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Introduction & Overview

Multiple sclerosis is a disease of the brain and spinal cord caused by demyelination (loss

of the insulating sheath) of nerve fibres, believed to be caused by some substance
dissolving or breaking-up fatty tissue of the nerve-sheath'. The condition is
progressive but varies in intensity, with remission of symptoms and relapse
commonly reported. Common symptoms include fatigue, balance problems,
muscle weakness, incontinence, muscle spasms, pain and tremor.’

Current treatments for MS are of little benefit, expensive, and with risks of side effects.

Alpha & B-interferon, and corticosteroids have been found to have some value,
but symptoms are poorly-controlled by existing medications, and no cure has been
found. Many patients are unable to tolerate the side-effects of conventional
medication’

This section reviews and describes the published scientific evidence relating to the use of

cannabis and cannabinoids in the treatment of multiple sclerosis symptoms, and
the involvement of endocannabinoids in the development of the MS disease
process. Scientific developments in this field are rapidly advancing, with an
average of one paper published every ten days over the past four years since my
last review of this field. Over that period the results of many clinical trials have
been published, and the state of basic research into the disease process has
advanced dramatically.

Anecdotal Evidence & Surveys

The potential effect of cannabis on the symptoms of multiple sclerosis were first reported

by sufferers of the disease introduced to cannabis by recreational or social users.
Such anecdotal evidence — i.e. not backed up at the time by clinical assessment,
animal or theoretical basis, nor by clinical trials — includes case studies and self-
completion surveys.

Grinspoon® reports a number of anecdotal reports of dramatic improvement in MS

symptoms attributed to marijuana (cannabis) use. Initially, these were unexpected
findings following social use of the drug. In one account, Greg Paufler described
a progressive degeneration, following onset of MS in 1973, to bedridden status,
and severe side effects (dramatic weight gain, addiction to benzodiazepines) from
prescribed medicines. Following several social ‘joints’ one evening, he
astonished family and friends by standing spontaneously for the first time in
months. He subsequently found that his symptoms deteriorated without the drug,
but improved dramatically during periods when he was smoking cannabis.
Grinspoon reviewed further cases showing improvements in muscle spasms,
tremor, continence, ataxia (loss of muscle control) and insomnia. Clare Hodges,
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an MS patient giving oral evidence to the House of Lords enquiry, reported
cannabis ‘greatly relieved’ physical symptoms including discomfort of bladder

and spine, nausea and tremors, and stated ‘Cannabis helps my body relax, I function and
move much easier. The physical effects are very clear, it is not just a vague feeling of well-being.”

In a study of 112 MS patients self-medicating with cannabis in the US and UK, Consroe

et al’ reported that 70% of more respondents reported improvement in the
following symptoms:

Spasticity at sleep onset Pain in muscles

Spasticity when awaking at night Pain in legs at night

Tremor (arms/head) Depression

Anxiety Spasticity when waking in morning
Spasticity when walking Tingling in face/arms/head/trunk
Numbness of chest/stomach Pain in face

Weight loss Weakness in legs

The authors considered these reports ‘strongly suggested cannabinoids may significantly
relieve symptoms of MS, particularly spasticity and pain’, and provided sufficient grounds
for a properly controlled clinical trial to test such claims objectively and
conclusively.

A German study® of 170 self-medicating cannabis users found 11% of respondents

reported using the drug successfully in managing MS symptoms, the second most
common use behind depression, and concluded “this study demonstrates a successful use
of cannabis products for the treatment of a multitude of various illnesses and symptoms. This use
was usually accompanied only by slight and in general acceptable side effects.” Mechoulam’
reviews illegal use of cannabis by MS patients. In a UK survey of 318 MS
patients®, 8% reported using cannabis to relieve symptoms.

In a survey of 780 MS patients in Canada, Page et al’ found “Forty-three percent had tried

cannabis at some point in their lives, 16% for medicinal purposes. Symptoms reported to be
ameliorated included anxiety/depression, spasticity and chronic pain” and concluded
“Subjective improvements in symptom experience were reported by the majority of people with
MS who currently use cannabis.” A survey of 131 patients with amytrophic lateral
sclerosis'®, of which only 13 used cannabis, found “cannabis may be moderately
effective at reducing symptoms of appetite loss, depression, pain, spasticity, and drooling” .
Simmons et al'' studied responses to an internet survey by 2529 respondents,
finding cannabis commonly reported as beneficial. Clarke et al”* surveyed 220
MS patients in Canada, finding “Medical cannabis use was associated with male gender,
tobacco use, and recreational cannabis use. The symptoms reported by medical cannabis users to
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be most effectively relieved were stress, sleep, mood, stiffness/spasm, and pain.” Ware et al"

reported results of a survey of medicinal cannabis use in the UK, noting “Medicinal
cannabis use was reported by patients with chronic pain (25%), multiple sclerosis and depression
(22% each), arthritis (21%) and neuropathy (19%). Medicinal cannabis use was associated with

younger age, male gender and previous recreational use (p < 0.001).”

In the Netherlands, cannabis has been available on prescription from pharmacies since

September 2003, Erkens et al** followed up 200 patients prescribed the drug with

a questionnaire survey, finding “Cannabis was mainly used for chronic pain and muscle
crampl/stiffness.The indication of medicinal cannabis use was in accordance with the labeled
indications. However, more than 80% of the patients still obtained cannabis for medicinal purpose
from the illegal circuit. Because of the higher prices in pharmacies, ongoing debate on the

unproven effectiveness of the drug and the hesitation by physicians to prescribe cannabis.”

