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REVIEW

Alzheimer’s disease; taking the edge off with
cannabinoids?
VA Campbell and A Gowran
Department of Physiology and Trinity College Institute of Neuroscience, Trinity College Dublin, Dublin, Ireland

Alzheimer’s disease is an age-related neurodegenerative condition associated with cognitive decline. The pathological
hallmarks of the disease are the deposition of b-amyloid protein and hyperphosphorylation of tau, which evoke neuronal cell
death and impair inter-neuronal communication. The disease is also associated with neuroinflammation, excitotoxicity and
oxidative stress. In recent years the proclivity of cannabinoids to exert a neuroprotective influence has received substantial
interest as a means to mitigate the symptoms of neurodegenerative conditions. In brains obtained from Alzheimer’s patients
alterations in components of the cannabinoid system have been reported, suggesting that the cannabinoid system either
contributes to, or is altered by, the pathophysiology of the disease. Certain cannabinoids can protect neurons from the
deleterious effects of b-amyloid and are capable of reducing tau phosphorylation. The propensity of cannabinoids to reduce
b-amyloid-evoked oxidative stress and neurodegeneration, whilst stimulating neurotrophin expression neurogenesis, are
interesting properties that may be beneficial in the treatment of Alzheimer’s disease. D9-tetrahydrocannabinol can also inhibit
acetylcholinesterase activity and limit amyloidogenesis which may improve cholinergic transmission and delay disease
progression. Targeting cannabinoid receptors on microglia may reduce the neuroinflammation that is a feature of Alzheimer’s
disease, without causing psychoactive effects. Thus, cannabinoids offer a multi-faceted approach for the treatment of
Alzheimer’s disease by providing neuroprotection and reducing neuroinflammation, whilst simultaneously supporting the
brain’s intrinsic repair mechanisms by augmenting neurotrophin expression and enhancing neurogenesis. The evidence
supporting a potential role for the cannabinoid system as a therapeutic target for the treatment of Alzheimer’s disease will be
reviewed herewith.
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Pathophysiology of Alzheimer’s disease
Alzheimer’s disease (AD) is a chronic debilitating neurodegenerative condition that is associated with progressive
cognitive decline and profound neuronal loss, and estimated
to affect 10% of people over the age of 65 years and 25% of
people over the age of 80 years (Herbert et al., 2003). Western
society is developing an increasingly aged population and this
demographic shift is associated with a rise in the prevalence of
age-related illnesses such as AD. The United Nations population projections estimate that 370 million people will be older
than 80 years by 2050 and the associated increase in patients
with AD will pose a substantial socio-economic burden. While
a small proportion of AD cases have a genetic basis, the
majority of cases are sporadic with unknown aetiology. A
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consistent feature of the AD brain is the presence of senile
plaques composed of pathogenic extracellular deposits of
b-amyloid (Ab), a 1–42 amino acid peptide derived from
aberrant processing of the transmembrane amyloid precursor
protein (Walsh and Selkoe, 2007). Ab fragments are proposed
to play a central role in the genesis of the disease by evoking
neuronal cell death (Boland and Campbell, 2003). The senile
plaques are located within various brain regions but the
hippocampus, cerebral cortex and amygdala are particularly
vulnerable and plaques begin to form in these regions early in
the disease process resulting in memory loss and behavioural
changes (Ogomori et al., 1989). A second pathological
hallmark of the disease is the hyperphosphorylation of the
microtubule-associated protein, tau, resulting in formation
of the intracellular neurofibrillary tangles that impair interneuronal communication (Mi and Johnson, 2006). AD is also
associated with neuroinflammatory events and oxidative stress
that are likely to exacerbate the disease process. Epidemiological studies support an involvement of inflammatory
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mechanisms in AD since patients using non-steroidal
anti-inflammatory drugs for a 2-year period have a 60–80%
reduction in the risk for the disease, while long-term nonsteroidal anti-inflammatory drug treatment attenuates disease
onset and reduces the severity of symptoms (Rich et al., 1995).
Microglia are the Principal immune cells in the brain and in
the AD brain they surround the senile plaques, possibly
recruited to the plaque region in an attempt to clear the Ab
burden by phagocytosis (Wilkinson and Landreth, 2006). In
AD, the Ab deposition exceeds the phagocytic ability of the
microglia and the persistent presence of activated microglia at
the plaque results in a prolonged release of proinflammatory
cytokines such as interleukin-1b (Bayer et al., 1999; Heneka
and O’Banion, 2007) which mediate local inflammation and
have the proclivity to increase the processing of amyloid
precursor protein to generate more Ab fragments (Heneka and
O’Banion, 2007), as well as having a direct neurotoxic
influence (Vereker et al., 2000). The association of activated
microglia at the periphery of the senile plaque contributes to
the generation of reactive oxygen species that mediate the
oxidative damage found in the brains of patients with AD
(Wilkinson and Landreth, 2006). Thus, inflammation and
oxidative stress play a critical role in the disease process and
anti-inflammatory and antioxidant strategies are likely to
have enormous therapeutic potential for AD patients. Other
factors that are thought to contribute to the pathophysiology
of AD include dysregulation of intracellular calcium homeostasis and excitotoxicity (LaFerla, 2002). Cholinergic neurones
are particularly vulnerable in AD and current therapeutics
include acetylcholinesterase (AChE) inhibitors that aim to
enhance acetylcholine (ACh) availability. However, such
drugs are only suitable for the mild cognitive impairment
that occurs early in the disease and no treatments are
currently available to reverse the progression of the disease.

