamide.[79] The antinociceptive ef-CB1 receptor (Ki 472 nmol/L)[70] and is also inacti-
fects of PEA are particularly interesting, as it seemsvated by fatty acid amide hydrolase (FAAH) more
that this is a peripherally mediated effect. This im-rapidly than anandamide.[72]

plies that it may be possible to dissociate therapeuticPEA has also been proposed as an endocannabi-
effects from CB1 receptor–mediated effects, andnoid agonist and is produced by both neurons and
that this may lead to better tolerated, clinically use-immune cells.[73,74] However, PEA has been shown
ful nonpsychoactive cannabinoids.to mediate both anti-inflammatory and analgesic

effects similar to other endocannabinoids.[75,76] Al- A further endogenous cannabinoid receptor ago-
though this effect can be inhibited by the addition of nist, noladin ether, has recently been identified from
the CB2 receptor antagonist SR-144528, there is porcine brain.[80] It has been shown to bind to CB1
evidence to suggest that PEA does not bind to CB1 receptors with a higher affinity than CB2 receptors,
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and to induce sedation, hypothermia and intestinal ed ion channels,[86] although there is evidence to
suggest that it can activate vanilloid receptor chan-immobility in mice.[80]

nels.[69,87]
Recently, a novel endocannabinoid, virodha-

Following the transportation of anandamidemine, has been isolated and characterised.[81]

across the plasma membrane, it is rapidly met-Virodhamine is expressed in the rat CNS, with con-
abolised to arachidonic acid and ethanolamine by acentrations comparable to anandamide present in the
specific enzyme, FAAH.[88,89] FAAH has been iden-hippocampus, cortex and cerebellum.[81] Interesting-
tified in both neurons and astrocytes in thely, the concentrations of virodhamine are much
CNS,[82,90] human platelets[91] and lymphocytes,[92]higher in the high CB2 receptor–expressing peri-
rat macrophages[93] and renal endothelial andpheral tissues such as skin, spleen, kidney and heart,
mesangial cells.[61] Furthermore, following adminis-in comparison with anandamide.[81] The higher con-
tration of anandamide, mice lacking FAAH exhibitcentrations of virodhamine in the periphery suggest
intense behavioural effects such as hypomotility,that its affinity for CB1 and CB2 receptors may
analgesia and hypothermia compared with normaldiffer. Indeed, functional assays measuring gua-
mice.[94] The mice lacking FAAH also possessednosine triphosphate binding have determined that
15-fold higher concentrations of anandamide in thevirodhamine is a full CB2 receptor agonist.[81] In
brain than normal animals.[94] In addition, inhibitioncontrast, it has been shown to be a partial agonist at
of FAAH by AM-374 results in the increased effectthe CB1 receptor in vitro and a CB1 receptor antago-
of anandamide on receptor-mediated acetylcholinenist in vivo.[81] In addition, virodhamine inhibits
release from neurons.[95] This provides further evi-transport of anandamide and, similar to other can-
dence of a specific intricate system for the release,nabinoids, induces hypothermia in mice.[81] Further
signalling and inactivation of endocannabinoids.study is required to determine the areas of produc-

tion, storage and degradation of virodhamine, as
well as how it regulates other cannabinoids in the

1.5 Synthetic Cannabinoid Agonistsendocannabinoid system.
and Antagonists

The low concentrations of anandamide in serum,
plasma and CSF[58] and the short duration and

Cannabinoid receptor agonists can be classifiedmagnitude of its effects suggest that this compound
as belonging to one of four groups: eicosanoid can-is inactivated rapidly at the site of action. Indeed, it
nabinoids (which include the endocannabinoids),has now been shown that anandamide is inactivated
classical cannabinoids, nonclassical synthetic can-by a two-step mechanism. First, a high-affinity spe-
nabinoids and aminoalkylindoles (AAIs) [table II].cific transporter transports it across the plasma

membrane.[74] Reuptake of endocannabinoids has The classical cannabinoids include compounds
been shown in both rat neurons and astrocytes[82] isolated from cannabis, mainly ∆9-THC, ∆8-THC
and human neuroblastoma and astrocytoma (less potent than ∆9-THC), CBN and CBD (the latter
cells.[83,84] In addition, peripheral mechanisms of two are both present in greater quantities than
anandamide reuptake also exist in macrophages and ∆9-THC but are less potent, both in terms of affinity
human endothelial cells.[73,85] Blockade of this trans- for and activation of cannabinoid receptors). These
porter by AM-404 potentiates the anandamide-in- compounds, with the exception of CBD (which has a
duced inhibition of AC in cortical neurons by a very low affinity for CB1 and CB2 receptors and
receptor-mediated mechanism, which can be inhib- does not activate the receptor upon binding), signal
ited by rimonabant.[82] Recent studies have sup- through both CB1 and CB2 receptors. Other classical
ported the specificity of AM-404 as an inhibitor of compounds that demonstrate CB2-selective binding,
endocannabinoid transport.[82] AM-404 has no affin- such as HU-308 and JWH-133, have been devel-
ity for G-protein–coupled receptors and ligand-gat- oped.
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Nonclassical cannabinoids include CP-55940, 2. Clinical Applications of Cannabinoids
which has been used extensively in cannabinoid

There exists much anecdotal evidence for the use
receptor–binding studies. of cannabis to relieve some of the symptoms associ-