Animal studies

Scientists have developed animal models for MS in rats, mice and guinea-pigs in the

form of an experimental autoimmune encephalomyelitis (EAE). In guinea-pigs,
Lyman et al” found 98% of animals treated with placebo died, whereas 95% of
THC-treated animals survived the disease process, with much reduced

inflammation of brain tissue. In rats, Wirguin et al'® found ASTHC significantly
reduced neurological deficits in two strains of EAE inoculated rats.

Baker et al"/, studying tremor and spasticity in mice, concluded: “The exacerbation of these

signs after antagonism of the CB1 and CB2 receptors, notably the CBI receptor... indicate that the
endogenous cannabinoid system may be tonically active in the control of tremor and spasticity.
This provides a rationale for patients' indications of the therapeutic potential of cannabis in the
control of the symptoms of multiple sclerosis, and provides a means of evaluating more selective

cannabinoids in the future.” Achiron et al'"® studying rats, found reduction in the
inflammatory response in the brain and spinal cord in animals treated with
dexanabinol, a synthetic cannabinoid, and concluded “dexanabinol may provide an
alternative mode of treatment for acute exacerbations of multiple sclerosis (MS)”. POp]9
reviews the development of dexanabinol, a non-psychoactive cannabinoid and
NMDA antagonist developed by “Pharmos Corp for the potential treatment of cerebral

ischemia... and multiple sclerosis (MS)” commenting “A Notice of Allowance was received in
March 1999 on a patent covering the use of the drug in the treatment of MS [324163]. The use of
dexanabinol and its derivatives to treat MS is described in US-05932610 [358503].”

Fernandez-Ruiz® noted “Data, initially anecdotal, but recently supported on more solid experimental

evidence, suggest that cannabinoids might be beneficial in the treatment of some of the symptoms
of multiple sclerosis (MS). Despite this evidence, there are no data on the possible changes in
cannabinoid CB(1) or CB(2) receptors, the main molecular targets for the action of cannabinoids,
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Killistein et a

either in the postmortem brain of patients with MS or in animal models of this disease (EAE)”,
concluding “generation of EAE in Lewis rats would be associated with changes in CB(1)
receptors in striatal and cortical neurons, which might be related to the alleviation of some motor
signs observed after the treatment with cannabinoid receptor agonists in similar models of MS”
Baker et al*' found “In areas associated with nerve damage, increased levels of the
endocannabinoids... were detected” and concluded “These studies provide definitive evidence

for the tonic control of spasticity by the endocannabinoid system and open new horizons to
therapy of multiple sclerosis, and other neuromuscular diseases, based on agents modulating

endocannabinoid levels and action, which exhibit little psychotropic activity.”

Recent studies of the biological basis of MS largely confirm the efficacy of cannabinoids

in relief of muscle spasticity, including the endogenous cannabinoids amandamine
and 2-arachidonoyl glycerol®”, and by dexanabinol via non-receptor mediated
reduction of inflammation”. Baker at al* considered research to have
demonstrated “definitive evidence for the tonic control of spasticity by the endocannabinoid
system”. In a series of reviews of the implications of recent fundamental
cannabinoid research on therapeutic potential, Pertwee®*® stated: “...uses for CBI
receptor agonists include the suppression of muscle spasm/spasticity associated with multiple
sclerosis...”.  'The main active constituent of cannabis - THC is one such CB1
receptor agonist.

1” concluded “endogenous cannabinoids appear to play an important role in signal
transduction, which may be starting points for therapy regarding... multiple sclerosis” Klein et
al® reported “The effect of cannabimimetic agents on the function of immune cells such as T
and B lymphocytes, natural killer cells and macrophages has been extensively studied over the
past several decades using human and animal paradigms involving whole animal models as well
as tissue culture systems. From this work, it can be concluded that these drugs have subtle yet
complex effects on immune cell function and that some of the drug activity is mediated by
cannabinoid receptors expressed on the various immune cell subtypes... Further studies will define
the precise structure and function of the putative immunocannabinoid system, the potential
therapeutic usefulness of these drugs in chronic diseases such as acquired immune deficiency

syndrome and multiple sclerosis” Lambert et al”, studying N-palmitoylethanolamine
(PEA), an analogue of anandamide, found “PEA is accumulated during inflammation and

has been demonstrated to have a number of anti-inflammatory effects... It is now engaged in phase
1I clinical development, and two studies regarding the treatment of chronic lumbosciatalgia and

multiple sclerosis are in progress.” Brooks et al reported “Activation of cannabinoid
receptors causes inhibition of spasticity, in a mouse model of multiple sclerosis”, finding that
Arvanil, a “structural "hybrid" between capsaicin and anandamide, was a potent inhibitor of
spasticity at doses (e.g. 0.01 mg/kg i.v.) where capsaicin and cannabinoid CB(1) receptor agonists
were ineffective”
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Wilkinson et a

1, studying a mouse model of MS, found “Whilst (cannabis extract) inhibited

spasticity in the mouse model of MS to a comparable level, it caused a more rapid onset of muscle
relaxation, and a reduction in the time to maximum effect compared with Delta9THC alone. The

Delta9THC-free extract or cannabidiol (CBD) caused no inhibition of spasticity” concluding re
antispasticity “Delta9THC was the active constituent, which might be modified by the presence
of other components” Ni et al’' noted “Cannabinoid receptor agonists have been shown to
downregulate immune responses and there is preliminary evidence that they may slow the
progress of MS.” Raman et al” found “Administration at the onset of tremors delayed motor
impairment and prolonged survival in Delta(9)-THC treated mice when compared to vehicle
controls” Mestre et al” concluded their results to suggest “manipulation of the
endocannabinoid system as a possible strategy to develop future MS therapeutic drugs” Weydt
et al* noted the effect on ALS-induced mice of non-psychoactive CBN
(cannabinoid) “significantly delays disease onset by more than two weeks while survival was
not affected”’

