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Abstract
The cannabinoids are found to have particular application as neuroprotectants for mental
and motor dysfunction in neurodegenerative diseases. The neuroprotective properties of
cannabinoids suggest their therapeutic use for limiting neurological damage. The cannabinoids treatments should not only aim to alleviate specific symptoms but also attempt to delay/arrest disease progression and to repair the damaged structures. The author conducted
a review of studies published between 1974 and 2011. The search was performed using the
following PubMed search terms: “Cannabinoids” and “Neurodegenerative Diseases” and
287 papers were detected. The articles were examined and the overlapping or insufficiently
clear works were excluded. Finally we chose 117 articles regarding the latest international
guidelines, the pathophysiology of neurodegenerative diseases and the various therapeutic
choices. The studies reported in the present review support the view that the cannabinoid
signalling system is a key modulatory element in the activity of the basal ganglia. This idea
is supported by different anatomical, electrophysiological, pharmacological and biochemical
data. Furthermore, these studies indicate that the cannabinoid system is impaired in different neurological disorders that directly or indirectly affect the basal ganglia, which supports
the idea of developing novel pharmacotherapies with compounds that selectively target specific elements of the cannabinoid system.
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Introduction
The recreational use of Cannabis Sativa preparations is known to most people
[1]. However, the medicinal use of Cannabis also has a millenarian history that has
been re-examined only very recently [2]. As early as 2600 BC, the Chinese emperor
Huang Ti advised taking Cannabis for the relief of cramps and rheumatic and menstrual pain [3]. This long history of Cannabis medical use has resulted in the development of pharmaceutical drugs, such as Dronabinol and Cesamet. These preparations
is based on ∆9-tetrahydrocannabinol (THC, Figure 1), which in 1964 was identified
by Mechoulam and coworkers as the major psychoactive component of cannabis.
They are prescribed in the United States as anti-emetic and appetite-stimulants to
patients with cancer and AIDS. To date, some 60 plant terpenophenols more or less
related to THC have been isolated and defined cannabinoids [4]. ∆9-tetrahydrocannabinol, for its potency and abundance in cannabis, is the most important.

Cannabinoid Receptors
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Thus far, two cannabinoid-specific receptors have been cloned and characterized
from mammalian tissues, the seven transmembrane G protein-coupled cannabinoid
receptors type 1 (CB1 receptor), [5] and type 2 (CB2 receptor) [6]. Whereas the CB1
receptor expression is abundant in the central nervous system, the CB2 receptor is
almost exclusively expressed in the immune system. The CB1 receptor is also expressed in peripheral nerve terminals and various extraneuronal sites such as the
testis, uterus, eye, vascular endothelial, spleen and adipocytes [7-10]. Pharmacologi• Page 69 of 82 •
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Figure 1: Chemical structure of ∆9-tetrahydrocannabinol.

cal evidence exists for the presence of other cannabinoid receptors, which, however,
have not yet been cloned [11].
CB1 and CB2 receptors share only 44% overall identity and 68% within the transmembrane domains. Both cannabinoid receptors are coupled to G proteins, mostly
of the Gi/o type, through whose α subunit they inhibit the activity of adenylate cyclases and stimulate mitogen-activated protein kinases. However, additional studies
established that cannabinoid receptors were also coupled to ion channels, resultant
in the inhibition of Ca2+ influx through N type calcium channels [12]. CB1 receptors
are also implicated in activation of both phospholipase C (via the βγ subunits of the
G protein) and PI-3-kinase. CB2 receptors, on the other hand, trigger a sustained
activation of ceramide biosynthesis [13].

