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Abstract  

Glass, Michelle: The Role of Cannabinoids in Neurodegenerative Diseases. P r o g  Neuro- 
Psychopharmacol Biol. Pscyhiat 2001, 25, pp. 743-765. (72001 Elsevier Science Inc. 

1. An understanding of the actions of Cannabis (Marijuana) has evolved from folklore to science over the 
previous hundred years. This progression was spurred by the discovery of an endogenous cannabinoid 
system consisting of two receptors and two endogenous ligands. 

2. This system appears to be intricately involved in normal physiology, specifically in the control of 
movement, formation of memories and appetite control. As we are developing an mcreased 
understanding of the physiological role of endocannabmoids it is becoming clear that they may be 
involved in the pathology of several neurological diseases. 

3. Furthermore an array of potential therapeutic targets is being determined - including specific 
cannabinoid agonists and antagonists as well as compounds that interrupt the synthesis, uptake or 
metabolism of the endocannabinoids. 

4. This article reviews the recent progress m understanding the contribuuon of endocannabinoids to the 
pathology and therapy of Huntington's disease, Parkinson's disease, schizophrenia and tremor. 
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Kevwords: anandamide, 2-arachidonyl-glycerol, cannabinoid Huntington's disease, marijuana, multiple 
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Abbreviations: 2-arachidonyl gylcerol (2AG), autoimmune deficiency syndrome (AIDS), cannabinoid 
receptor (CB), chronic relapsing expeirmental allergic encephalomyelitis (CREAE), dopamine receptor 1 
(D1), dopamine receptor 2 (D2), experimental autoimmune encephalomyelitis (EAE), gamma-aminobytric 
acid (GABA), globus pallidus externus (GPe), globus pallidus internus (GPi), substantia nigra (SN), delta- 
9-tetrahydrocannabinol Ag-THC, met-enkephalin (ENK) 

I. I n t r o d u c t i o n  

Marijuana has been used for recreational and medicinal purposes for centuries The wide appeal of this 

drug lies predominantly in its ability to alter mood. In contrast the therapeutic effects of marijuana are 

surprisingly broad and include its ability to act as an anti-emetic, analgesic, antMnflammatory, anti- 

spasticity, and appetite-enhancing agent. These characteristics make it particularly useful in the treatment 

of AIDS wasting disorders, nausea associated with AIDS treatment or cancer chemotherapy, neuropathic 

pain disorders and spasticity such as that associated with multiple sclerosis. Marijuana is the common 

name for the plant Cannabis saltva The plant contains at least 66 cannabinmd compounds (Ross and 

Elsohly, 1995), most of which are closely related. Of these A9-tetrahydrocannabinol (Ag-THC) is the 

primary psychoactive component and is thought to mediate most of the diverse physiological effects 

described above. A9-THC binds specxfic receptors (CBI and CB2) which have been identified in the brain 

and in the periphery and belong to the superfamily of G-protein coupled receptors (see Felder and Glass, 

1998). 

Within the central nervous system, the distribution of the cannabinoid CBI receptor has been extensively 

documented (Herkenham et al., 1991b; Glass et al., 1997b). The highest abundance of receptors is 

localised to cerebellar, basal ganglia and hippocampal brain regions. This regional distribution 

corresponds well with the known central effects of cannabinoids, in enhancing mood, altering emotional 

state, and interfering in the formation of short-term memory. Two endogenous ligands - anandamide 

(Devane et al., 1992) and 2-arachidonyl glycerol (Mechoulam et al., 1995) (designated endocannabinoids) 

have been discovered. These compounds are both arachidonic acid derivanves that activate cannabinoid 

receptors both centrally and peripherally. The endocannabinoids may represent the first members of a new 

classes of neuromodulators, that are not stored in cell vesicles, but rather synthesised by the cell on 

demand (Di Marzo et al., 1994). 

As for all neurochemicals, a disruption of the endogenous cannabinoid system could play a causative role 

in disease. Such disruptions could occur on several levels' ( l)  in alterations of cannabinoid receptor 

number; (2) changes in the efficiency with which the receptors transduce signals from the cell surface (ie 

alterations in coupling to signal transduction molecules), (3) alterations in the synthesis of endogenous 
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ligands (4) alterations in the functioning of transporters or metabolism pathways for endocannabinoids. As 

will be described in this review, studies are beginning to implicate the cannabinoid system in the 

pathophysiology of neurological diseases. However, it is not yet known if the alterations in cannabinoid 

function examined are causative or the result of the diseases, and further research is clearly warranted. In 

addition to playing a causative role in the disease process, alterations in cannabinoid function as a result of 

disease processes are likely to contribute to the symptomology of many disease processes, possibly 

implicating cannabinoid compounds as useful therapeutics in these conditions. 