Ortega-Gutierrez et al® found that in mice, an anandamide reuptake inhibitor UCM707

would “reduce microglial activation, diminish major histocompatibility complex class Il antigen
expression, and decrease cellular infiltrates in the spinal cord. Additionally, in microglial cells,
UCM?707 decreases the production of the proinflammatory cytokines tumor necrosis factor (TNF)-
alpha, interleukin (IL)-1beta, and IL-6; reduces nitric oxide levels and inducible nitric oxide
synthase expression; and is able to potentiate the action of a subeffective dose of the
endocannabinoid anandamide. Overall, these results suggest that agents able to activate the
endocannabinoid system could constitute a new series of drugs for the treatment of MS.” De

Lago et al®* found “UCM707, like other endocannabinoid uptake inhibitors reported
previously, significantly reduced spasticity of the hindlimbs in a chronic relapsing EAE mice, a
chronic model of MS.”

Studying mice, Arevalo-Martin et al”’ found “cannabinoids reduced microglial activation,

abrogated major histocompatibility complex class Il antigen expression, and decreased the number
of CD4+ infiltrating T cells in the spinal cord. Both recovery of motor function and diminution of
inflammation paralleled extensive remyelination” and concluded there were “potential
therapeutic implications in demyelinating pathologies such as MS; in particular, the possible
involvement of cannabinoid receptor CB2 would enable nonpsychoactive therapy suitable for long-
term use.” Croxford & Miller™ found “cannabinoids are useful for symptomatic treatment of
spasticity and tremor in chronic-relapsing experimental autoimmune encephalomyelitis.
Cannabinoids, however, have reported immunosuppressive properties. We show that the
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cannabinoid receptor agonist, R+WIN55,212, ameliorates progression of clinical disease
symptoms in mice with preexisting TMEV-IDD”

In rat model of MS (CREAE), Cabranes et al’® reported “CB(1) receptors were affected by the

development of CREAE in mice exhibiting always down-regulatory responses that were
circumscribed to motor-related regions and that were generally more marked during the acute and
chronic phases. These observations may explain the efficacy of cannabinoid agonists to improve

motor symptoms (spasticity, tremor, ataxia) typical of MS in both humans and animal models.”

Human studies

Several researchers*'** have commented upon the difficulties involved in conducting

proper research on the effects of cannabinoids on medical conditions, including
MS, in the light of the legal status of cannabis. Robson” comments “ihe
methodological challenges to human research involving a pariah drug are formidable”

Petro & Ellenberger®, in a small double-blind clinical trial found 10mg THC

significantly (p<.01) reduced spasticity in patients with MS or similar conditions,
compared to placebo. In an earlier double-blind crossover trial, Ungerleider et
al® reported ‘At doses greater than 7.5 mg there was significant improvement in patient ratings
of spasticity compared to placebo. These positive findings in a treatment failure population
suggest a role for THC in the treatment of spasticity in multiple sclerosis.’ Clifford‘“’, in a trial
involving 8 patients severely disabled with tremor and ataxia, reported significant
improvement in two patients. Case study reports’’* suggest that cannabis can
suppress pendular nystagmus (jerky eye movements) in patients with multiple
sclerosis.

In a pilot study involving two patients, Brenneison et al*’ reported “Oral and rectal THC

reduced at a progressive stage of illness the spasticity, rigidity, and pain, resulting in improved
active and passive mobility.” In a single case double-blind trial, Maurer et al found
THC “showed a significant beneficial effect on spasticity. In the dosage of THC used no altered
consciousness occurred.”  Consroe et al’' reported cannabidiol (CBD) to produce
dose-related improvements in dystonic movement disorders. Malec et al’* found
spinal cord injured persons reported decreased spasticity with marijuana use.
Other papers have also reported potential benefits of cannabinoids, including
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crude marijuana™’, and the synthetic Nabilone™, where Martyn et al found clear
improvement in well-being, reduced pain from muscle spasm, and reduced
frequency of nocturia during the treatment condition (1mg Nabilone every other
day) compared to worsening of symptoms during no treatment or placebo
conditions.

Meinck et al® reported “The chronic motor handicaps of a 30-year-old multiple sclerosis patient

acutely improved while he smoked a marihuana cigarette. This effect was quantitatively assessed
by means of clinical rating, electromyographic investigation of the leg flexor reflexes and
electromagnetic recording of the hand action tremor. It is concluded that cannabinoids may have

powerful beneficial effects on both spasticity and ataxia that warrant further evaluation.” The
improvements in tremor reported by Meinck & Clifford are dramatically
demonstrated in fig 4 below.

Fig 4 - Effects of THC on tremor in MS patients
Clifford (1983) Meinck et al (1989)
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In a small-scale Dutch trial on MS patients with severe spasticity, Killestein et al’’ noted

“Both drugs were safe, but adverse events were more common with plant-extract treatment.
Compared with placebo, neither THC nor plant-extract treatment reduced spasticity. Both THC
and plant-extract treatment worsened the participant's global impression.”, prompting
Thompson & Baker™ to conclude that the drug was potentially useful but not yet
ready for widespread clinical use. Smith®, whilst accepting the cannabinoids
effectivelyreduce pain and spasticity in multiple sclerosis, highlighted the limited
evidence from available trials, and questioned whether they are superior to
conventional medications. “Whether or not cannabinoids do have therapeutic potential in the
treatment of MS, a further issue will be whether synthetic cannabinoids should be used in
preference to cannabis itself. Smoking cannabis is associated with significant risks of lung cancer
and other respiratory dysfunction. Furthermore, delta9-THC, as a broad-spectrum cannabinoid
receptor agonist, will activate both CBI and CB2 receptors. Synthetic cannabinoids, which target
specific cannabinoid receptor subtypes in specific parts of the CNS, are likely to be of more
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therapeutic use than delta9-THC itself. If rapid absorption is necessary, such synthetic drugs could
be delivered via aerosol formulations.”