Cannabinoid system in the brain
The discovery of an endogenous cannabinoid (CB)-signalling
system in the brain has prompted much research into
understanding how this system regulates physiological and
pathological events within the central nervous system. The
endocannabinoid molecules, 2-arachidonoyl glycerol and
anandamide, interact with the G-protein-coupled cannabinoid receptors, CB1 and CB2. These receptors are also
activated by phytocannabinoids, such as D9-tetrahydrocannabinol (D9-THC), isolated from the Cannabis sativa plant.
The action of endocannabinoids at their receptors is
terminated by enzymatic degradation of the endocannabinoids, or by membrane transport (Piomelli, 2003). Early
reports indicating a potential role for the cannabinoid system
in the management of AD are based on the finding that
Dronabinol, an oil-based solution of D9-THC, improves the
disturbed behaviour and stimulates appetite in AD patients
(Volicer et al., 1997), and alleviates nocturnal agitation in
severely demented patients (Walther et al., 2006). More
recently, an increasing body of evidence has accumulated to
suggest antioxidant, anti-inflammatory and neuroprotective
roles of the cannabinoid system (Jackson et al., 2005).
Such properties may be harnessed to circumvent the
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neurodegenerative process and offer more effective approaches to treat AD (Pazos et al., 2004). In this review the
recent experimental evidence that highlights the potential of
the cannabinoid system to alleviate some of the pathology
and cognitive decline associated with AD will be discussed.

The cannabinoid system in the AD brain
The CB1 receptor is abundant within the brain and
associated with the cortex, hippocampus, cerebellum and
basal ganglia (Herkenham et al., 1991). CB1 receptors in the
hippocampus contribute to the effect of cannabinoids on
learning and memory (Riedel and Davies, 2005); cognitive
processes, which are disrupted early in the course of AD. CB2
receptors have a more limited expression in the central
nervous system, being largely confined to neurones within
the brainstem (Van Sickle et al., 2005), cerebellum (Ashton
et al., 2006) and microglia (Nunez et al., 2004). Post-mortem
studies of AD brains have detected increased expression of
CB1 and CB2 receptors on microglia within the senile plaque,
while CB1 expression is reduced in neurones more remote
from the plaque (Ramirez et al., 2005). Also, cannabinoid
receptors in the AD brain are nitrosylated, and this may
contribute to the impaired coupling of these receptors to
downstream effector signalling molecules (Ramirez et al.,
2005). Other studies have failed to establish a link between
changes in CB1 receptors in the AD brain and the specific
pathological events that take place in this illness (Westlake
et al. 1994), and report no changes in expression of CB1
receptors in the vicinity of the senile plaque (Benito et al.,
2003). However, the endocannabinoid metabolizing enzyme, fatty acid amide hydrolase, is upregulated in the
senile plaque (Benito et al., 2003), and may contribute to the
increase in expression of anandamide metabolites, such as
arachidonic acid, in the vicinity of the senile plaque. Such
a pathway may be involved in increasing the production
of prostaglandins and related pro-inflammatory molecules
that are pertinent to the inflammatory process of AD. The
association of fatty acid amide hydrolase with astrocytes
within the senile plaque may participate in the astrocytic
events that culminate in the reactive gliosis that is observed
in regions rich in Ab deposits (Wyss-Coray, 2006).