2. Cannabinoid Receptor Distribution and Endogenous Li~ands 

Signal transduction studies provided the first evidence that cannabinoid agonists mediated their effects 

through specific receptor proteins (Howlett and Fleming, 1984). The CBI receptor was cloned from rat 

(Matsuda et al., 1990), and later from human (Gerard et al., 1991) and mouse (Chakrabarti et al., 1995). 

Subsequently, a second cannabinoid receptor subtype (CB2) exhibiting a low homology with the CB~ 

receptor (44% overall, with 68% in the transmembrane regions) was cloned from human myeloid cells 

(Munro et al., 1993). Both receptors have amino acid sequences typical of the family of G protein-coupled 

receptors. In the past 10 years, cannabinoid receptors have been cloned or suggested to exist by binding 

studies from numerous species including birds (Sonderstrom and Johnson, 2000), reptiles (Sonderstrom et 

al., 1999), fish (Yamaguchi et al., 1996), and several invertebrates, such as Strongylocentrotus purpuratus, 

a sea urchin (Chang et al., 1993), Paracentrotus lividus, another sea urchin (Bisogno et al., 1997b), Mytilus 

edulis, a mollusk (Stefano et al., 1996), Htrudo medicinalis, a leech (Stefano et al., 1997) and even Hydra, 

the most primitive animal with a nervous system (DePetrocellis et al., 1999). The lack of genetic variance 

across species suggests the function of the receptors may be evolutionarily conserved. Mice bearing 

genetic deletion of both CBI and CB2 receptors have recently been bred and may provide information 

about additional members of this receptor family (Ledent et al., 1999; Zimmer et al., 1999; Buckley et al., 

2000). 

The initial temptation to classify CBI receptors as neuronal and CB2 receptors as peripheral has proven 

overly simplistic. CBI receptor distribution has been very well characterised in rat (Herkenham et al., 

1991b), human (Westlake et al., 1994; Glass et al., 1997b) and primate brain (Ong and Mackie, 1999) with 

very similar distributions observed across species. The CBI receptor is expressed in high abundance in the 

hippocampus, associational cortical regions, the cerebellum, and within the basal ganglia (Herkenham et 

al., 1991b; Glass et al., 1997b). Binding is sparse or absent from areas of brain stem, medulla, and 

thalamus, which might help explain the general lack of life threatening effects associated with marijuana 

abuse. Over the last few years, CB~ receptor have been localised in peripheral tissues including testis, 

guinea pig small intestine, the mouse urinary bladder, vas deferens, cerebral vascular smooth muscle cells 
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and pre-synaptically on sympathetic nerve terminals (see Pertwee, 1997 for review). In contrast, CB2 

receptors appear to be more discretely locahsed to the marginal zone of the spleen, tonsils, immune ceils 

(eg B-cells, monocytes, T-cells.) (Pertwee, 1997) and in primary cultures of rat microglia (Kearn and 

Hillard, 1997). 

The discovery of the CBt receptor naturally led to a search for endocannabinoids. Knowing the 

hydrophobic nature of cannabinoid agonists, Mechoulam and co-workers focused their search to organic 

solvent extracts of porcine brain (Devane et al., 1992). They isolated a lipid molecule, arachidonyl- 

ethanolamide, that displaced specific bmding of a cannabinoid agonist in rat brain membranes and 

inhibited an electrically induced twitch response in mouse vas deferens The compound was termed 

"anandamide" based on "'ananda" the Sanskrit word for bhss, and its amide-containing chemical structure. 

The structure was shown to be arachidonic acid coupled to ethanolamine through an amide linkage (Fig 1). 

Anandamide has been identified and quantitated throughout the human brain and periphery (Felder et al., 

1996). Signal transduction studies and ligand binding studies have suggested that it can act at both the CBt 

and the CB2 receptor, although it may be more efficacious at CB 1 (Felder et al., 1995). 