AAIs are structurally different from classical/ ated with CNS disorders such as MS and pain. Some
nonclassical cannabinoids and the endocannabi- patients with numerous disorders find prescription

medicines have little or no effect upon severe dis-noids themselves. However, they mediate can-
ease symptoms and in addition may experience seri-nabimimetic effects via a stereo-selective receptor-
ous adverse effects. Therefore, following the histori-mediated mechanism, which is G-protein depend-
cal reports of the use of cannabis for medicinalent. R(+)WIN55,212-2 is an AAI with activity at
purposes, recent research has highlighted the greatboth CB1 and CB2 receptors.[96] A CB2
potential of cannabinoids to treat a wide variety of

receptor–selective compound, JWH-015, based on clinical disorders. The number of clinical trials in-
R(+)WIN55,212-2, has recently been described (Ki vestigating the therapeutic potential of cannabinoids
14 ± 5 nmol/L).[97]

is increasing, and trials are currently underway in a
number of CNS disorders including emesis, neu-Importantly, selective antagonists for CB1 and
rodegeneration and brain trauma, spasticity associat-CB2 receptors have been synthesised: rimonabant
ed with MS, loss of appetite/nausea (in patients withfor the CB1 receptor[98] and S-144528 for the CB2
AIDS and those receiving chemotherapy) and painreceptor.[99] These have allowed the dissection of
(table III).[103]

cannabinoid effects related to either CB1 or CB2

receptors. It has been reported that both antagonists 2.1 Multiple Sclerosis
possess inverse agonist properties.[100-102] Chinese

MS is an autoimmune inflammatory disease ofhamster ovary cells transfected to express the CB1
the CNS that affects roughly 2.5 million individualsreceptor (CHO-CB1) exhibit constitutive CB1 recep-
worldwide.[119] Symptoms of MS usually includetor activity compared with nontransfected CHO
muscle stiffness and spasticity, tremor, fatigue, pain,

cells.[100,101] Agonist signalling through CB1 recep-
incontinence and sexual dysfunction, which can lead

tors in vitro has been shown to upregulate the recep- to increased anxiety and depression. Control of
tor-mediated activation of G-proteins, as measured these MS-associated symptoms can be difficult, and
by [35S]-GTPγS binding.[101] Upon the addition of current drug therapies for MS-associated spasticity,
either R(+)WIN55,212-2 or CP-55940, the incorpo- including oral or intrathecal baclofen, dantrolene,
ration of [35S]-GTPγS is increased.[101] However, diazepam, tizanidine[120] and gabapentin,[121] can

have considerable adverse effects including halluci-following the addition of rimonabant, constitutive
nations, hypotension, seizures, anxiety, weakness,[35S]-GTPγS concentrations are reduced.[100,101]

nausea and flu-like symptoms.[122]
This could be explained by either inverse agonism

Many patients who have MS have reported theor the antagonism of a cannabinoid agonist endoge-
beneficial effects of cannabis on spasticity, tremor,nously released from tissue culture cells. However,
pain and anxiety.[123] Although the mechanisms ofthe addition of an anandamide synthase inhibitor to
spasticity and motor dysfunction in MS are not fully

CHO-CB1 cells had no effect on the basal concen-
understood, they may involve the presence of demy-

trations of [35S]-GTPγS. In addition, similar effects elinating lesions in the cerebellum, hypersensitivity
were seen using CB2 receptor–transfected CHO of neurons due to denervation, damage to descend-
cells and SR-144528.[102] Therefore, it appears that ing motor pathways in the spinal cord and altera-
rimonabant and SR-144528 are potentially inverse tions in sodium channel conduction of damaged
agonists; however, it remains to be seen whether this neurons.[124] The relatively high concentration of
is relevant to in vivo systems. CB1 receptors in the cerebellum and the inhibitory

 Adis Data Information BV 2003. All rights reserved. CNS Drugs 2003; 17 (3)



Potential of Cannabinoids in CNS Disease 187

Table III. Recent clinical trials of cannabinoids for the treatment of CNS disorders

Disorder Target symptoms Therapeutic Clinical outcome References
cannabinoid

Multiple sclerosis Spasticity Oral THC, CBD In progress 104

Neurogenic pain Sublingual THC, CBD Phase II trial in progress 105

Bladder dysfunction Sublingual THC, CBD Phase II trial in progress 105

Parkinson’s disease Dystonia Nabilone No effect 106

Dyskinesia Nabilone ↓ Dyskinesia 107

Tremor ∆9-THC No effect 108

Cancer Pain Sublingual THC, CBD Phase III trial in progress 105

Postoperative pain Pain Intramuscular ↓ Pain but less effective than 109
levonantradol existing therapies

Spinal cord injury Pain Sublingual THC, CBD Phase II trial in progress 105

Gastrointestinal tract pain Pain THC Reduced morphine requirement 110

Traumatic brain injury/ Neurodegeneration Intravenous ↓ Intracranial pressure, ↓ mortality; 111-113
stroke dexanabinol (HU-211) phase III trial in progress

Neurodegeneration CBD In progress 105

HIV wasting syndrome Appetite loss, nausea Smoked cannabis In progress 114, 115

Appetite loss, nausea Dronabinol ↑ Appetite, ↓ nausea 116, 117

Tourette’s syndrome Behavioural disorders THC Undetermined 118
CBD = cannabidiol; THC = tetrahydrocannabinol; ↓ indicates reduced; ↑ indicates increased.