The Endocannabinoid System
Several endogenous fatty-acid ligands, known as endocannabinoids, have been
identified as having activity at the cannabinoid receptor. The first to discovered, in
1992, was arachidonoyl ethanolamide (anandamide, AEA) followed by 2-arachidonoylglycerol (2-AG). Both these compounds are derivates of arachidonic acid conjugated with ethanolamine or glycerol and are able to bind to CB1 and CB2 receptors,
although with differences in affinities and activation efficacies [8]. During the last
few years, several other bioactive lipid mediators have described; they appear to
be active, through CB1 and/or CB2 receptors and confer specific pharmacological
effects in vivo. Specifically, the compounds are 2-arachidonoyl-glyceryl-ether (noladin ether), o-arachidonoyl-ethanolamine (virodhamine), N- arachidonoyl-dopamine,
and possibly oleamide [10,14-16] (Figure 2).
Cannabinoid receptors, endocannabinoids and the whole apparatus appointed
of their synthesis and degradation represent the elements of a novel endogenous
signalling system (the endocannabinoid system) which is implicated in a overabundance of physiological functions [17,18]. During the last few years a notable quantity
of data has been reported to understand the biological roles of this system in more
detail.
In general, endocannabinoid system serves several functions under physiological
conditions. In the CNS, endocannabinoids intervene in the regulation of cognitive
functions and emotions in neuronal circuits of the cortex, hippocampus and amygdale and to the reinforcement of substances of abuse in the mesolimbic system [19].
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Endocannabinoids also modulate the control of movement and posture [20], the
regulation of pain perception [21] and cardiovascular [22], gastrointestinal [23], respiratory and reproductive functions. CB2 receptors, instead, are involved in cellular
and particularly humoral immune response, with possible implications for (neuro)
inflammation and chronic pain [24,25].
Apart from the possible physiological functions of the endocannabinoid system
briefly described above, endocannabinoid signalling undergoes dramatic tissue and
• Page 70 of 82 •
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Figure 2: Chemical structure of endogenous cannabinoid.

blood changes under pathological conditions. Higher endocannabinoid levels are
found in the case of experimental models of neurodegenerative disease, like Parkinson’s and Alzheimer’s disease and amyotrophic lateral sclerosis [26].

Cannabinoids for Mental and Motor Dysfunctions in Neurodegenerative Diseases
Cannabinoids for alzheimer disease
AD is the most common neurodegenerative disease in Western Europe, and an
important public health problem as the number of cases is increasing with aging
of the population. It manifests with progressive decline in memory and intellectual abilities, impoverishment of language, disorientation and behavioral skills. The
characteristic neuropathological aspects of AD are senile plaques (SP), neurofibrillary tangles (NFT), and amyloid angiopathy. Brain lesions associated with AD such
as NFT and SP, are characterized by the presence of a broad spectrum of inflammatory mediators produced by cells residing in the brain, including neurons. Although
of secondary importance compared to the fundamental cause that determines the
presence of tangles and plaques, there is strong evidence that inflammation exacerbates the neuronal cell loss. Consequently, AD risk is substantially influenced by
several polymorphisms in the promoter region of genes and other non-coding regions for inflammatory mediators. Alleles that support the increased expression of
inflammatory mediators or alleles that favour the reduced expression of anti-inflammatory mediators are more frequent in patients with AD compared to controls. The
polymorphisms are fairly common in the general population, so there is a strong
probability that everyone will inherit one or more high risk alleles [27,28].
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AD also is characterized by enhanced beta-amyloid peptide (betaA) deposition
along with glial activation in senile plaques, selective neuronal loss, and cognitive
deficits.
• Page 71 of 82 •
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The role of cannabinoid receptors in AD and their possible protective effects after
betaA treatment was studied by Ramirez, et al. [29]. This study showed that senile
plaques in AD patients express CB1 and CB2 cannabinoid receptors as well as markers of microglial activation. Furthermore, while high level of CB1-positive neurons
are present in control cases, they are greatly reduced in areas of microglial activation
[29]. Also, G-protein coupling and CB1 receptor protein expression are markedly decreased in AD brains where’s protein nitration is increased [29]. Cannabinoids (HU210, WIN55,212-2, and JWH-133) prevent both betaA-induced microglial activation,
cognitive impairment, and loss of neuronal markers and abrogate microglia-mediated neurotoxicity after betaA addition to rat cortical cocultures [29]. These results
indicate that cannabinoid receptors are involved in the pathology of AD and that
they may control the neurodegenerative process occurring in the disease.
The neuroprotective actions of CBD in AD was also studied by Iuvone, et al. [30]
by evaluating the effect of cannabidiol, a major non-psychoactive component of the
marijuana plant (Cannabis sativa) on β-amyloid peptide-induced toxicity in cultured
rat pheochromocytoma PC12 cells. β-amyloid peptide induced a strong reduction
of cell survival as well as an increased reactive oxygen species (ROS) production,
lipid peroxidation, caspase 3 (a key enzyme in the apoptosis cell-signalling cascade)
appearance, DNA fragmentation and intracellular calcium was observed. Treatment
of the cells with cannabidiol, prior to β-amyloid peptide exposure, significantly elevated cell survival while it decreased ROS production, lipid peroxidation, caspase
3 levels, DNA fragmentation and intracellular calcium. These results indicate that
cannabidiol exerts a neuroprotective effects against β-amyloid peptide toxicity suggesting the a possible involvement of cannabidiol in the signalling pathway for this
neuroprotection. This hypothesis was supported by a further study where CBD inhibited both nitrite production and nitric oxide synthase (iNOS) protein expression
induced by beta-A [31]. These results of in vitro studies were confirmed in vivo with a
mouse model of AD-related neuroinflammation. Mice were inoculated with human
beta-A into the right dorsal hippocampus, and treated daily with vehicle or CBD (2.5
or 10 mg kg, i.p.) for 7 days. In contrast to vehicle, CBD dose-dependent significantly
inhibited mRNA for glial fibrillary acidic protein and the protein expression in beta-A
injected animals. Moreover, under the same experimental conditions, CBD impaired
iNOS and IL-1beta protein expression, and the related NO and IL-1 beta release [32].
The possibility of CBD inhibiting beta-A-induced neurodegeneration is very promising to AD prevention.