A second endocannabinoid, 2-arachidonylglycerol (2-AG; Fig 1), also an arachidonic acid derivative was 

first isolated from canine gut (Mechoulam et al., 1995) and later observed in mouse neuroblastoma cells 

(Di Marzo et al., 1996; Bisogno et al ,  1997a). Levels of 2-AG were found to be approximately 200 times 

higher than anandamide in brain samples (Stella et al., 1997). A recent study has suggested that 2AG is a 

full agonist at the CB2 receptor, whde anandamide is only partial at this receptor, suggesting that the two 

endocannabinoids may have different functional characteristics (Gonsiorek et al., 2000). 

O 

N ~  OH 

ANANDAMIDE (20:4, n-6) 

0 ~-OH 

2-ARACHIDONYL-GLYCEROL 

Fig 1: Chemical structures of the two known endogenous cannabinoids, anandamide (arachidonyl 

ethanolamide) and 2-arachidonyl glycerol. 

3. Synthetic  Cannabinoids  

In an effort to further understand the structure activity relationships of cannabinoids a large number of 

agonists have been generated. Many analogs termed "classical cannabmoids" have been synthesised based 

on the tetrahydropyran structure of Ag-THC (Martin et al., 1995), including the highly potent (-)-11- OH- 
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A8-THC-dimethylheptyl (HU210) (Mechoulam et al., 1988), and nabilone (Fig 2). Highly selective and 

potent cannabinoid receptor agonists have been synthesised which are structurally distinct from A ~- 

THC including the non-classical cannabinolds, such as CP55,940 and the novel aminoalkylindol series of 

compounds (eg WIN 55212-2) (Eissenstat eta]., 1995) (Fig 2). 

(-)-Ag-THC 

CH2OH 

HU 210 

OH 

OH CP 55,940 

NABILONE W , - ,," JWH-015 / 

(o) 

Fig 2. Chemical structures of commonly utilised agonists of cannabinoid receptors. 

Cannabinoid pharmacology was greatly aided by the first high affinity CBI receptor antagonist SR- 

141716A (Rinaldi-Carmona et al., 1994) (Fig 3). This compound appears to possess inverse agonist 

properties under many m vitro conditions (Bouaboula et al., 1997; MacLennan et al., 1998; Glass and 

Northup, 1999), suggesting a high level of spontaneous activity of the CB~ receptor and potentially 

expanding the therapeutic potential of this compound. The last few years have produced promising leads 

for CB2 receptor selective agonists, such as the l-deoxy analogue of HU210 (JWH-015) (Huffman et al., 

1996) (Fig 2) and the indole analogues such as indomethacin morpholinylamlde (Gallant et al., 1996). A 

CB2 receptor selectwe antagonist, SR144528, has also been reported (Rinaldi-Carmona et al., 1998), and 

as for CBI this compound has been demonstrated to possess reverse agonist characteristics (Fig. 3). 

Presently only two cannabinoids are available clinically - Dronabinol (synthetic Ag-THC, MarinoF M) in the 

United States and Nabllone (CesamettM); in Canada and the United Kingdom) Both drugs are indicated 

for nausea and vomiting associated with cancer chemotherapy and appeme stimulation in people with 

AIDs 
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SR 141716A SR 144528 

Fig. 3. Chemical structure of the CB1 antagonist SR141716A and the CB2 antagonist SR144528. 

4. Neuroprotection/Toxicity of  Cannabinoids.  

Several studies have recently exanained the ability of cannabinoids to protect from or to produce neuronal 

injury. The results have been somewhat conflicting, possibly due to the range of models and dosages used. 

A recent study demonstrated that the cannabinoid receptor agonist WIN55,212-2 acting at the CB~ receptor 

could protect against global cerebral ischemia and permanent focal cerebral ischemia in vivo in rats 

(Nagayama et al., 1999). Similarly, a protective CBI mediated effect of WIN 55,212-2 on cultured 

hippocampal neurons exposed to excltotoxicity induced by Mg 2÷ depletion has been demonstrated (Shen 

and Thayer, 1998). In contrast another study described a toxic effect of A~LTHC on cultured hippocampal 

neurons (Chan et al., 1998). 