Fernandez® recognised the scientific basis and called for more extensive and long-term

clinical trials. Clark® called for reclassification of cannabis in the USA to allow
physicians to prescribe marijuana for MS. Williamson & Evans® conducted a
wide ranging review into the therapeutic uses of cannabinoids, commenting
“Cannabis is frequently used by patients with multiple sclerosis (MS) for muscle spasm and pain,

and in an experimental model of MS low doses of cannabinoids alleviated tremor. Most of the
controlled studies have been carried out with THC rather than cannabis herb and so do not mimic

the usual clinical situation.” Mechoulam® noted “Clinical work in multiple sclerosis, which
may lead to the approval of tetrahydrocannabinol as a drug for this condition” Schlicker et al®
noted “Cannabis (marijuana)... has the potential for the development of useful agents for the
treatment of ... multiple sclerosis.” Carter & Rosen® reported “Marijuana is a substance with

many properties that may be applicable to the management of amyotrophic lateral sclerosis (ALS).
These include analgesia, muscle relaxation, bronchodilation, saliva reduction, appetite stimulation,

and sleep induction.” Guzman et al®® concluded “The neuroprotective effect of cannabinoids
may have potential clinical relevance for the treatment of neurodegenerative disorders such as

multiple sclerosis”

Cannabinoids and Muscle Spasticity

In 1981 Petro & Ellenberger® noted “Spasticity is a common neurologic condition in patients with
multiple sclerosis, stroke, cerebral palsy or an injured spinal cord. Animal studies suggest that
THC has an inhibitory effect on polysynaptic reflexes. Some spastic patients claim improvement

after inhaling cannabis” and, in a mixed patient group, found “10 mg THC significantly
reduced spasticity by clinical measurement (P < 0.01).”” In spinal injury patients, Malec et
al® found “spinal cord injured persons reported decreased spasticity with marijuana use” .

The BMA report recommended 'carefully controlled trials of cannabinoids in patients with
chronic spastic disorders which have not responded to other drugs'

Pertwee® reported in 2002 “There is a growing amount of evidence to suggest that cannabis and
individual cannabinoids may be effective in suppressing certain symptoms of multiple sclerosis
and spinal cord injury, including spasticity and pain.”, noting “Clinical ... trials have shown
that cannabis, Delta(9)-tetrahydrocannabinol, and nabilone can produce objective and/or
subjective relief from spasticity, pain, tremor, and nocturia in patients with multiple sclerosis (8
trials) or spinal cord injury (1 trial).” Pertwee & Ross™ noted “released endocannabinoids
mediate reductions both in inflammatory pain and in the spasticity and tremor of multiple
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sclerosis”. Brooks et al”' reported ““Activation of cannabinoid receptors causes inhibition of
spasticity”

Similarly, Smith™ noted “There is a large amount of evidence to support the view that the
psychoactive ingredient in cannabis, delta9-tetrahydrocannabinol (delta9-THC), and
cannabinoids in general, can reduce muscle spasticity and pain under some circumstances.
Cannabinoid (CB1) receptors in the CNS appear to mediate both of these effects and endogenous

cannabinoids may fulfil these functions to some extent under normal circumstances” While
cautioning “it is still questionable whether cannabinoids are superior to existing, conventional
medications for the treatment of spasticity and pain. In the case of spasticity, there are too few
controlled clinical trials to draw any reliable conclusion at this stage.” In a 2001 review,
Kalant” noted “Recent evidence clearly demonstrates analgesic and anti-spasticity effects that
will probably prove to be clinically useful.”

A small Dutch clinical trial”* found “Compared with placebo, neither THC nor (cannabis) plant-
extract treatment reduced spasticity”, prompting Thomas & Baker” to question
whether western medicine was ready for cannabinoid therapy. However, a larger
scale trial of MS patients by GW Pharmaceuticals’ reported “THC:CBD medicine
provided a highly statistically significant improvement in the symptom of spasticity”.

There is a large amount of research recently undertaken or underway into the antispastic
effects of cannabinoids, particularly in patients with multiple sclerosis or spinal
injury. Less research effort has been conducted to date into patients with
spasticity arising from other neurological conditions, although animal studies
suggest the anti-spastic effects of CB1 receptor agonists are not confined to these
conditions.

GW Pharmaceuticals & Clinical Trials

In November 2002, GW Pharmaceuticals reported the results of Phase III clinical trials of
cannabis-extract based medicines on MS patients”, finding:

(a) “In a double-blind parallel group study comparing the efficacy of GW’s THC:CBD
product with placebo in the treatment of neuropathic pain in 66 patients with MS, the
THC:CBD medicine provided highly statistically significant relief of pain in comparison
with placebo and highly statistically significant reduction in sleep disturbance.”

(b) “In a double-blind parallel group study comparing the efficacy of GW’s THC:CBD
product with placebo in the treatment of chronic refractory pain in 70 patients with MS
and other neurological conditions, the THC:CBD medicine provided statistically
significant pain relief (as evidenced by the diminished use of analgesic rescue medication)
and statistically significant reduction in sleep disturbance.”