Cannabinoids for parkinson disease
While AD is the most prevalent neurological disorder in the aged population, PD
is the second most common neurodegenerative disease. Several studies indicate the
presence of inflammatory mediators (including TNF-α, IL-1β, IL-6, and interferon-γ
(IFNγ)) in the cerebrospinal fluid (CSF) of patients with PD as well as in the post-mortem substantia nigra pars compacta in PD patient brains [28,33].
There is an increase in the levels of proinflammatory cytokines in the CSF and
nigrostriatal regions of PD brains. Furthermore, large numbers of reactive microglia are found in the substantia nigra of PD patients. These may chronically produce
ROS, resulting in depletion of antioxidant stores that may jeopardize mitochondrial
activity. Since aerobic respiration in mitochondria is responsible for most of the ROS
produced in cells, abnormalities in these organelles may exacerbate oxidative stress
[28,33].
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A recent study [34] showed that CBD may induce neuroprotection in animal models of Parkinson’s disease (PD). Daily administration of CBD for 2 weeks reduced
significantly the toxicity induced by injection of 6-hydroxydopamine into the medial
forebrain bundle [34]. In this model of PD, CBD led to an up-regulation of mRNA
levels of Cu/Zn-superoxide dismutase, a key enzyme in endogenous defense against
oxidative stress. The conclusion was that CBD can provide neuroprotection against
the progressive degeneration of nigrostriatal dopaminergic neurons that occur in
• Page 72 of 82 •
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PD [35]. This study was confirmed by another study showing that CBD reduced the
striatal atrophy caused by 3-nitropropionic acid, in vivo, through mechanisms independent of the activation of cannabinoid, vanilloid TRPV1 and adenosine A2A receptors [36]. Also, the neuroprotective action of CBD in the human basal ganglia was
supported by the strong relationship between N-acetylaspartate/total creatine ratio
and CBD in the putamen/globus pallidum found in recreational cannabis users. This
could reflect an enhancement of neuronal and axonal integrity in these regions by
CBD [37].
Given the above preclinical evidences, for the first time, a clinical study evaluated
the efficacy, tolerability and safety of CBD in PD patients [38]. In an open-label pilot study, six consecutive outpatients with the PD diagnosis received a flexible-dose
regimen of CBD administration (starting with an oral dose of 150 mg/day) for four
weeks, in addition to their usual therapy. The PD psychotic symptoms significantly
were reduced along the CBD treatment, and the scale used to follow up the PD
course exhibited a significant decrease of the total score. These preliminary data
suggest that CBD may have a beneficial action in PD [39].