Several previous reports of non-receptor mediated neuroprotection also exist for cannabinoid compounds 

such as Ag-THC, WIN55,212, the non-psychotropic HU-211 and cannabidiol. These effects are believed to 

be due to the compounds' antioxidant properties (Eshhar et al., 1993; Yoles et al., 1993; Nadler et al., 

1995; Hampson et al., 1998; Nagayama et al., 1999). 

The exact mechanism of cannabinoid-mediated neuroprotection is undetermined, and may vary in 

different models. The ability of cannabinoids to inhibit ion flux through calcium channels (Mackie and 

Hille, 1992) and thereby reduce glutamate release (Shen et al., 1996) is one possible mechanism. 

Cannabinoids can also promote hypothermia, which is neuroprotective in some settings (Corbett et al., 

2000). Finally, cannabinoids exert antx-inflammatory effects, at least in part by inhibiting the proliferation 

of lymphocytes and inducing their death by apoptosis (Schwarz et al., 1994), and inflammation has been 

implicated in focal ischemic brain injury (Nogawa et al., 1997) 
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The discrepant results of the in vitro studies, accent the importance of using in vlvo models to establish 

how potential therapeutic agents are likely to affect intact organisms. Further work is still required to 

determine the time frame of neuroprotection after injury, and its persistence. However the data to date 

does suggest that alterations in the levels of either cannabinoid receptors or endocannabinoids may alter 

the susceptibility of cells to neurotoxicity, such as may occur during the disease process. 

5. Basal Ganglia Disorders 

A simplified basic circuitry of the basal ganglia and major transmitter and receptor systems is 

demonstrated in Fig 4. 

GLU 

q 

THALAMUS 

CORTEX 

GPi I 

GABA 

GPe 

GABA 
GABA/ 

SP 

STN SNpr 

SNc 

Fig. 4 A simplified schematic of the human basal ganglia showing the major connections and 
neurotransmitters. Substantia Nigra pars compacta (SNpc), Substantia Nigra pars reticulata SNr, Gpi- 
Globus Pallidus intemus, Globus Pallidus extemus (Gpe), Subthalamic Nucleus (STN). Neurotransmitters 
- dopamine (DA), substance P (SP), met-enkephalin (ENK), glutamate (GLU). 
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Cannabinoid receptors were determined rather late in the investigation into the complex signalling of the 

basal ganglia systems, and their role has been overlayed onto an already extensively studied system. 

Studies on the distributlon of carmabinoid receptors in the human brain showed some of the highest levels 

of receptor to be in the substantia nigra, and globus pallidus (GP) (Herkenham et al., 1991a; Glass et al., 

1997b) (see Fig 5). Receptor binding studies in the human and rat brains demonstrated that cannabinoid 

receptors are presynaptically localised on striatonigral and striatopallidal terminals m the substantia nigra 

and globus pallidus (Herkenham et al., 1990, Mailleux and Vanderhaeghen, 1992; Glass et al., 1993). As 

such the receptors are likely to be colocalised with dopamine Di receptors in the substantia nigra and 

globus pallidus intemus (Gpi) reglons, and dopamine D2 and adenosine A2a receptors in the globus 

pallidus externus (Gpe) (Schiffman et al., 1991; Fink et aI., 1992; Le Moine and Block 1995). The 

interactions of cannabinoid receptors with the glutamatergic, dopaminerglc and GABAergic systems have 

been reviewed extensively (Glass et al., 1997a; Safiudo-Pefia et al., 1999) and will not be reviewed here, 

except for where they directly lend to the investigation of cannabmoid therapeutics in humans 

Fig. 5 Autoradiograms demonstrating the binding of [3H]-CP55,940 to CB~ receptors in the adult human 
(A) striatal complex at the level of the ventral striatum; (B) caudate-putamen-pallidal complex at the level 
of the ventral pallidum; (C) substantia nigra in the midbrain and (D) the substantia nigra of a Grade 0 
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5.1 Huntington's Disease 

Huntington's disease is a progressive neurodegenerative disorder characterised by motor disturbance, 

cognitive loss and psychiatric manifestations. It is a late onset disorder that is inherited in an autosomal 

dominant fashion. Huntington's disease is characterised by a distinctive choretic movement disorder 