(c) “In a double-blind parallel group study comparing the efficacy of GW’s THC:CBD
product with placebo in the treatment of a number of symptoms in 160 patients with MS,
the THC:CBD medicine provided a highly statistically significant improvement in the
symptom of spasticity. Positive trends were also observed in a number of other MS
symptoms (providing useful additional support to significant results obtained in Phase I1
trials).”
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Svendsen et a

Dr Philip Robson, GW Medical Director, commented: “These rigorous randomised
placebo-controlled trials indicate that GW’s cannabis-based medicine can provide additional
benefits over and above that of standard treatments in these serious and refractory neurological
conditions. The results show statistically significant reductions in neuropathic pain, which is
recognised as being difficult to treat and is often particularly distressing. There were also
significant improvements in other symptoms in patients with MS, notably spasticity and sleep
disturbance. In my opinion, it is this broad spectrum of activity, coupled with an excellent safety
profile, which gives GW’s cannabis-based medicine the potential to make a unique contribution
towards improving the quality of life of patients with these chronic disabling diseases.”

1”® conducted a clinical trial in Denmark using Dronabinol (synthetic THC)
finding “Median spontaneous pain intensity was significantly lower during dronabinol treatment
than during placebo treatment... On the SF-36 quality of life scale, the two items bodily pain and
mental health indicated benefits from active treatment compared with placebo’”’, the same team”’
later reported “Dronabinol reduced the spontaneous pain intensity significantly compared with
placebo” 1In a clinical trial of cannabis extracts in Switzerland, Vaney et al® noted
“trends in favour of active treatment were seen for spasm frequency, mobility and getting to sleep.
In the 37 patients (per-protocol set) who received at least 90% of their prescribed dose,
improvements in spasm frequency (P = 0.013) and mobility after excluding a patient who fell and
stopped walking were seen (P = 0.01)” and concluded “A standardized Cannabis sativa plant
extract might lower spasm frequency and increase mobility with tolerable side effects in MS
patients with persistent spasticity not responding to other drugs.”

A clinical trial of cannabis extracts on bladder function in MS patients by Brady et al®

found “Urinary urgency, the number and volume of incontinence episodes, frequency and
nocturia all decreased significantly following treatment (P <0.05, Wilcoxon's signed rank test).
However, daily total voided, catheterized and urinary incontinence pad weights also decreased
significantly on both extracts. Patient self-assessment of pain, spasticity and quality of sleep
improved significantly (P <0.05, Wilcoxon's signed rank test) with pain improvement continuing up
to median of 35 weeks. There were few troublesome side effects” In a large-scale (n=630)
clinical trial of cannabis extract, THC and placebo on bladder function Freeman et

al® found “All three groups showed a significant reduction, p<0.01, in adjusted episode rate (i.e.
correcting for baseline imbalance) from baseline to the end of treatment: cannabis extract, 38%;
THC, 33%; and placebo, 18%. Both active treatments showed significant effects over placebo
(cannabis extract, p=0.005; THC, p=0.039). Conclusion: The findings are suggestive of a clinical
effect of cannabis on incontinence episodes in patients with MS.”

A clinical trial of Sativex on MS symptoms including spasticity, spasms, bladder

problems, tremor or pain by Wade et al* reported “Following CBME the primary

symptom score reduced from mean (SE) 74.36 (11.1) to 48.89 (22.0) following CBME and from
74.31 (12.5) to 54.79 (26.3) following placebo [ns]. Spasticity VAS scores were significantly

reduced by CBME (Sativex) in comparison with placebo (P =0.001).” A clinical trial of 1:1
THC/CBD Sativex on 66x MS patients suffering central pain by Rog et al* found
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“(Sativex) was superior to placebo in reducing the mean intensity of pain (CBM mean change -2.7,
95% CI: -3.4 to -2.0, placebo -1.4 95% CI: -2.0 to -0.8, comparison between groups, p = 0.005)
and sleep disturbance (CBM mean change -2.5, 95% CI: -3.4 to -1.7, placebo -0.8, 95% CI: -1.5 to
-0.1, comparison between groups, p = 0.003). CBM was generally well tolerated, although more

patients on CBM than placebo reported dizziness, dry mouth, and somnolence”

Reviewing clinical trial evidence in 2005, Teare & Zajicek® noted “Recent clinical studies to

treat symptoms of multiple sclerosis have shown varying results, which may reflect issues relating
to the way in which such studies were conducted. There is now increasing interest in the potential
role of cannabinoids not only in symptom relief, but also for their possible neuroprotective

actions.”  Zajicek et al*® followed up clinical trial patients invited to continue
treatment with THC, plant extract or placebo for 12 months, finding a “small
treatment effect on muscle spasticity as measured by change in Ashworth score from baseline to 12
months” for THC (1.82) and extract (0.1) compared to placebo (-0.23), and
concluded “These data provide limited evidence for a longer term treatment effect of
cannabinoids. A long term placebo controlled study is now needed to establish whether
cannabinoids may have a role beyond symptom amelioration in MS.” In a clinical review,
Azad & Rammes® concluded “In multiple sclerosis, cannabinoids have been shown to have
beneficial effects on spasticity, pain, tremor and bladder dysfunction.”

Solaro® conducted two clinical trials of Dronabinol and Sativex on pain in MS patients,

finding “Active drugs were superior to placebo in reducing the mean intensity of pain, although
patients reported side effects such as dizziness and somnolence more frequently” In a clinical
trial of sublingual extracts, Wade et al* found “Pain relief associated with both THC and
CBD was significantly superior to placebo. Impaired bladder control, muscle spasms and spasticity
were improved by CME in some patients with these symptoms.” In a clinical trial studying
effects of cannabinoids on tremor in MS patients, Fox et al® found “no significant
improvement in any of the objective measures of upper limb tremor with cannabis extract compared

to placebo. Finger tapping was faster on placebo compared to cannabis extract (p < 0.02).
However, there was a nonsignificant trend for patients to experience more subjective relief from

their tremors while on cannabis extract compared to placebo” In a further clinical trial,
Notcutt et al’' studied the effect of extracts on relief of chronic pain, finding
“Extracts which contained THC proved most effective in symptom control.”