effect of cannabinoids on neuronal conduction, neu- cannabinoid agonist or ‘tone’ in the CNS may have a
romuscular transmission and neurotransmitter re- role in the control of fine motor function. Whether
lease suggest that cannabinoids may be effective in the effect of the cannabinoid receptor antagonists is
treating spasticity. Another CB1 receptor–rich struc- due to inverse agonism or simply the antagonism of
ture of the brain, the substantia nigra, is targeted by an endogenous cannabinoid tone in the CNS re-
muscle-relaxing drugs such as baclofen, a GABA mains to be elucidated. Furthermore, the concentra-
agonist, to reduce spasticity.[125] In normal circum- tions of the endocannabinoids anandamide and PEA
stances, the substantia nigra regulates motor func- were found to be increased in the spinal cord of mice
tion via both excitatory neurotransmitters such as exhibiting spasticity compared with normal or pos-
glutamate and inhibitory neurotransmitters such as trelapse remission mice, possibly in an attempt to
GABA by signalling to the thalamus, and in turn to limit spasticity.[59] In addition, spasticity could also
the motor cortex and spinal motor neurons. It is be ameliorated by the inhibition of anandamide
accepted that cannabinoid agonists such as reuptake and enzymatic hydrolysis, generating a
R(+)WIN55,212-2 can inhibit glutamate release and subsequent increase in anandamide concentrations
enhance the effect of GABA signalling.[51,126,127] in the CNS.[59] This provides a therapeutic regimen

that could take advantage of the endocannabinoidRecent studies using a mouse model of MS
system of synthesis and reuptake and may bypass(chronic relapsing-experimental allergic encephalo-
the adverse effects seen following exogenous syn-myelitis [EAE])[128] have demonstrated the potential
thetic drug administration.therapeutic usefulness of both CB1- and CB2-selec-

tive agonists in treating spasticity.[59,129] Interesting- A recent study has shown that administration of
ly, it was found that antagonism of the cannabinoid arvanil, a structural hybrid between capsaicin and
receptors led to mice with mild spasticity becoming anandamide, can effectively inhibit spasticity and
significantly more spastic, an effect that did not persistent pain in animal models.[130] Although
occur in pre-acute EAE mice lacking spasticity.[129] arvanil has agonist properties at both cannabinoid
This suggests that the presence of an endogenous and vanilloid receptors, it was still effective in CB1
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receptor gene–deficient mice and in the presence of been suggested as a possible mediator of CNS dam-
age to neurons and oligodendrocytes during MS andboth cannabinoid and vanilloid receptor antago-
EAE,[147,148] and CB1 receptor agonists and PEAnists.[130] The effects of arvanil may be mediated via
have been demonstrated to protect cerebellar gran-actions at either nonreceptor targets such as inhibi-
ule cells from glutamate toxicity.[34] Although thesetion of the anandamide transporter[131] or through an
studies hint at possible mechanisms of disease ame-unidentified cannabinoid and/or vanilloid receptor.
lioration, the mechanism of action has yet to beCells of the immune system and the cytokines
elucidated and requires further study.(soluble inflammatory factors) that they secrete are

In the UK, a number of short-term, large-scalethought to play a major role in the pathogenesis of
clinical trials are currently underway to investigateMS and EAE, which are thought to be T helper 1
the use of cannabinoids for the relief of spasticity in(TH1)-type cytokine-mediated diseases. The effects
patients with MS following the publication of exper-of cannabinoids on T cells, which are important in
imental evidence suggesting the efficacy of cannabi-cell-mediated immunity, include a decrease in
noids in the symptomatic relief of spasticity in amitogenic stimulation and TH1 cytokine expres-
mouse model of MS[59,104,129] (table III).sion.[132-134] Tumour necrosis factor (TNF)-α, a TH1

cytokine, is an important mediator of inflammation
2.2 Parkinson’s Diseaseand has been implicated in the pathology of

MS.[135,136] Blockade of TH1 cytokines or the admin-
Parkinson’s disease is a chronic progressive

istration of TH1-inhibitory TH2 cytokines and trans-
neurodegenerative disease caused by the progres-

forming growth factor-β has been shown to be effec-
sive loss of the pigmented dopaminergic neurons of

tive at inhibiting clinical disease in animal models of
the substantia nigra compacta, which innervate the

MS and rheumatoid arthritis.[137-142]

striatum. The loss of dopaminergic neurotransmis-
Using this rationale, the administration of can- sion subsequently interferes with the functions of

nabinoids in the EAE model was studied. Prevent- the basal ganglia critical to coordinated motor func-
ative oral ∆9-THC administration in Lewis rats or tion. Parkinson’s disease is characterised by brady-
intraperitoneal injection to strain 13 guinea pigs kinesia (slowness of movement), akinesia (postural
with EAE was effective in reducing the severity of immobility), muscular rigidity, resting tremor and
disease and delaying onset of disease.[143] A second postural instability. Current therapies include the
study used ∆8-THC, a more stable and less psycho- oral administration of anticholinergics or dopamine
active cannabinoid analogue than ∆9-THC, in the agonists.[149] Although these can be effective in con-
Lewis rat EAE model. Oral, but not intraperitoneal, trolling tremor, some patients are unresponsive, and
administration reduced the severity and incidence of in some cases neurosurgical pallidotomy is per-
EAE and increased circulating corticosterone con- formed.
centrations 2-fold.[144] However, ∆8-THC treatment The high level of CB1 receptor expression pre-
did not prevent the number and tissue penetrance of sent in the basal ganglia suggests that cannabinoids
inflammatory infiltrates in the CNS. Dexanabinol is could have a therapeutic role in the treatment of the
a nonpsychotropic cannabinoid that has been shown movement disorders associated with Parkinson’s
to inhibit TNFα secretion from lipopolysaccharide- disease, although very few studies have been pub-
stimulated macrophages.[145] A recent study found lished. As cannabinoids have been shown to inhibit
that intravenous administration of dexanabinol in glutamate release,[3] this may provide a new thera-
the Lewis rat EAE model reduced disease severity peutic target by protecting against glutamate-medi-
when the drug was administered at the onset of ated toxicity of dopaminergic neurons in the sub-
disease but not prophylactically.[146]