(chorea meaning dance) that typically has a subtle insidious onset at 40-50 years of age and gradually 

worsens over a period of 10-20 years. Neuropathologically, atrophy and cell loss have a progressive 

course that has been defined in five stages of severity, ranked from Grade 0 representing no detectable 

gross or macroscopic abnormalities to Grade 4 represented by severe and diffuse neuronal loss and 

astrocytosis in the caudate and putamen, severe caudate atrophy with concave ventricular border and 

atrophy of the putarnen and internal capsule. Paradoxically the symptomology appears to correlate poorly 

with the pathological grade. The mutant gene in Huntington's disease is located on the short arm of 

chromosome 4, and consists of an unstable trinucleotide repeat expansion (The Huntington's Disease 

Collaborative Research Group, 1993). However, the role of this genetic sequence is still largely not 

understood, and the primary biochemical deficit leading to the development of Huntington's disease 

pathology remains a mystery. Neurochemical studies in Huntington's disease have not yet lead to any 

successful therapeutic rationale, but have provided an understanding of which systems are vulnerable to 

this disease. Medium spiny GABAergic striatal projection neurons, the predominant neostriatal cell type, 

are particularly vulnerable in Huntington's disease, (Graveland et al., 1985) while there is selective sparing 

of cholinergic intemeurons, (Ferrante et al., 1987; Hirsch et al., 1989) and interneurons containing 

somatostatin, neuropeptide Y, and NADPH-diaphorase (Beal et al., 1985; Dawbarn et al., 1985). 

As shown in Fig. 4, two populations of GABAergic striatal efferent neurons can be demonstrated based 

on their projection targets and neuropeptide content (Parent et al., 1984; Beckstead and Cruz, 1986; 

Gimenez-Amaya and Graybiel, 1990; Reiner and Anderson, 1990). Striatal neurons projecting to the GPe 

are enriched in met-enkephalin (enk), whereas the striatal neurons projecting to the GPi and to the 

substantia nigra are enriched in substance P (Reiner and Anderson, 1990). Recent studies have suggested a 

differential pattern of degeneration of these projection neurons in Huntington's disease. In pre-symptomatic 

cases and in early degenerative grades of Huntington's disease GABA/enk-coutaining neurons projecting to 

the GPe and GABA/substance-P containing striatal neurons projecting to the substantia nigra are 

preferentially effected, with relative sparing of GABA/substance P containing neurons projecting to Gpi 

(Reiner et al., 1988; Albin et al., 1992; Faull et al., 1993). By late grades of Huntington's disease, all 

striatal projection neurons show extensive loss. 

Recently this pattern of loss has been confirmed in a detailed study examining the relative loss of 

cannabinoid and dopamine receptors through several grades of Huntington's (Glass et al., 2000). 

However, the case of cannabinoid receptors is not simplistic, because the observed loss of CBI receptors 
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precedes the loss of co-localised dopamine receptors and therefore precedes the terminal atrophy. Thus, 

within the globus pallidus, cannabinoid receptor binding was dramatically decreased in the GPe in the very 

early Huntington's disease cases, and exceeded the loss of binding density within the Gpi. This finding 

was consistent with GABA/enk neurons projecting to the GPe being more vulnerable in early Huntington's 

disease than GABA/sub P neurons projecting to the GPi In contrast to the receptor changes in the GPe, 

where cannabinoid and dopamine D2 receptors were lost simultaneously in Huntington's disease, in the GPi 

the cannabinoid receptor changes preceded alteratxons in Dt receptor binding. In Grade 0 Huntington's 

disease there was a substantial loss of cannabmoid receptor binding in the GPi. However, in these cases Di 

receptor binding was normal and there was no evidence of up-regulation of GABAA receptors suggesting 

the preservation of the GPi synaptic terminals in these cases. Thus, in the Grade 0 cases there appears to be 

a preferential loss of cannabinoid receptor binding in GPi prior to terminal degeneration. In Grade 1 

Huntington's disease, the findings are more complicated. A further decrease in cannabinoid receptor 

binding is observed, while the density of D~ receptors remained at normal levels, suggesting intact 

terminals. The preservation of stnato-pallidal terminals is further supported by normal substance-P 

concentrations in GPi in Grade 1 cases (Reiner et al., 1988, Albin et al, 1992: Faull et al., 1993). 

However, an upregulation of GABAA receptors is detectable in Grade 1 Huntington's disease, suggesting 

that alterations in the functioning of the medium spiny neurons, in the form of decreased GABA levels, are 

occurring prior to any detectable terminal degeneration. 