Cannabinoids mediate neuroprotection
Neuronal damage can increase the production of endocannabinoids (Stella et al., 1997; Marsicano et al., 2003), and cells
lacking CB1 receptors are more vulnerable to damage
(Marsicano et al., 2003). Those studies indicate that neural
cannabinoid tone influences neuronal survival and suggest
that augmentation of the cannabinoid system may offer
protection against the deleterious consequences of pathogenic molecules such as Ab. Recently, Ab has been demonstrated to induce hippocampal degeneration, gliosis and
cognitive decline, with a concomitant increase in the
production of the endocannabinoid, 2-arachidonoyl glycerol,
and this may reflect an attempt of the endocannabinoid
system to provide neuroprotection from Ab-induced damage
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(Van Der Stelt et al., 2006). Furthermore, in that study, when
endocannabinoid uptake was inhibited by VDM-11, the
Ab-induced neurotoxicity and memory impairment were
reversed, although this was dependent upon early administration of the reuptake inhibitor. Those findings suggest that
robust and early pharmacological enhancement of brain
endocannabinoid levels may protect against the deleterious
consequences of Ab. Other endocannabinoids, such as
anandamide and noladin ether, have been found to reduce
Ab neurotoxicity in vitro via activation of the CB1 receptor and
engagement the extracellular-regulated kinase pathway
(Milton, 2002). Thus, endocannabinoids can reverse the
negative consequences of exposure to Ab, and such findings
suggest that drugs designed to augment endocannabinoid
tone, including inhibitors of membrane uptake and fatty acid
amide hydrolase inhibitors, may have potential in the
treatment of AD. However, the study by Van Der Stelt et al.
(2006) cautions that the timing of endocannabinoid upregulation by pharmacological intervention in relation to the
time-course of development of the disease pathology is
crucial, since administration of VDM-11 later in the pathological cascade actually worsens memory retention in rodents.
Also, the physiological role of the cannabinoid system in
mnemonic processes should not be underestimated. In the
hippocampus CB1 receptor activation is negatively associated
with the performance of rodents in memory tasks (Castellano
et al., 2003), possibly via a reduction in hippocampal ACh
levels (Gifford et al., 2000), while the CB1 antagonist,
SR141716A improves performance in memory tasks (Wolff
and Leander, 2003). Furthermore, the impairment in memory
evoked by Ab in rodents is reversed by SR141716A (Mazzola
et al., 2003), suggesting that CB1 receptor blockade may be
beneficial in reversing the amnesia associated with AD.
However, given the evidence for a neuroprotective role of
the CB1 receptor (Marsicano et al., 2003; Alger, 2006), CB1
antagonists pose the risk of exacerbating the neurodegenerative component of the disease, which may negate the
beneficial effects of such drugs on amnesia.