Cannabinoids for amyotrophic lateral sclerosis
ALS is a progressive neurodegenerative disease in which motor neurons in the
brain and spinal cord are selectively destroyed. Usually, the disease manifests itself
during the mid-50s, although there are rare cases of early-onset ALS. The symptoms
of the disease are muscle wasting and atrophy leading to eventual paralysis and
death [28,40]. ALS is typically fatal within 5 years of diagnosis due to a progressive,
generalized paralysis that eventually affects the muscles of respiration, causing respiratory failure [28,40]. Areas where degenerating motor neurons are present in
both ALS patients and mouse models are marked by the presence of cytokines and
immune cells, including T cells, activated microglia, and astrocytes [28,40].
Although a generalized neuroinflammatory response may be driving progressive
loss of motor neurons, not all inflammatory mediators have been strongly implicated in ALS. For instance, IL-1β may not be critical to ALS pathogenesis as genetic
deletion of IL-1β does not change the lifespan or rate of motor neurodegeneration
in mutant SOD-1 mice [28,41]. Currently, no effective pharmacological agents exist
for the treatment of this devastating disease and neuroinflammation may accelerate
the progression of ALS. However, cannabinoids have been reported to be able to
reduce the progression of ALS neuroinflammatory diseases through both CB1 and
CB2 receptors [42]. The involvement of CB receptors in the development of ALS neuroinflammation was demonstrated by using an ALS animal model: G93A-SOD1 mutant mice cannabinoids [42]. The symptomatic mice showed elevated endogenous
cannabinoids and the treatment with non-selective cannabinoid partial agonists prior to, or upon, symptom appearance minimally delays disease onset and prolongs
survival through undefined mechanisms [42]. Furthermore, in this ALS animal model, CB2 receptors, which normally exist primarily in the periphery, are dramatically
up-regulated in inflamed neural tissues associated with ALS disorders [42]. The efficacy of the selective CB2 agonist AM-1241, to increase the survival interval by 56%
suggest that CB2 agonists may slow motor neuron degeneration and preserve motor
function, and represent a novel therapeutic modality for treatment of ALS [42].