Consistent with the results in the GPi is the finding of a similar pattern of changes in the substantia nigra. 

Thus, in Grade 0 Huntington's d~sease cannabinoid receptors m the substantia nigra demonstrated a 

pronounced decrease in binding density but Di receptor binding was equivalent to that seen in controls. If 

Dt receptors can be considered to be markers for striatonigral terminals then these findings would again 

suggest that the cannabinoid receptor binding is being compromised prior to the degeneration of the 

terminals. It is difficult to explain the possible functional significance of the loss of CBI receptors prior to 

the loss of co-localised dopamine receptors. In recent years several excellent studies have investigated the 

interactions of cannabinoid and dopamme in the projection nuclei of the basal ganglia (Safiudo-Pefia et al., 

1996a, b, Safiudo-Pefia and Walker, 1997; Giuffrida et al, 1999) demonstrating a highly complex 

interaction between these two systems. It is interesting to speculate that perhaps the early down regulation 

of cannabinoid receptors is a compensatory mechanism in Huntington's disease. Albin et al. (1989) 

proposed a model for the early symptoms of Huntington's disease which demonstrates that decreased 

GABA/enk input to the GPe of the basal gangha results in increased inhibition of the subthalamic nucleus, 

which in turn results in disinhibition of thalamocortical fibres. Several stu&es have suggested that 

cannabinoid receptor activation may inhibit the release of GABA from projection terminals (Miller and 

Walker, 1995; Szabo et al., 1998), thus loss of cannabinoid receptors may result in increased GABA 

release within these regions, which may compensate for the initial loss of GABAergic functioning. That 
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alterations in cannabinoid receptor levels may significantly alter other neurochemistry was clearly 

demonstrated recently in the production of a mouse lacking cannabinoid receptors (Steiner et al., 1999); 

these animals demonstrated increases in substance P, dynorphin and enkephalin in the caudate nucleus and 

putamen. Alternatively, while DI and cannabinoid receptors are clearly co-localised on striato-nigral and 

striato-pallidal projection terminals, it is possible that they &splay an uneven distribution on these 

terminals. This study would therefore imply that medium spiny neurones with a higher ratio of 

cannabinoid to D I receptors are preferentially degenerating in early Huntington's disease. 

While the mechanism and significance of the cannabinoid receptor loss is speculative at present, these 

changes may indicate that cannabinoids have a central role in the progresslon of neurodegeneration in 

Huntington's disease. Intriguingly, a recent study has demonstrated decreased CBI receptor mRNA in the 

lateral striatum, and cortical regions of transgenetic Huntington's disease mice, prior to the development of 

either Huntington's disease phenotype or neuronal degeneration (Denovan-Wright and Robertson, 2000). 

Therapeutically, cannabidiol has been evaluated in patients wlth Huntington's disease because it was 

shown to produce some anti-dyskinetic effects in laboratory animals (Conti et al., 1988). However, it was 

found to be reactive in a placebo-controlled, double blind trial of Huntington's patients (Consroe et al., 

1991). Cannabidiol is largely inactive at the cannabinoid receptor, however, and only one study in a single 

patient has examined cannabinoid receptor agonists effectiveness in Huntington's dtsease. This study 

found that a single dose treatment of nabilone in one patient with HD resulted in a marked increase in 

choreatic movement disorders (Mtiller-Vahl et al., 1999). If this finding is confirmed, it would be contrary 

to expectations that cannabinolds should result in reduced movement, however, the massive cell loss in 

Huntington's disease may contribute to this apparently contrary finding. One might have expected 

carmabinoids to reduce movements as a result of enhancement of GABA transmission to the GPe as has 

been suggested for the ability of cannabinoids to reduce L-Dopa induced dyskinesia's in Parkinson's 

disease. However, in Huntington's disease, this may not be the case as striatal neurons projecting to GPe 

may already have degenerated at this stage m the disease. The study clearly demonstrated the need for a 

larger scale trial, in which patients at different stages in progression of the disease are assessed as the 

pattern of degeneration suggests that the behavioural responses may vary considerably over the course of 

the disease. Furthermore, and somewhat paradoxically, given the increase in choretic movement observed 

in this patient, cannabinoid antagonists (or reverse agonists) may prove useful in this disease treatment. 