Cannabinoids and excitotoxicity
The dysregulation of intracellular Ca2 þ homeostasis (Smith
et al., 2005) and excessive activation of the N-methyl
D-aspartate (NMDA) subtype of glutamate receptor, leading
to excitotoxicity, are features of the AD brain (Sonkusare
et al., 2005). All of the clinical mutations in the presenilin
genes (PS1/PS2) that have been linked with the inherited
form of AD disrupt calcium signalling (Smith et al., 2005),
which may contribute to subsequent neurodegeneration and
memory impairments (Rose and Konnerth, 2001). Also, Ab
can itself directly increase voltage-dependent Ca2 þ channel
activity (MacManus et al., 2000), as well as forming Ca2 þ permeable pores in lipid bilayers (Arispe et al., 1993), to
increase intracellular Ca2 þ concentration as part of the
pathogenic mechanism. Ab also reduces glutamate uptake by
astrocytes and increases the activation of glutamate receptors to evoke excitotoxicity (Sonkusare et al., 2005). Thus,
strategies that reduce Ca2 þ influx and limit excitotoxicity
may confer neuroprotection in AD. The non-competitive
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NMDA receptor antagonist, memantine (Namenda, Ebixa) is
used in the treatment of moderate to severe AD (Cosman
et al., 2007), and its beneficial properties are based on an
ability to inhibit pathological, but not physiological, functions of NMDA receptors, as well as antioxidant action and a
propensity to increase production of brain-derived neurotrophic factor in the brain (Sonkusare et al., 2005).
Manipulation of the cannabinoid system has several consequences that mirror those observed with memantine.
Thus, the protective effects of some cannabinoids are related
to the direct regulation of the NMDA receptor, since the nonpsychotropic cannabinoid, HU-211, acts as a stereoselective
inhibitor of the NMDA receptor and protects rat forebrain
cultures (Nadler et al., 1993) and cortical neuronal cultures
(Eshhar et al., 1993) from NMDA-induced neurotoxicity.
Furthermore, activation of the CB1 receptor protects mouse
spinal neurons (Abood et al., 2001) and cultured hippocampal neurones (Shen and Thayer, 1998) from excitotoxicity,
possibly through inhibition of presynaptic Ca2 þ entry
(Mackie and Hille, 1992; Twitchell et al., 1997) and the
subsequent suppression of excessive glutamatergic synaptic
activity (Shen and Thayer, 1998; Takahashi and Castillo,
2006). CB1 receptor agonists also inhibit glutamate release,
which may contribute to a reduction in excitotoxicity
(Wang, 2003). The evidence for a Ca2 þ -dependent synthesis
of anandamide and 2-arachidonoyl glycerol (Di Marzo et al.,
1994; Stella et al., 1997) would suggest that endocannabinoids are generated in response to an intracellular Ca2 þ load
in an attempt to provide feedback inhibition of excitotoxicity. In this regard it is notable that endocannabinoid
upregulation is a feature of a number of neurotoxic
paradigms that are associated with elevated intracellular
Ca2 þ concentration (Hansen et al., 2001). Alternative
mechanisms that are pivotal to cannabinoid-mediated
protection include inhibition of [Ca2 þ ]i by reducing calcium
release from ryanodine-sensitive stores (Zhuang et al., 2005),
inhibition of protein kinase A and reduced nitric oxide
generation (Kim et al., 2006). Like memantine, cannabinoids
are also capable of increasing brain-derived neurotrophic
factor to confer protection against excitotoxicity (Khaspekov
et al., 2004). In non-neuronal cells, the induction of nerve
growth factor is also facilitated by cannabinoids, acting
through the PI3K/PKB pathway (Sanchez et al., 2003), and
activation of the CB1 receptor by the endocannabinoid,
2-arachidonoyl glycerol, can also couple to an axonal growth
response, whereas CB1 receptor antagonists inhibit axonal
growth (Williams et al., 2003). Thus, dampening excessive
glutamatergic transmission and excitotoxicity, coupled with
neurotrophic actions, may represent interesting actions of
cannabinoids that could be exploited for the treatment of AD.