Cannabinoids for multiple sclerosis
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MS is a chronic condition in which the immune system attacks the axonal myelin
sheaths. The site of inflammatory damage is scarred, thus the disease name is derived from sclerosis meaning “scar” in Latin [28,40]. Since these loci of injury can occur anywhere in the brain and spinal cord, the symptoms of the disease are usually
diverse in different patients. These include fatigue, numbness, vision abnormalities,
incontinence, muscle weakness, and paralysis.
MS is an autoimmune condition where foci of chronic inflammation lead to compromise of oligodendrocytes and destruction of the myelin sheath. This is followed
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by axonal damage and consequent neuronal degeneration. Inflammation and neurodegeneration do not occur simultaneously and axonal damage and brain atrophy
may follow months after an acute innate immune response [28,40]. At today, numerous drugs target the immune system to reduce the progression of MS but they
are only moderately effective, and the treatment of MS remains mostly symptomatic
and far from satisfactory [43].
Cannabis had been used in ancient Greece, Rome, China, and India for relieving
muscle cramps, spasm, and pain [44-46] and its therapeutic application in MS is a
topic of recent lively debate [43,47-55]. The effects of THC in MS was studied by using an experimental autoimmune encephalomyelitis (EAE) in rats [56]. In this MS experimental model, THC treatment was able both to reduce neuroinflammation and
to improve neurological outcome as well as survival compared with placebo. Also,
Δ8-THC, a less psychotropic and more stable analog of THC, and the nonpsychotropic
dexanabinol were able to reduce the severity and incidence of neurological deficits
in rats with EAE [57-59]. The efficacy of THC was also confirmed with a mouse model
of chronic relapsing EAE [60] indicating a tonic control of muscle tone by the endocannabinoid system in EAE [60,61]. The use of CB1-deficient mice, which tolerated
inflammatory and excitotoxic insults poorly and developed substantial neurodegeneration after the induction of EAE further confirmed the above studies [53,62-65].
Theiler’s murine encephalomyelitis virus-induced demyelinating disease is another murine model of MS. In this MS model, the treatment with cannabinoids reduced
the progression of symptoms, down-regulated delayed-type hypersensitivity reactions and interferon-γ production, and inhibited the expression of proinflammatory
cytokines in the CNS [66-69].
Given the above the animal data, cannabinoids have shown promise in the treatment of MS in humans. A possible underlying mechanism is suggested by a recent
study in which the endocannabinoid system was found to be highly activated during
CNS inflammation in MS patients and to protect neurons from inflammatory damage
by activating a negative feedback loop in microglial cells via CB1/2-mediated epigenetic regulation of mitogen-activated protein kinase phosphatase 1 expression [70].
Anecdotal reports showing the efficacy of marijuana smoking in relieving symptoms of MS [71,72], were supported by the results of early open or single-blind observations with orally given THC or smoked marijuana, involving small numbers of
patients [73-78]. The results of this study showed a significative improvement in
spasticity, mobility, tremor, nystagmus, mood, and bladder control. In a double-blind
crossover study of a single MS patient, nabilone treatment improved muscle spasms,
nocturia, and general well-being [79]. Although these encouraging reports have triggered numerous larger, population-based clinical trials of cannabis-based medicines
in MS, mixed results have been reported [81-84].
A large multicenter study involving 33 clinical centers and 660 MS patients in the
United Kingdom and United States and supported by the UK Medical Council aimed
to explore the effects of cannabis extract (Cannador) or synthetic THC (Marinol) versus placebo on spasticity, pain, tremor, bladder function, and cognitive function Cannabinoids in Multiple Sclerosis (CAMS) study [85,86]. After 15 weeks of treatment
with Marinol or Cannador there was significant improvements in patient-reported
spasticity, pain, and sleep quality as well as a reduction in hospital admissions for
relapse in the two active treatment groups [85,86]. However, no benefits were observed in Ashworth score, tremor, irritability, depression, or tiredness and dverse
side effects were generally minor and similar to those with placebo [85-87]. The improvements in spasm frequency and mobility by THC plus CBD in MS patients were
confirmed in further studies of similar design [88-93].
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In conclusion, controlled clinical trials with cannabinoids have demonstrated their
efficacy in eliciting symptomatic improvements in MS patients. These results suggest
that there is place for the use of cannabis in the treatment of MS, which should be
confirmed in further larger-scale clinical trials.
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Phytocannabinoids for huntington disease
While neuroinflammation has been targeted in many neurodegenerative diseases
ranging from AD to ALS to PD, it has not received much attention from the HD community. However, several published trials, while not having neuroinflammation per
se in mind, might have also targeted this process [34].
Several studies indicate that inflammation appears in the CNS during the progression of HD and HD-like pathology. Several brain regions from HD patients and
controls revealed increased gliosis and expression of inflammation-related genes, including glial fibrillary acidic protein and complement proteins. Increases were most
pronounced in the caudate putamen where brain pathology is most severe in HD
patients [34]. Also, increased levels of pro-inflammatory cytokines involved in the
innate immune response, such as IL-6, where detected in HD patients as well as an
altered immune profile before onset of clinical HD symptoms, suggesting that striatal
and cortical neurodegeneration could be exacerbated by inflammation [34]. Thus,
it is clear that also HD is related ti neuroinflammation process such as disruption
of normal microglial functions and neuronal distress. This neuroinflammation may
contribute to the death of additional neurons and once better understood, targeted
interference with neuroinflammatory processes, active or reactive, could be a valuable tool for developing new therapeutic approaches [34].
Several studies have reported changes in CB1 receptor levels and CB1 receptor
activity in HD and the findings from such studies suggest a role for the endocannabinoid system in the pathophysiology of these and other neurological diseases [94-96].
Animal models of HD as well as post-mortem studies carried out in HD patients
suggest that CB1 receptors of basal ganglia, are downregulated and/or desensitized
as a result of the expression of the mutant Huntingtin protein, and that this occurs
early in the course of the disease and prior to the appearance of overt clinical symptoms [97-106]. A recent in vivo PET study of HD patients supports these findings,
indicating a significative reduction in CB1 receptor availability throughout the gray
matter of the cerebrum, cerebellum, and brainstem of HD patients even in early stages of the disease [107]. Also, pre-clinical and post-mortem studies in HD patients
indicate an inverse relationship between the decrease in CB1 receptor levels and the
increase in CB2 receptor levels in glial elements, astrocytes, and in reactive microglial
cells [108]. Further clinical and pre-clinical evidence evidence strongly support that
changes in the endocannabinoid system are tightly linked to the pathophysiology of
HD [103-113].
The strong relationship between cannabinoids and HD was further confirmed by a
study using an HD animal model [107]. The results of this study confirmed the CB1 receptors reduction in the basal ganglia leding to increases in Huntington’s-like symptom and the lower levels of BDNF in mice with a lack of CB1 receptors may futher
contribute to HD development. Indeed, BDNF replacement is believed to be a possible therapeutic for HD and has been shown to decrease excitotoxicity and attenuate
motor dysfunction and cell loss in animal models of HD [107].