5.2 Parkinson's  Disease. 

Parkinson's disease is a chronic, progressive disorder characterised by akinesia, rigidity, resting tremor, 

and postural instability (Soubrouillard et al., 1997; Blandini et al., 2000). Pathologically the disease is 

characterised by loss of dopaminergic cells in the substantia nigra pars compacta, resulting in a loss of 

dopaminergic input to the striatum. Thus current drug treatment of Parkinson's disease concentrates on 
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increasing dopaminergic function through the use of dopamme precursors such as L-Dopa. Loss of 

dopaminergic signalling in the stnatum results in increased inhibition of the thalamus, and subsequent 

decreased thalamic output, thus surgical approaches which prevent this effect such as pallidotomy are also 

widely utilised. Two studies on small numbers of patients (Reynolds, 1890; Frankel et al., 1990) 

determined that marijuana was not effective in reducing Parkinsonian tremor in five patients studied. 

However the studies in laboratory animals suggest that this may deserve further investigation. 

Cannabinoids potently inhibit rodent motor behaviour and potentiate GABA-and dopamine induced 

catalepsy (Glass et al., 1997a). It is clear that complex interactions exist between cannabinoid and 

dopamine transmitter systems, these have been reviewed elsewhere and so will not be extensively 

discussed (Glass et al., 1997a; Safiudo-Pefia et al., 1999). It is of particular note however, that 

intrapallidal administration of cannabinoids reduces the uptake of GABA from striatopallidal terminals and 

inhibits voluntary movement, thus reproducing Parkinson's like symptoms (Maneuf et al., 1996). 

Furthermore, systemically cannabinoid agonists have been demonstrated to increase catalepsy produced by 

dopamine receptor antagonists at doses below those that produce catelepsy when administered alone 

(Anderson et al., 1996). Consistent with increased cannabinoid tone in the globus pallidus contributing to 

the symptomology, a recent study demonstrated increased 2-arachidoyl glycerol in the globus pallidus of 

rats treated with resperpine, a rodent model of Parkinson's Disease (Di Marzo et al., 2000) 

If increased cannabinoid tone Is indeed a contributing factor in the production of Parkinsonian 

symptology, it would suggest that cannabinoid antagonists may prove therapeutically useful in this 

disorder. Indeed this was demonstrated in a primate model of Parkinson's disease (Brotchie et al., 1998). 

One caveat to this suggestion however comes from the apparent usefulness of nabilone in the treatment of 

L-DOPA induced dyskinesia (Sieradzan et al., 1998) however, it is feasible that by utilising a cannabinoid 

antagonist as an adjunct therapy with L-DOPA, the dose of L-DOPA could be reduced, decreasing the 

incidence of dyskinesia m this disease. 

6. Schizophrenia 

Schizophrenia is a complex disorder characterised by delusions, hallucinations, cognitive deficits and 

dramatic functional impairment. To date the biochemical basis of this disorder remains poorly understood, 

however it is clear that alterations m dopaminergic and glutamatergic systems exist in patients with 

schizophrenia, as well as structural abnormalities such as enlarged ventricles and reduced cortical mass 

probably due to disturbances during development (see Egan and Weinberger, 1997 for review). 

Several lines of evidence exist to suggest a role for cannabinoids in the pathophysiology of schizophrenia. 
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Usage of cannabis is significantly more prevalent amongst schizophrenics than normal individuals 

(Kovasznay et al., 1997), and prolonged abuse of cannabis may trigger relapse of psychotic symptoms in 

schizophrenic patients (Linszen et al., 1994; Andreasson et al., 1997). Similarities between certain 

cognitive impairments occurring in psychoses and the pharmacological effects of cannabis have also been 

identified (Emrich et al., 1997; Leweke et al., 1999b). Finally, elevated levels of anandamide have 

recently been determined in the cerebrospinal fluid of 10 patients diagnosed with schizophrenia (Leweke et 

al., 1999a). 