stantia nigra. In addition, the cannabinoid agonist
Cannabinoids may also protect from EAE by nabilone has been shown to alleviate dyskinesia

inhibiting glutamate release. Glutamate toxicity has induced by levodopa, which is used to control trem-
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or associated with Parkinson’s disease.[107] Howev- docannabinoid effects upon inhibitory motor func-
tion seen in Parkinson’s disease.er, a recent double-blind, randomised clinical trial

demonstrated that nabilone had no significant effect
on dystonia in patients with generalised and seg-

2.3 Neuroprotection
mental primary dystonia (table III).[106] In addition,
one small clinical trial (five patients) reported no

Cannabinoids may also play a role in neuropro-clinical effect of ∆9-THC on Parkinson’s dis-
tection in disorders such as stroke, Parkinson’s dis-ease–induced tremor.[108]

ease, MS, Huntingdon’s disease, cerebral trauma
In contrast, other studies have suggested that the and epilepsy. Neuronal destruction may be caused

endocannabinoid system may be involved in the by the generation of free radicals, reactive oxygen
symptomatology of Parkinson’s disease. CB1 recep- species and/or pro-inflammatory cytokines such as
tors are present on GABAergic neural terminals TNFα, or the over-stimulation of synaptic excitatory
from the striatum to the substantia nigra and globus amino acid receptors, mediated by glutamate, and
pallidus,[150] and stimulation of these receptors de- the subsequent increase in intracellular Ca2+. Excess
creases the reuptake of GABA, an inhibitory neuro- glutamate can induce neuronal death,[157] and this is
transmitter, resulting in a reduction of voluntary mediated in part by the excessive stimulation of
movement[151] similar to the symptoms of Parkin- NMDA ligand-gated ion channels.
son’s disease. Studies have demonstrated the protective effect

of cannabinoids on the glutamate-induced excito-In addition, cannabinoid agonists can induce cat-
toxicity of neurons.[155,156,158,159] In addition, animalalepsy in rodents that resembles akinesia in humans
models have shown the potential benefit of earlywith Parkinson’s disease.[152,153] The blockade of
treatment of ischaemia and brain trauma by both

dopamine receptors or lack of dopamine secretion,
synthetic cannabinoids such as dexanabinol and

as in Parkinson’s disease, results in akinesia in
R(+)WIN55,212-2 and the endocannabinoids

humans.[154] Furthermore, akinesia can be aug-
anandamide and 2-AG.[160-165] Studies suggest that

mented by CB1 receptor agonists,[152,153] which may both anandamide and 2-AG may be endogenous
reduce dopamine neurotransmission.[155] Moreover, neuroprotective agents released on demand, which
a recent study has described enhanced concentra- may also have benefit when administered following
tions of 2-AG in a rat model of Parkinson’s dis- damage. Treatment results in long-term functional
ease.[156] Increased concentrations of 2-AG were improvement, survival of neurons and a reduction in
present in the globus palladia (located within the infarct volume and brain oedema.[160-165] In addition,
basal ganglia) but not in other brain regions such as CBD was shown to have neuroprotective antioxi-
the hippocampus, cerebellum, cortex or stri- dant properties in rat cortical neuron cultures ex-
atum,[156] further suggesting that cannabinoids may posed to toxic concentrations of glutamate.[155]

play a role in Parkinson’s disease symptoms such as Both PEA and 2-AG have been shown to accu-
akinesia. Following the administration of reserpine mulate in ischaemic tissues, suggesting that these
to rats, locomotion is dramatically reduced. Howev- endocannabinoids may play a role in neuroprotec-
er, reversal of the effects of reserpine with tion.[34,163] The severity of brain trauma may induce
quinpyrole, a dopamine agonist, resulted in a reduc- differences in endocannabinoid accumulation at the
tion of 2-AG concentrations, while administration of site of damage. Following severe trauma induced by
rimonabant potentiated the effect of increased loco- intracarotid injection of NMDA, anandamide, but
motion when given in conjunction with not 2-AG, was upregulated 13-fold.[166] However,
quinpyrole.[156] This suggests that cannabinoid an- upregulation was less evident following mild brain
tagonists could be therapeutically useful in combi- trauma, induced by mild concussion or by blockade
nation with dopamine agonists in reversing the en- of NMDA receptors with dizocilpine (MK-801).[166]
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The potential for CB1 receptor signalling may underway to confirm the phase II trial results with a
larger study sample. In addition, a clinical trial in-also be differentially regulated depending upon the
vestigating the protective properties of CBD in neu-severity of insult. Following severe trauma, a signif-
rodegeneration is also in progress (table III).[105]icant loss of CB1 receptor binding in the cortex,

hippocampus and thalamus was noted.[166] However,
following mild concussive trauma, CB1 receptor 2.4 Analgesia
binding was significantly increased at the site of

Cannabinoids have been shown to be potentconcussion as well as the hippocampus.[166] This
analgesics in animal models of hyperalgesia andsuggests that endogenous neuroprotective responses
therefore may be of benefit in the treatment of bothinvolving endocannabinoid accumulation and sig-
postoperative and neuropathic pain, as well as painnalling in the CNS may exist.
associated with MS and cancer, in cases where