GW Pharmaceuticals” reported interim results of clinical trials in 2003, including

“THC:CBD (narrow ratio) caused statistically significant reductions in neuropathic pain in
patients with MS and other conditions. In addition, improvements in other MS symptoms were
observed as well” and concluding “The phase II trials provided positive results and confirmed

an excellent safety profile for cannabis-based medicines”

Reviewing results of clinical trials, Corey” noted “Two large trials found that cannabinoids were

significantly better than placebo in managing spasticity in multiple sclerosis. Patients self-reported
greater sense of motor improvement in multiple sclerosis than could be confirmed objectively. In
smaller qualifying trials, cannabinoids produced significant objective improvement of tics in
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Tourette's disease, and neuropathic pain. A new, non-psychotropic cannabinoid also has analgesic
activity in neuropathic pain.” Reviewing results of early clinical trials in 2004, Smith™
conceded “results of preclinical trials also lend support to the hypothesis that the endogenous
cannabinoid system may be involved in the regulation of spasticity and pain” Fernandez-Ruiz
et al” concluded “the control of movement is one of the more relevant physiological roles of the
endocannabinoid transmission in the brain”

Shakespeare et al™ criticised studies of spasticity which failed to use the standardised

‘Ashworth’ scale to score results. In a controlled clinical trial Zajicek et al”’ found

“Treatment with cannabinoids did not have a beneficial effect on spasticity when assessed with the
Ashworth scale. However, though there was a degree of unmasking among the patients in the active
treatment groups, objective improvement in mobility and patients' opinion of an improvement in

pain suggest cannabinoids might be clinically useful.” Killestein et al® conducted a clinical
trial of oral THC and cannabis plant extract in 16 MS patients, finding both drugs
to be safe but neither to be effective at reducing spasticity, and both ‘worsened the
participant’s global perception”. However, another paper from the same study” noted
“The results suggest pro-inflammatory disease-modifying potential of cannabinoids in MS”
Killestein et al'® concluded in 2004 that “convincing evidence that cannabinoids are
effective in MS is still lacking” and that “it is also not possible to conclude definitely that

o e sl0]
cannabinoids are ineffective”

Russo & Guy'”, of GW Pharmaceuticals, reported in 2006 “CBD is demonstrated to antagonise

some undesirable effects of THC including intoxication, sedation and tachycardia, while
contributing analgesic, anti-emetic, and anti-carcinogenic properties in its own right. In modern
clinical trials, this has permitted the administration of higher doses of THC, providing evidence for
clinical efficacy and safety for cannabis based extracts in treatment of spasticity, central pain and
lower urinary tract symptoms in multiple sclerosis, as well as sleep disturbances, (and) peripheral
neuropathic pain... The hypothesis that the combination of THC and CBD increases clinical
' reviewed the results of
clinical trials of Sativex, concluding “Clinical assessment of this combined cannabinoid
medicine has demonstrated efficacy in patients with intractable pain (chronic neuropathic pain,
pain due to brachial plexus nerve injury, allodynic peripheral neuropathic pain and advanced
cancer pain), rheumatoid arthritis and multiple sclerosis (bladder problems, spasticity and central
pain), with no significant intoxication-like symptoms, tolerance or withdrawal syndrome”

efficacy while reducing adverse events is supported.” Perez

Treating the disease process?

Increasing evidence is emerging from receptor and animal studies that cannabinoids may

be involved in the degenerative disease process involved in the development of
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MS, and that cannabinoid therapy may offer hope of halting or even reversing the
disease process.

Molina-Holgado et al'” found anandamide (endogenous CB1 cannabinoid receptor
agonist) reduced the effects of encephalomyelitis in mice, suggesting a receptor-
mediated mode of action in arresting or reducing the autoimmune response
considered to be involved in the MS disease process.

Van Oosten et al'” reported a case study of a 46 year old woman treated for obesity with a

cannabinoid-receptor antagonist who developed MS some months later.

Jackson et al' studied genetically-modified mice where the CB1 receptors had been
disabled, noting an increase in demyelination responses, and concluding that the
results “strengthen the hypothesis of neuroprotection elicited via cannabinoid receptor 1
signaling.” Pryce et al'”, in a study on neurodegeneration in mice, concluded “in
addition to symptom management, cannabis may also slow the neurodegenerative processes that
ultimately lead to chronic disability in multiple sclerosis”

In rats, Carrier et al'® noted “2-AG activation of CB(2) receptors may contribute to the proliferative
response of microglial cells, as occurs in neurodegenerative disorders” Kim et al'” reported
“AM1241 is a cannabinoid CB2 receptor selective agonist that has been shown to be effective in
models of inflammation and hyperalgesia... treatment with AM1241 was effective at slowing signs
of disease progression when administered after onset of signs in an ALS mouse model
(hSODI1(G93A) transgenic mice). Administration at the onset of tremors delayed motor impairment
in treated mice when compared to vehicle controls. Three conditions of ALS, the loss of motor
function, paralysis scoring and weight loss, were analyzed using a mathematical model. Loss of
motor function (as assessed by performance on a rotarod) was delayed by 12.5 days in male mice
by AM1241. In female mice, AM1241 extended rotarod performance by 3 days, although this was
not statistically significant. In male mice, AM1241 also extended by 5 days the time to reach the

50% point on a visually-assessed performance scale.”