Additional support for a role of cannabinoid signalling in schizophrenia comes from the existence of 

functional interactions between dopamine and cannabinoids. Drugs that block D2-dopamine receptors 

mitigate the symptoms of schizophrenia, however these compounds are only partially effective in 

preventing the diverse manifestations of the disease, leading to the suggestion that other neurotransmitter 

pathways may be involved in the central pathology. Microdialysis studies have shown that anandamide 

release in the rat dorsal striatum is dramatically stimulated by activation of D2 dopamine receptors 

(Giuffrida et al., 1999), furthermore interactions in signalling pathways between D2 and cannabinoid 

receptors have been documented (Glass and Felder, 1997) The phystological significance of these 

interactions is not well understood, but behavioural studies have demonstrated complex interactions 

between cannabinoids and dopaminergic agents m vivo  (Glass et al., 1997a). Consistent with a potential 

contribution to the disease etiology, or possible treatment some of the highest densities of cannabinold 

receptors are found m regions of the human brain that have been implicated in schizophrenia, including 

prefrontal cortex, basal gangha, hlppocampus and anterior cingulate cortex (Glass et al., 1997b). 

7. Spastieity 

Spasticity is the increased resistance to passive stretch of muscles and increased deep tendon reflexes. 

Muscles may also contract involuntarily. In some cases these contractions are debilitating and painful and 

require therapy to relieve the spasms and associated pain. Spasticity may develop following a lesion in 

descending cortical, cerebellar, and spinal motor pathways involving the pyramidal tract. Spasticity is 

most commonly found in patients with spinal cord injury or multiple sclerosis. It is most commonly 

treated with baclofen (a GABA• agonist) or tizanidine (an c~2-adrenergic receptor agonist) or 

benzodiazepines (GABAA agomsts). Multiple Sclerosis is possibly the most promising avenue for 

therapeutic usage of cannabinoids with clinical trials on cannabis based medicines having recently received 

approval in the United Kingdom. 

Cannabis use has frequently been reported to reduce the muscle spasticity associated with multiple 

sclerosis or spinal cord injury (Dunn and Davis, 1974; Petro and Ellenberger, 1981; Malec et al., 1982; 
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Consroe et al., 1997) and small scale clinical trials with A°-THC have confirmed this (Clifford, 1983; 

Meinck et al., 1989; Greenberg et al., 1994; Martyn et al, 1995). In addltion to reducing the spasticity, 

patients generally also report a decrease in pain during cmmabis use. The most commonly used animal 

model of multiple sclerosis is experimental autoimmune encephalomyelitm (EAE). EAE is an 

inflammatory and demyelinating paralytic disease of the central nervous system resulting from the 

sensitisation of susceptible laboratory animals by myelin antigens or myelin basic protein specific T- 

lymphocytes (Martin and McFarland, 1995). Ag-THC and AS-THC have been demonstrated to inhibit the 

progression of EAE in rodents (Lyman et al., 1989; Wirguin et al, 1994), this effect has been attributed to 

immunosupression preventing the conditions that lead to the development of paralysis, rather than to a 

direct effect on the paralysis ~tself. A recent study has demonstrated that A%THC as well as synthetic 

cannabinoids ameliorated both tremor and spasticity in mice with chronic relapsing experimental allergic 

encepalomyelitis (CREAE) (Baker et al., 2000). These effects appeared to be directly mediated via the 

cannabinoid receptors, although the relative contribution of each receptor remains to be fully elucidated, 

with some antagonism being apparent with both CB~ and CB2 receptor antagonists. While this may 

represent some lack of specificity of the antagonists in vivo, a contribution of the CB2 receptor would be 

intriguing as it implies that therapeutic benefits may be derived m the absence of psychoactivity, and 

deserves further investigation. Also of note in this study was the significant worsening of both tremor and 

hind limb spasticity following administration of the CBI antagonist SR141716A in post-remission CREAE 

mice, but not in healthy or pre-acute CREAE mice. This finding suggests that endocannabinoids may 

become elevated in the progression of this disorder, suggestmg that inhibitors of endocannabinoid 

breakdown might also be a useful therapeutic angle. 

8. Conclusion 

The scientific base of knowledge on the role of cannablnoids m neurological and neurodegenerative 

disease is currently growing at a very rapid rate. Perhaps of key importance at present is that an increased 

understanding of the endocannabinoid system can provide novel therapeutic targets for drug manipulation. 

These range from the development of more receptor selective agonists and antagonists, to blockade of 

metabolising enzymes and prevention of re-uptake of the endocannabinoids. It is hoped that such 

manipulations such as the latter two might mimmise the psychoactivity of the treatments. 
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