Interestingly, no difference in 2-AG accumula-
patients are unresponsive to standard analgesic

tion was observed following mild or severe brain
drugs.

trauma,[166] in contrast to the studies in ischae-
The presence of a putative cannabinergic pain-

mia,[34,163] although anandamide concentrations
suppression system has led to advances in the use of

were increased, suggesting a difference in the mech-
cannabinoids to treat painful conditions. Following

anisms of biosynthesis of anandamide and 2-AG
the in vivo electrical stimulation of rat peria-

following brain trauma. However, a recent study
queductal grey matter (PAG), there is a marked local

reported no increase in either anandamide or 2-AG
release of anandamide, accompanied by a signifi-

following ouabain-induced brain injury, although
cant reduction in the tail-flick response to thermal

exogenous administration of anandamide could re-
pain.[169] The analgesic effect of anandamide release

duce neuronal damage.[162]

can be inhibited by rimonabant, suggesting a CB1
The mechanisms of cannabinoid neuroprotection receptor–mediated analgesic system.[169] Interest-

are not yet clear, but evidence supports both can- ingly, release of anandamide in the PAG can also be
nabinoid receptor– and nonreceptor-mediated induced following subcutaneous injection of
modes of action in blocking NMDA signalling[156]

formalin, a chemical irritant.[169] This further sug-
and in the inhibition of free radicals and TNFα gests a role for the endocannabinoids in a pain-
secretion.[155,160,167,168] It is apparent that the strength suppression system.
of neurotoxic stimuli may induce different putative Evidence suggests that the analgesic effects of
mechanisms of endocannabinoid-induced neuropro- cannabinoids may be mediated in part at the level of
tection. the spinal cord. CB1 receptors are expressed in the

dorsal horn and lamina X in the spinal cord,[170]A recent phase II clinical trial investigating the
which can regulate nociception.[18] The intravenoususe of dexanabinol to treat severe closed-head injury
administration of cannabinoid agonists can inhibitfound that intravenous administration of the drug
noxious stimuli–induced firing of both wide dynam-was safe and well tolerated (table III).[112] Dexanabi-
ic range and nociceptive-specific neurons in thenol-treated patients exhibited significantly lower
spinal cord, as reviewed by Walker et al.[171] Block-cerebral perfusion pressure, systolic blood pressure
ade of this effect by rimonabant suggests a CB1and percentage of time with an intracranial pressure
receptor–mediated response in the spinal cord. Simi-above 25mm Hg compared with placebo-treated
lar effects were observed in nociceptive neurons ingroups.[112] There was no evidence of increased ad-
the thalamus.[171]verse effects of dexanabinol treatment compared

with patients given placebo.[112] In addition, after 6 Importantly, suppression of the neurophysiologi-
months the dexanabinol-treated patient group ap- cal responses correlates with the suppression of be-
peared to achieve a better neurological outcome than havioural responses to thermal stimuli (tail-flick
the control group.[112] A phase III clinical trial is test).[171] Transection of the spinal cord, however,
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eradicates the analgesic effects of cannabinoids.[171] dence for the tonic control of pain thresholds, as
The induction of analgesia following injection of administration of rimonabant to the spinal cord in-
cannabinoid agonists into either the PAG, amygdala duces NMDA-dependent hyperalgesia.[177]

or rostral ventrolateral medulla supports evidence Despite the use of cannabinoids in many animal
suggesting that the major site of cannabinoid-in- model studies of pain, there have been few human
duced analgesia is at the supraspinal descending studies. Human randomised controlled trials have
pathway.[171] Interestingly, this is also part of the been performed with patients who have postopera-
pain-suppressing opiate pathway.[171]

tive pain and pain associated with cancer, spinal
There is also evidence to suggest that cannabi- cord injury or gastrointestinal tract disorders (table

noids can induce antinociception via supraspinal III).[103] ∆9-THC has been found to be superior to
mechanisms and peripheral CB2 receptors.[75] Peri- placebo in most cases and to provide dose-related
pheral administration of anandamide, HU-210, analgesia, which peaks at 5 hours. It has generally
CP-55940 or R(+)WIN55,212-2 can inhibit the in- been found to be as effective as codeine, but high
duction of hyperalgesia, oedema and neuropathic dose regimens induce adverse effects including se-
pain due to thermal, noxious and mechanical stimuli dation.[103]

and sciatic nerve injury by CB1 receptor–mediated A systematic review of the use of cannabinoids
mechanisms.[172-175] Administration of anandamide, for the management of pain in human clinical trials
R(+)WIN55,212-2 or HU-210 can inhibit formalin- has been undertaken.[178] Nine human clinical trials
induced pain, and the effect is selectively blocked by were assessed in which ∆9-THC (5–20mg), a syn-
the administration of rimonabant, suggesting a CB1 thetic nitrogen analogue of ∆9-THC (1mg) or
receptor–mediated mechanism.[75] The analgesic ef- benzopyranoperidine (2–4mg) was administered
fect was suggested to be peripheral, as administra- orally or levonantradol (1.5–3mg) was given by
tion of anandamide was more effective (100-fold) intramuscular injection to “patients with acute,
following intraplantar injection compared with in- chronic malignant, or cancer pain”.[178] The study
travenous or intraperitoneal injection.[75] In addition, concluded that the cannabinoids were more effec-
no psychoactive effects were observed following tive than placebo but only as effective as codeine.
intraplantar administration of anandamide.[75]