Stella'" investigated the effect of cannabinoids on glial cells involved in the MS disease
process, noting “Recent evidence suggests that glial cells also express components of the
cannabinoid signaling system and marijuana-derived compounds act at CB receptors expressed by
glial cells, affecting their functions” Following a tissue-culture study showing that
JWH-015 — a CB2 agonist, reduced neurodegenerative activity in microglial cells,
Ehrhart et al''' postulated “beneficial effects provided by cannabinoid receptor CB2
modulation in neurodegenerative diseases”  Eljaschewitsch et al'” found “the
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Jackson et a

endocannabinoid anandamide (AEA) protects neurons from inflammatory damage by CB(1/2)
receptor-mediated rapid induction of mitogen-activated protein kinase phosphatase-1 (MKP-1) in

microglial cells” Tagliaferro et al'” reported “long-term neuroprotective effects
observed after cannabinoid treatments”

Fujiwara et al'' reported “Delta9-THC markedly inhibited the neurodegeneration in experimental

allergic encephalomyelitis (EAE), an animal model of multiple sclerosis and reduced the elevated
glutamate level of cerebrospinal fluid induced by EAE. These therapeutic effects on EAE were

reversed by SR141716A” Yang et al'” reported “ameliorating effects of cannabinoids on
axonal injury associated with multiple sclerosis are achieved by its direct action” Reviewing
neurodegenerative studies, Yiangou et al''® concluded “CB2 specific agonists deserve
evaluation in the progression of MS and ALS® Witting et al'' reported “activation of
cannabinoid receptors reduces the production and diffusion of harmful mediators” Bilsland et

al'"® concluded “cannabinoids have significant neuroprotective effects”
1'® concluded “neuroprotection could be elicited through the cannabinoid receptor 1, and
point towards a potential therapeutic role for cannabinoid compounds in demyelinating conditions
such as multiple sclerosis”, further concluding'® “There is increasing evidence for
cannabinoid-mediated control of symptoms, which is being more supported by the underlying
biology. However there is accumulating evidence in vitro and in vivo to support the hypothesis that
the cannabinoid system can limit the neurodegenerative possesses that drive progressive disease,
and may provide a new avenue for disease control.”

Learned Reviews

Taylor'?', reviewing potential medical uses in 1998, concluded: “Marijuana shows clinical

promise for... spasticity, multiple sclerosis... As a medical drug, marijuana should be available for
patients who do not adequately respond to currently available therapies.”

In 2002 reviews, Grundy'? reports “Cannabinoids ... provide symptomatic relief in experimental

models of chronic neurodegenerative diseases, such as multiple sclerosis and Huntington's
disease”, but cautioned “Our understanding of cannabinoid neurobiology, however, must
improve if we are to effectively exploit this system and take advantage of the numerous
characteristics that make this group of compounds potential neuroprotective agents.” Pertwee'”

notes “Clinical evidence comes from trials, albeit with rather small numbers of patients. These
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trials have shown that cannabis, Delta(9)-tetrahydrocannabinol, and nabilone can produce
objective and/or subjective relief from spasticity, pain, tremor, and nocturia in patients with
multiple sclerosis (8 trials)’, noting “...experiments, ... with mice ... have provided strong
evidence that cannabinoid-induced reductions in tremor and spasticity are mediated by
cannabinoid receptors.” Pertwee & Ross'* concluded “Potential therapeutic uses of
cannabinoid receptor agonists include the management of multiple sclerosis/spinal cord injury,
pain, inflammatory disorders, glaucoma, bronchial asthma, vasodilation that accompanies
advanced cirrhosis, and cancer.”

In a 2002 review Smith'® concluded “There is a large amount of evidence to support the view that

Baker

the psychoactive ingredient in cannabis, delta9-tetrahydrocannabinol (delta9-THC), and
cannabinoids in general, can reduce muscle spasticity and pain under some circumstances.
Cannabinoid (CBI) receptors in the CNS appear to mediate both of these effects and endogenous
cannabinoids may fulfil these functions to some extent under normal circumstances. However, in
the context of multiple sclerosis (MS), it is still questionable whether cannabinoids are superior to
existing, conventional medications for the treatment of spasticity and pain. ... Synthetic
cannabinoids, which target specific cannabinoid receptor subtypes in specific parts of the CNS, are

likely to be of more therapeutic use than delta9-THC itself’ Contemporaneously, Pertwee'*

concluded “There is a growing amount of evidence to suggest that cannabis and individual
cannabinoids may be effective in suppressing certain symptoms of multiple sclerosis and spinal
cord injury, including spasticity and pain.”, noting that “trials have shown that cannabis,
Delta(9)-tetrahydrocannabinol, and nabilone can produce objective and/or subjective relief from
spasticity, pain, tremor, and nocturia in patients with multiple sclerosis (8 trials) or spinal cord
injury (I trial). The clinical evidence is supported by results from experiments with animal models
of multiple sclerosis. Some of these experiments, performed with mice with chronic relapsing
experimental allergic encephalomyelitis (CREAE), have provided strong evidence that
cannabinoid-induced reductions in tremor and spasticity are mediated by cannabinoid receptors,
both CB(1) and CB(2).” In 2005 Smith'*’ qualified his skepticism, noting “The evidence
for the therapeutic efficacy of cannabinoids in the treatment of multiple sclerosis (MS) is increasing
but is not as yet convincing. Although several trials have reported no significant effect, the majority
of the evidence which supports a beneficial effect on spasticity and pain is based on subjective
measurements in trials where unblinding was likely to be a problem. The available clinical trial
data suggest that the adverse side effects associated with using cannabis-based medicinal extracts
(CBMEs) are generally mild, such as dry mouth, dizziness, somnolence, nausea and intoxication,

and in no case did toxicity develop.”