Cannabidiol prevents Ab-mediated neurotoxicity
Cannabidiol (CBD) is the principal non-psychoactive component of Cannabis sativa, with potent antioxidant properties that offer neuroprotection against glutamate toxicity
(Hampson et al., 1998). In differentiated PC12 cells exposed
to Ab, CBD reduces the induction of inducible nitric oxide
synthase (iNOS), nitric oxide production and activation of
British Journal of Pharmacology (2007) 152 655–662
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the stress-activated protein kinase p38 and the inflammatory
transcription factor, nuclear factor-kB (Esposito et al., 2006a),
providing evidence for a CBD-mediated downregulation of
the inflammatory signalling events associated with exposure
to Ab. As well, CBD reduces Ab-induced neuronal cell death
by virtue of its ability to scavenge reactive oxygen species
and reduce lipid peroxidation; antioxidant properties that
occur independently of the CB1 receptor (Iuvone et al.,
2004). CBD also reverses tau hyperphosphorylation, a key
hallmark of AD, by reducing phosphorylation of glycogen
synthase kinase-3b, a tau protein kinase responsible for the
tau hyperphosphorylation in AD (Esposito et al., 2006b).
Moreover, since glycogen synthase kinase-3b also evokes
amyloid precursor protein processing to increase Ab production (Phiel et al., 2003), the CBD-mediated inhibition of
glycogen synthase kinase-3b is likely to be effective in
reducing the amyloid burden. Thus, from such in vitro
studies one can speculate that CBD may be therapeutically
beneficial in AD, since it can prevent the deleterious effects
of Ab and ameliorate several features of AD pathology,
including tau hyperphosphorylation, oxidative stress, neuroinflammation and apoptosis. Whether such actions of CBD
are retained in the AD brain remains to be established, and
experiments to test the effect of CBD in the various
transgenic animal models of AD are eagerly awaited. In the
meantime, reports that CBD is effective as an antioxidant
and neuroprotectant in an animal model of Parkinson’s
disease (Lastres-Becker et al., 2005), and orally effective in a
rat model of chronic inflammation (Costa et al., 2007), lend
support to its potential therapeutic value in AD. There are a
number of advantages of CBD as a therapeutic agent for AD;
it is devoid of psychoactive activity and since CB receptors
are nitrosylated in the AD brain, a feature that may hinder
CB receptors coupling to their downstream effectors (Ramirez
et al., 2005), a therapy that does not depend on signalling
through CB receptors may have a distinct advantage. Sativex
is a cannabinoid-based oromucosal spray, containing CBD
and THC, that is devoid of tolerance or withdrawal symptoms
(Perez, 2006). This therapy is already available for the
treatment of neuropathic pain and multiple sclerosis and
may be exploited in the future for the treatment of AD.

CB2 receptors and neuroinflammation
The CB2 receptor is largely confined to glial cells in the brain
(Nunez et al., 2004), although some studies have reported
CB2 receptors in neuronal populations within the brainstem
and cerebellum (van Sickle et al., 2005; Ashton et al., 2006).
CB2 receptors have been implicated in the control of neural
survival (Fernandez-Ruiz et al., 2007) and mediate neuroprotection through their anti-inflammatory actions (Ehrhart
et al., 2005). CB2 receptors are upregulated in activated
microglia and astrocytes, and this upregulation is proposed
to control the local production of proinflammatory mediators such as interleukin-1b, reactive oxygen species and
prostaglandins. In the AD brain and in animal models of ADlike pathology, CB2 receptors are upregulated within the
active microglia present in those brain regions where senile
plaques are abundant (Benito et al., 2003; Ramirez et al.,
British Journal of Pharmacology (2007) 152 655–662

2005). The upregulation of CB2 in such pathological
situations may be an attempt to reduce neuroinflammation
since CB2 receptor activation in vitro reduces the microglial
production of pro-inflammatory molecules (Facchinetti
et al., 2003). Such control in the production of inflammatory
mediators may be due to a direct impact on activity of
transcription factors, such as nuclear factor kB (Panikashvili
et al., 2005; Esposito et al., 2006a). Thus, the neuroprotective
mechanisms of cannabinoids are likely to include a downregulation in activity of the transcription factors that are
pertinent to induction of the pro-inflammatory cytokines
that serve as key players in neurodegenerative disease, while
also stimulating the production of anti-inflammatory species
such as IL-1ra (Molina-Holgado et al., 2003). The manipulation of such inflammatory pathways may be exploited for
the treatment of AD. In support of this contention, Ramirez
et al. (2005) have demonstrated that in rats treated with Ab,
the induction of AD-like pathology and cognitive impairment, is reversed by the CB1/CB2 agonist, WIN,55212–22
and the CB2-selective agonist, JWH-133. Since the CB2
receptor was only associated with activated microglia located
within the plaque, those authors have suggested that the CB2
receptor may be a promising target for AD by virtue of its
ability to serve as a brake for the neuroinflammatory cascade
that is a feature of AD. CB2 agonists offer the advantage of
being devoid of psychoactivity, although it is important to
recognize that they may have other side effects such as
immune suppression (Pertwee, 2005), which would be
undesirable in an elderly population.