Novel Therapeutic Applications of Cannabinoids in Neurodegenerative Diseases
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A recent study relates to pharmacologically acceptable non-psychotropic cannabinoids. These compounds act as agents that can afford neuroprotection by exhibiting
anti-inflammatory activity, and/or antioxidative activity, and/or the capacity to block
the AA/PG or lipoxygenase pathway, or the nitric oxide or cytokine pathways and/or
to block excitatory amino acid mediated toxicity by interaction at specific receptors,
such as glutamate receptors [114]. In addition, the present provides agents that can
afford neuroprotection by combined anti-inflammatory, antioxidative and/or glutamate-receptor blocking mechanisms of action. Thus, this study provides pharmaceutical compositions comprising as an active ingredient one of the non-psychotropic
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cannabinoids disclosed herein [114]. These compositions are useful for the treatment
or prevention of ischemia in the CNS as well as in other tissues such as kidney, lung,
liver, heart and joints. The compositions will be neuroprotective and will be useful
for the prevention or treatment of neurodegenerative disease as well as for glaucoma, pain, inflammation, and emesis [114]. This study discloses novel compounds
that are effective in the alleviation and treatment of many of the abnormal states involving inflammation and toxicity. It will be noted that the compounds of the present
invention may operate via diverse mechanisms to provide the neuroprotective and/
or anti-inflammatory properties [114]. Certain embodiments of this study are particularly effective in alleviating and even preventing neurotoxicity due to excitatory
amino acids, also referred to as glutamate neurotoxicity. Glutamate neurotoxicity
may occur during acute injuries to the central nervous system (CNS), such as injuries
due to prolonged seizures, compromised or reduced blood supply, deprivation of
glucose supply and mechanical trauma. The present compositions are also effective
in alleviating other damages to the CNS like damage resulting from poison-induced
convulsions, including but not limited to those considered to be associated with amino acid receptors other than that of glutamate, for example glycine. Unexpectedly,
neuroprotection is also a feature of some of the novel compounds that do not have a
high affinity for the NMDA receptor [114]. The compositions of the present invention
may also be effective in the treatment of certain chronic degenerative diseases that
are characterized by gradual selective neuronal loss. In this connection, the compositions of the present invention are contemplated as therapeutically effective in
the treatment of Alzheimer’s disease, Parkinson’s disease, Huntington’s disease and
amyotrophic lateral sclerosis. Surprisingly, it has been shown experimentally that
more preferred embodiments of this group of compounds can even promote nerve
regeneration [114].
Another study relates generally to cannabinoid compounds and is more particularly concerned with new and improved cannabinoid compounds exhibiting high
binding affinities for the CB2 cannabinoid receptor, pharmaceutical preparations
employing these analogs and methods of administering therapeutically effective
amounts of the preparations to provide a physiological effect [115]. Classical cannabinoids such as the marijuana derived cannabinoid Δ9-tetrahydrocannabinol, (Δ9THC) produce their pharmacological effects through interaction with specific cannabinoid receptors in the body. So far, two cannabinoid receptors have been characterized: CB1, a central receptor found in the mammalian brain and peripheral tissues
and CB2, a peripheral receptor found only in the peripheral tissues. Compounds that
are agonists or antagonists for one or both of these receptors have been shown to
provide a variety of pharmacological effects. There is considerable interest in developing cannabinoid analogs possessing high affinity for the CB2 receptor. Cannabinoid analogs that preferentially stimulate the CB2 receptor, directly or indirectly,
can provide clinically useful effects without affecting the subject’s central nervous
system. Such analogs may offer a rational therapeutic approach to a variety of disease states [115]. It has now been found that certain novel cannabinoids possess
improved CB2 receptor affinity over known cannabinoids. In one aspect of this study,
novel cannabinoids can be represented by the following formula and physiologically