However, adverse effects were much more common
Peripheral CB2-like receptors may also play a with the cannabinoid treatment. These included

role in mediating the analgesic effects of cannabi- mental clouding, ataxia, dizziness, numbness, diso-
noids. Local administration of PEA, which is not rientation, muscle twitching and blurred vision.[178]

thought to bind to either CB1 or CB2 receptors, can In addition, the high dose (20mg) of ∆9-THC result-
also inhibit formalin-induced pain, whereas intra- ed in 100% of the patients experiencing seda-
carotid injection of PEA has no effect on the behav- tion.[178] It was concluded that the low efficacy of
ioural responses to pain.[75] Interestingly, this effect cannabinoids compared with current analgesics or
can be inhibited by administration of the CB2 selec- NSAIDs and the high rate of adverse effects exper-
tive antagonist, SR-144528.[75] A synergistic analge- ienced by cannabinoid users would preclude treat-
sic effect (100-fold over each compound alone) was ment with cannabinoids.[178]

noted when both anandamide and PEA were admin- Evidence suggests that the major site of cannabi-
istered to formalin-treated rodents.[75] This is impor- noid-induced analgesia is either spinal or supras-
tant clinically, as it may be possible to administer pinal. The lack of efficacy of cannabinoids in human
cannabinoid agonists locally to sites of pain without clinical trials following promising preliminary stud-
inducing CB1-mediated adverse effects. ies may suggest that the current routes of adminis-

Cannabinoids may also modulate pain by inhib- tration are ineffective. In these trials, oral adminis-
iting neuropeptide secretion from nociceptive pri- tration of cannabinoids may reduce the bioavai-
mary afferent fibres.[176] Additionally, there is evi- lability of the compound compared with other
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systemic routes such as intravenous injection and levonantradol, have been used.[185] The cannabi-
inhalation, thereby requiring larger doses to achieve noids dronabinol and nabilone are currently pre-
the same effect. None of the trials compared the scribed in some countries as antiemetics in cancer
effects of smoked cannabis with oral ingestion. patients undergoing chemotherapy.
Therefore, other routes such as intrathecal adminis-

Early clinical trials demonstrated that cannabi-
tration may need to be explored to deliver the thera-

noids were more efficacious than conventional an-
peutic agents to the correct sites of action. Intrathe-

tiemetics, such as prochlorperazine, metoclopra-cal administration of a number of cannabinoids in-
mide, chlorpromazine and thiethylperazine.[185]

cluding levonantradol, CP-55940 and ∆9-THC
However, despite their efficacy, there is a highercould inhibit thermal-induced pain independently of
risk of cannabis-related adverse effects includingopiate mechanisms.[179] Further human studies are
dizziness, dysphoria, hallucinations, paranoia andrequired to determine the efficacy of cannabinoids
arterial hypotension, although some adverse effectsin analgesia, but promising animal studies suggest
could be classed as beneficial (e.g. euphoria andthat if the psychotropic effects can be dissociated
sedation).[185] Despite the higher chance of adversefrom the therapeutic effects, cannabinoids may be

useful in pain management. effects, it was noted that patients chose cannabi-
noids over other available treatments.[185]

The standard treatment for emesis is ondanse-2.5 Emesis
tron, a selective serotonin 5-HT3 receptor antago-
nist. It is prescribed as an antiemetic in cases ofThe CB1 receptor is expressed in the myenteric
nausea and vomiting caused by chemotherapy orplexus of the stomach and duodenum and CB1 re-
general anaesthesia and has a low rate of associatedceptors and FAAH in the dorsal vagus complex of
adverse effects compared with other antiemeticthe brainstem in ferrets, suggesting that cannabi-
compounds.[186] Currently, there are no studies com-noids may inhibit emesis and vomiting via a CB1
paring the effectiveness of ondansetron and can-receptor–mediated mechanism.[179] Recent studies

have demonstrated that blockade of CB1 receptor nabinoids as antiemetics. As a result of their high
signalling induces or potentiates vomiting, sug- potential for adverse effects, cannabinoids may be
gesting that the endocannabinoid system could have an unlikely first-choice treatment for emesis.[186]

tonic control of emesis.[180,181] In addition, adminis- However, in approximately 40–60% of patients re-
tration of CP-55940, R(+)WIN55,212-2, metha- ceiving ondansetron, vomiting can persist. There-
nandamide or ∆9-THC inhibits emesis and vomiting fore, cannabinoids may be useful in combination
in a number of animal models.[180,182,183] Important- therapy to enhance the effect of ondansetron.
ly, a recent study has demonstrated the effective use

Interestingly, nabilone appears to be a usefulof CBD, a nonpsychoactive component of cannabis,
alternative to conventional antiemetic agents, suchto inhibit lithium chloride–induced nausea in
as prochlorperazine and domperidone, in childrenrats.[184]

undergoing cancer chemotherapy (70% efficacyThis suggests that cannabinoids can be used ef-
compared with 30% for domperidone and pro-fectively as antiemetic agents without CB1
chlorperazine).[187,188] Although adverse effectsreceptor–related adverse effects, which may have
were reported, including dizziness, drowsiness andimportant implications clinically. For this reason, a
mood alteration, generally nabilone was the treat-number of clinical trials have investigated the use of
ment of first choice (66% of patients, compared withcannabinoids as potential antiemetic agents. Both
prochlorperazine [17%] and no preferenceoral nabilone (a synthetic ∆9-THC analogue) and
[17%]).[188] Adverse effects were dose related anddronabinol (a commercially available form of
did not occur under a dosage of 60 mg/kg/day.[188]∆9-THC), as well as intramuscular injections of
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2.6 Anorexia and Obesity Cannabinoids are highly lipophilic compounds
and therefore are sequestered from the bloodstream