& Pryce'” noted “those with multiple sclerosis, claim that it may offer benefit in symptom
control. Cannabis exerts many of its effects because it taps into an endogenous cannabinoid
system... Cannabinoids provide a novel therapeutic target, not only for controlling symptoms, but
also slowing disease progression through inhibition of neurodegeneration, which is the cause of
accumulating irreversible disability.” Pryce & Baker'” concluded “abundant experimental
data have reinforced the anecdotal claims of people who perceive medicinal benefit from the
currently illegal consumption of cannabis. This, combined with data from recent clinical trials,
points to the prospect of cannabis as a medication in the treatment of multiple sclerosis and
numerous other medical conditions.”

Croxford & Miller', reviewing early clinical trials, noted “recent research in animal models of

multiple sclerosis has demonstrated the efficacy of cannabinoids in controlling disease-induced
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symptoms such as spasticity and tremor, as well as in ameliorating the severity of clinical disease.
However, these initially promising results have not yet been fully translated into the clinic.
Although cannabinoid treatment of multiple sclerosis symptoms has been shown to be both well
tolerated and effective in a number of subjective tests in several small-scale clinical trials, objective
measures demonstrating the efficacy of cannabinoids are still lacking.” Reviewing clinical

trial and animal evidence, Schwarz et al"*' concluded “Many patients use cannabis to
alleviate spasticity and pain. Small series indicated positive effects, but randomized trials were
negative for spasticity. However, many patients report subjective improvement under cannabis even
if their objective parameters remain unchanged” Trebst & Sangel concluded “there is
reasonable evidence for the therapeutical employment of cannabinoids in the treatment of MS
related symptoms. Furthermore, data are arising that cannabinoids have immunomodulatory and
neuroprotective properties. However, results from clinical trials do not allow the recommendation
for the general use of cannabinoids in MS”

)

In December 2005, Malfitano et al”® summarised the state of knowledge of the

pharmacological, neuroanatomical and biochemical mechanisms behind the role of

cannabinoids in MS thus “An increasing body of evidence suggests that cannabinoids have
beneficial effects on the symptoms of multiple sclerosis, including spasticity and pain. Endogenous
molecules with cannabinoid-like activity, such as the "endocannabinoids", have been shown to
mimic the anti-inflammatory properties of cannabinoids through the cannabinoid receptors.
Several studies suggest that cannabinoids and endocannabinoids may have a key role in the
pathogenesis and therapy of multiple sclerosis. Indeed, they can down regulate the production of
pathogenic T helper 1-associated cytokines enhancing the production of T helper 2-associated
protective cytokines. A shift towards T helper 2 has been associated with therapeutic benefit in
multiple sclerosis. In addition, cannabinoids exert a neuromodulatory effect on neurotransmitters
and hormones involved in the neurodegenerative phase of the disease. In vivo studies using mice
with experimental allergic encephalomyelitis, an animal model of multiple sclerosis, suggest that
the increase of the circulating levels of endocannabinoids might have a therapeutic effect, and that
agonists of endocannabinoids with low psychoactive effects could open new strategies for the

treatment of multiple sclerosis.”

Pertwee'” summarised “CBI and/or CB2 receptor activation appears to ameliorate inflammatory and

neuropathic pain and certain multiple sclerosis symptoms. This might be exploited clinically by
using CB1, CB2 or CBI1/CB2 agonists, or inhibitors of the membrane transport or catabolism of
endocannabinoids that are released in increased amounts, at least in animal models of pain and
multiple sclerosis.” McFarland et al"*'* concluded “augmentation of cannabinergic tone
might be therapeutically beneficial in the treatment of multiple disease states such as chronic pain,
anxiety, multiple sclerosis, and neuropsychiatric disorders”

Summary - Cannabinoids and M.S.

Multiple Sclerosis is a disease for which conventional medication provides little benefit.

There is a wealth of anecdotal evidence from MS patients reporting dramatic

improvement in symptoms following illicit use of cannabis, from case histories
and from surveys.

The results of early small-scale clinical trials were mixed, although more recent large

scale clinical trials have shown THC and cannabis extracts can improve, in
some cases dramatically, symptoms of MS such as pain, ataxia, muscle spasm,
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spasticity, bladder dysfunction and tremor in many (but not all) patients.
Studies failing to find, or finding non-significant effects, have tended to use
subtherapeutic doses.

Recent animal research has indicated a direct receptor mediated immunosuppressive
effect on microglial cells in the brain tissues which may delay or in some cases
reverse the neurodegenerative process in MS-like animal models. This provides
growing evidence that cannabinoids may not only benefit the symptoms of MS,
but may potentially provide a treatment for the disease process itself, offering
unprecedented hope to sufferers of the disease.

The House of Lords Science & Technology Committee recommended in 1998 that
clinical trials of cannabinoids in the treatment of MS be undertaken as a matter
of urgency, and that pending the award of product licences, doctors should be
allowed to prescribe cannabis or cannabis resin as an unlicensed medicine on a
named-patient basis for patients, including MS sufferers. In 2001, they went
further and recommended that cannabis preparations be legalised for medical
use. Since 1998 scientific investigation of the effects and causes of cannabinoid
action on MS and symptoms has exploded, with the vast majority of studies and
reviewers showing a potential therapeutic benefit. However the Medicines
Control Agency (MCA) and National Institute for Clinical Excellence (NICE)
have yet to licence cannabis, THC or Sativex for routine medical prescription.

Clinical trials of the extract Sativex containing roughly equal quantities of THC and
CBD have found the combination more effective than THC alone, largely due
to the increased amount of THC which can be administered before patients
develop a ‘high’, but also due to the anti-inflammatory effects of CBD.
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