acceptable salts thereof [115]. The novel cannabinoids are also more polar (less lipophilic) then known cannabinoids, which can improve their therapeutic usefulness in
certain applications. Therefore, the novel cannabinoids represent potentially useful
materials for providing a physiological effect to treat neurodegenerative diseases including Multiple Sclerosis, Parkinson’s Disease, Huntington’s Chorea and Alzheimer’s
Disease [115]. The new analogs have high potential when administered in therapeutically effective amounts for providing a physiological effect useful to neurodegenerative diseases [115].
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A further study pertains to a pharmaceutical composition comprising therapeutically effective amount of fully decarboxylated Δ9 Tetrahydrocannabinol (THC), Cannabidiol (CBD), and at least one small molecule, in selected ratios by weight, wherein
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the wherein the composition exhibits an increased but negated psychoactivity with
concurrent enhancement in therapeutic potency of THC and/or CBD [116]. In one
aspect, the study provides a method of treating one or more disease(s) or disorder(s) modulated by the activation of the Cannabinoid CB1 and/or CB2 receptors, by
administering a therapeutically effective amount of the composition of the present
invention to a subject in need thereof [116].
Another study relates to the use of the cannabinoid cannabigerol (CBG) in the
manufacture of medicaments for use in the treatment of diseases and conditions
benefiting from concurrent agonism of the CB1 and the CB2 cannabinoid receptors
such as neurodegenerative disease [117]. According to the first aspect of this study
there is provided the use of the cannabinoid cannabigerol (CBG) in the manufacture
of a medicament for use in the treatment of diseases and conditions benefiting from
agonism of the CB1 and/or the CB2 cannabinoid receptors [117]. Preferably the cannabinoid cannabigerol (CBG) is used in the manufacture of a medicament for use in
the treatment of diseases and conditions benefiting from agonism of the CB1 cannabinoid receptor. Alternatively the cannabinoid cannabigerol (CBG) is used in the
manufacture of a medicament for use in the treatment of diseases and conditions
benefiting from agonism of the CB2 cannabinoid receptor [117]. To conclude the data
presented in the example above show that CBG is a partial agonist at both the CB1
and CB2 cannabinoid receptors. As such this naturally occurring cannabinoid has real
potential for use in the treatment or prevention of diseases benefiting from concurrent agonsim of the CB1 and CB2 cannabinoid receptor.
Another study relates to the use of cannabinoid-containing plant extracts in the
prevention or treatment of neural degeneration. In particular, the invention relates
to use of one or more cannabinoid-containing plant extracts in the prevention or
treatment of neural degeneration, wherein the one or more cannabinoid-containing
plant extracts comprise:
i)

A cannabinoid-containing fraction; and

ii)

A non-cannabinoid containing fraction.

The data generated by the series of experiments described in the accompanying examples provide clear evidence that the cannabinoid-containing plant extracts
are more efficacious than their essentially pure counterparts [118]. Furthermore the
data from the cannabinoid comparator samples provides evidence that the reason
for the improved effectiveness of the cannabinoid-containing extracts over the essentially pure cannabinoids is not purely due to the presence of the minor (or second
most predominant) cannabinoid in the cannabinoid-containing plant extract [118].
It would appear that the increased efficacy of the cannabinoid-containing plant extracts is as a result of the presence of one or more of the other components identified in the plant extracts.

Conclusions
In conclusion, the present paper showed a strong link between cannabinoids and
neurodegenerative diseases. Neuroprotective activities of endocannabinoids appear
to be mainly CB1-mediated thus promising avenues for the therapeutic targeting of
different aspects of neurodegenerative diseases, by stimulating a self-protective endogenous system of the brain and by counteracting oxidative stress.
Increased research on cannabinoid medicine and modulation of the endocannabinoid system in relation to neurodegeneration has the potential to lead to novel
therapies which may help to prevent progression, and potentially initiation, of these
diseases.
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