Anecdotal evidence suggests that smoking can- into lipid-rich areas. They are then slowly released
nabis can stimulate the appetite and therefore may back into the bloodstream. Although the half-life of
be useful in treating patients with anorexia follow- ∆9-THC in plasma from smoked cannabis is around
ing cancer chemotherapy or AIDS.[189,190] Clinical 56 and 28 hours in occasional and long-term users,
trials using dronabinol reported improved appetite respectively, the absorption by fat increases the tis-
and stabilised bodyweight in patients with AIDS sue half-life to around 7 days.[200,201] Interestingly,
(table III).[191-193] ∆9-THC is quickly metabolised to another psycho-

Anandamide has been shown to stimulate the active compound, 7-hydroxy-∆1-THC(11-hydroxy-
appetite via CB1 receptor–mediated mecha- ∆9-THC), which can be detected in the blood, faeces
nisms;[194,195] therefore, blockade of the CB1 recep- and urine in humans.
tor may be useful in treating obesity. In animal Following intravenous administration of ∆9-THC
models, treatment with rimonabant blocked the 5.0mg, plasma concentrations reach a peak of 200
stimulating effect of anandamide on appetite, and µg/L after 3 minutes and rapidly decline to 15 µg/L
rimonabant alone inhibited appetite stimulation and at 60 minutes and 3 µg/L after 4 hours, as reviewed
therefore induced weight loss, suggesting a role for by Agurell et al.[202] By 3 hours, the psychological
endocannabinoids in the tonic control of feeding ‘high’ has disappeared. The plasma concentrations
behaviour.[194-197] Importantly, oral administration of ∆9-THC from smoking (∆9-THC 13mg) and in-
of rimonabant to rats was effective in appetite sup- travenous injection (∆9-THC 5.0mg) were simi-
pression, and no tolerance to its effect was seen over lar,[202] although there is less variation in concentra-
a 3-day period of administration.[196] Furthermore, tions in subjects receiving intravenous injections.
the use of rimonabant to treat obesity has been This is probably due to the different smoking tech-
successful in human clinical trials.[198]

niques among smokers, including speed of puffs,
A recent study has further demonstrated the role volume of inhalation and loss resulting from side-

of cannabinoids in appetite stimulation. Endocan- stream smoke.[202]

nabinoids present in the hypothalamus appear to be
Interestingly, the pharmacokinetics of ∆9-THCunder partial control of leptin, which modulates

are substantially different following administrationfood intake via signalling in the hypothalamus. In
by the oral route. Following oral ingestion ofmice that lack leptin, there is an increase in hypotha-
∆9-THC 20mg, there is a slow, slight increase oflamic endocannabinoid concentrations, which can
∆9-THC concentrations to a peak of 6 µg/L by 1be reduced following leptin administration.[199]

hour.[202] Following this, plasma ∆9-THC concentra-Again, this suggests that endocannabinoids may ton-
tions decline steadily. In some subjects, the peakically activate CB1 receptors in the hypothalamus to
∆9-THC plasma concentrations were not obtainedmaintain food intake and that this system is under
until 4–6 hours postingestion.[202]

the control of leptin.
In assessing bioavailability associated with the

different routes of administration, after inhalation of3. Adverse Effects of Cannabinoids
∆9-THC there is a loss of initial dose as a result of

As previously discussed, many of the beneficial side-stream smoke, inefficient absorption through
effects of cannabinoid therapy rely on CB1 the lung and pyrolysis prior to entering the blood-
receptor–mediated mechanisms. The high expres- stream. Following oral ingestion, however, the low
sion of CB1 receptors in the CNS in structures such bioavailability of ∆9-THC may be due to the ‘first
as the cerebellum and hippocampus means that ther- pass’ effect through the gut and liver, as well as
apeutic doses of cannabinoids often are accompa- ∆9-THC sensitivity to the stomach acidity.[202] In
nied by unwanted effects. addition, following intravenous administration of
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Table IV. Potential adverse effects of cannabinoid therapy

Adverse effects Description References

Acute effects

Euphoria Decreased anxiety, alertness, tension, depression 205

Sedation CNS depression, drowsiness 206

Perception Temporal and spatial distortion 206

Motor function Ataxia, incoordination, reduced reaction time 206, 207

Psychomotor function Impaired hand-eye coordination 208

Cognition Deficit in short-term memory, mental confusion 206

Psychosis Anxiety, confusion, disorientation, may aggravate schizophrenia 207, 209

Tolerance Reduced acute effects of cannabis use 207, 204

Immunosuppression No evidence for long-term immunosuppression 210

Chronic effects

Respiratory system Bronchitis, emphysema as with normal cigarette smoking 211

Cardiovascular system Tachycardia, postural hypotension, decreased body temperature, may aggravate 212
existing heart disease

Reproductive system Decreased sperm counts 213, 207

∆9-THC, the compound may also be subject to the system may play a role in the pathogenesis of schiz-
‘first pass’ effect. ophrenia. However, CBD, also used as an anti-

anxiety agent, was successful in treating a schizo-Some of the more common adverse effects of
phrenic patient experiencing the adverse effects ofcannabinoid administration are listed in table IV and
antipsychotics and was effective at reducing psy-have been recently reviewed by Ashton.[203] The
chosis including ‘thought disturbance’ and ‘hostili-acute actions of cannabinoid administration include
ty-suspiciousness’.[216] Following withdrawal ofeuphoria, sedation, reduced memory and cognitive
CBD, the patient’s symptoms became worse.functions, and ataxia. In addition, it has been sug-

gested that cannabinoid usage may increase psycho- In individuals who use cannabis regularly, the
sis in patients with mental disease, especially schiz- development of tolerance to the effects is thought to
ophrenia.[204] limit the associated adverse effects compared with

casual users, although there is the possibility ofVolunteers intoxicated with ∆9-THC exhibit
long-term cognitive impairment. Although anecdo-3-dimensional inversion illusion, which has similar-
tal evidence suggests that long-term cannabis usersities to a neuropsychological cognitive impairment
have an increased susceptibility to infection, proba-in the regulation of perception seen in patients with
bly as a result of an impaired immune system,schizophrenia.[214] Interestingly, the impaired per-
studies of various immune cells from regular usersception due to nabilone administration could be
of cannabis suggest that the effects on the immunepartially inhibited by administering CBD concur-
system are transient and reversible.[132,134]

rently.[215] A recent report describes an increase in
the endocannabinoids anandamide and PEA, but not Where cannabinoids have been used in clinical
2-AG, in the CSF of patients with schizophrenia, but trials for nausea and vomiting, the most common
not in control individuals.[211] In addition, an in- adverse effects include somnolence, dry mouth,
crease in CB1 receptor binding in the dorsolateral ataxia, dizziness and dysphoria.[217] Despite the
prefrontal cortex was observed in the patients with presence of adverse effects from cannabinoids, they
schizophrenia.[211] This evidence suggests that a are usually transient and ‘acceptable’ compared
dysfunctional imbalance in the endocannabinoid with those often associated with other drugs.[103]
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3.1 Hypothetical Solutions to Dissociating protonation to CBD, as reviewed by Agurell et
Unwanted from Therapeutic Effects al.[202] Although smoking is an effective method of

delivering ∆9-THC to the bloodstream, it is unac-
ceptable as a delivery route for therapy. The tran-Adverse events following cannabinoid adminis-
sient nature of cannabinoid effects makes it likelytration can be correlated to the site of CB1 receptor

expression in the CNS, which may limit the thera- that frequent administration will be required to
peutic potential of CB1 receptor–specific com- maintain efficacy, and therefore intravenous injec-
pounds. The identification of novel endocannabi- tion may prove too invasive. Aerosolised adminis-
noid agonists and receptors or use of inhibitors of tration of THC to mice using a small-particle aerosol
cannabinoid degradation and reuptake may help generator nebuliser can elicit antinociceptive effects
overcome this issue. Furthermore, the production of without associated adverse effects such as decreased
nonpsychoactive compounds such as dexanabinol spontaneous locomotor activity and hypother-
and CBD and the elucidation of their modes of

mia.[218] Nevertheless, the antinociceptive effect
action will be of benefit. It is also believed that other

seen following inhalation of ∆9-THC was submax-compounds in natural cannabis extracts may aug-
imal and may have been due to a lower bloodment the response to ∆9-THC. Compounds such as
concentration of ∆9-THC compared with the usualPEA do not appear to bind to either CB1 or CB2
dose administered intravenously.[218]

receptors, yet they can have an effect in addition to
enhancing that of ∆9-THC. Therefore, further study A possible explanation for the difference in
of these augmenting compounds may allow a lower ∆9-THC action, depending upon the route of admin-
dose of ∆9-THC to be administered concurrently, istration, may be that ∆9-THC is a more potent
resulting in fewer adverse effects but maintaining antinociceptive agent than for the other two indices,
the therapeutic benefit. spontaneous locomotor activity and hypothermia.

In diseases where CB2 receptor agonists may be Consequently a submaximal dose may still have
effective, the CB1 receptor–mediated adverse ef- antinociceptive effects without producing unwanted
fects may be eliminated completely by the use of adverse effects. Additionally, oral administration of
CB2 receptor–specific compounds. The finding of a ∆9-THC (which is the route used in many clinical
novel endocannabinoid, virodhamine, may prove trials) is subject to first-pass metabolism and has a
useful clinically, as not only is it a CB2 receptor

delayed onset of action, between 30 minutes and 2
agonist, but it also has some CB1 receptor antagonist

hours, whereas aerosolised ∆9-THC can inhibitproperties.[81] Therefore, the role of the CB2 receptor
nociception in between 5 and 40 minutes.[218,219]

in many diseases requires further study.
Therefore, inhalation of ∆9-THC allows for an im-

The optimal dose and route of administration of
mediate elevation of the arterial blood drug concen-

the numerous cannabinoid compounds has not been
tration.[219] The difference between the duration andfully studied and may lead to improved efficacy of
bioavailability of circulating active ∆9-THC, fol-cannabinoid treatment. By administering a low dose
lowing either oral or aerosolised delivery, may ac-of cannabinoids directly to the target site or organ, it
count for the difference in the mode of action ofmay be possible to reduce high systemic concentra-
∆9-THC. The use of inhalers to deliver ∆9-THCtions and therefore decrease adverse effects.
directly to the lungs therefore is a feasible route ofCurrent clinical trials are administering ∆9-THC
administration and is currently being studied in aby the oral route. However, this may reduce the
clinical trial in patients with MS. In addition, the usebioavailability, thereby resulting in a reduced thera-
of ∆9-THC analogues with shorter half-lives or dif-peutic effect. It is likely that the low pH of the
ferent vehicle compounds may also limit unwantedstomach and the acid contained therein may degrade
effects.∆9-THC and cause isomerisation to ∆6-THC and
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