Cannabinoids and neurogenesis in the adult brain
Another exciting mechanism that could account for the
ability of cannabinoids to confer neuroprotection may be
related to their regulation of neurogenesis. Adult neurogenesis can occur in the dentate gyrus of the hippocampus and
the subventricular zone (Grote and Hannan, 2007), resulting
in the presence of newly generated neurones. In several
mouse models of AD neurogenesis is reduced (Dong et al.,
2004), although it should be noted that in the post-mortem
AD brain, neurogenesis is increased (Jin et al., 2004). Factors
that enhance neurogenesis, such as dietary restriction and
upregulation of brain-derived neurotrophic factor, enhance
neurogenesis and improve the memory performance in
animal models of AD (Lee et al., 2000). Thus, targeting adult
neurogenesis is receiving interest as a means to mitigate
the symptoms of AD. In this regard it is notable that the
cannabinoid system also regulates neurogenesis (GalveRoperh et al., 2007). Adult neurogenesis is defective in mice
lacking CB1 receptors (Jin et al., 2004), and the synthetic
cannabinoid, WIN55212-2, stimulates adult neurogenesis by
opposing the antineurogenic effect of nitric oxide (Kim et al.,
2006). Also, the CB1 agonist HU-210 has anxiolytic and
antidepressant effects, which may be a functional consequence of enhanced neurogenesis (Jiang et al., 2005). CB2
receptor activation also stimulates neural progenitor proliferation in vitro and in vivo (Palazuelos et al., 2006), and
targeting neurogenesis via the CB2 receptor would avoid
undesired psychoactive side effects. Thus, the neuroprotective
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effects of cannabinoids may involve short-term adaptation
to neuronal stress, such as limiting excitotoxicity, as well as
longer-term adaptations, such as enhancing neurogenesis. It
remains to be established whether or not the beneficial effects
of cannabinoids on memory, neuroinflammation and neurodegeneration in animal models of AD are due to a functional
consequence of an enhancement in neurogenesis.

Targeting acetylcholinesterase with cannabinoids
Currently there are four approved drugs (tacrine, Cognex;
donepezil, Aricept; rivastigmine, Exelon; galantamine, Reminyl) that are used to alleviate the symptoms of early stage AD
by inhibiting the active site of AChE, thus increasing the levels
of ACh at the synaptic cleft and enhancing cholinergic
transmission. In addition, AChE accelerates that assembly of
Ab peptides into fibrillar species by forming complexes with Ab
via the peripheral anionic site on AChE (Inestrosa et al., 1996),
an interaction that increases the neurotoxicity of the Ab fibrils
(Alvarez et al., 1998). Thus, AChE inhibitors offer a twopronged attack for the treatment of AD by virtue of their ability
to enhance ACh availability, as well as reduce amyloidogenesis
and subsequent neurotoxicity. A recent study has demonstrated that D9-THC competitively inhibits AChE and prevents
the AChE-induced aggregation of Ab by virtue of D9-THC
binding to the peripheral anionic site on AChE (Eubanks et al.,
2006). Compared with tacrine and donepezil, D9-THC was
found to be more robust inhibitor of Ab aggregation, suggesting that D9-THC and its analogues warrant further investigation
as AChE inhibitors for use in the treatment of AD.

Do cannabinoids have a role for the treatment of
other neurodegenerative conditions?
It is also worth considering how the aforementioned
properties of cannabinoids may be beneficial in ameliorating
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the symptoms of other diseases in which neuroinflammation, oxidative stress and neurodegeneration are key features, such as multiple sclerosis and Parkinson’s disease.
Benito et al. (2007) have reported that components of the
cannabinoid system are upregulated in multiple sclerosis
(MS) plaques, suggesting that endocannabinoids either have
a role in the pathogenesis of MS or may be upregulated as a
consequence of the pathology. MS is associated with
excitotoxicity (Pitt et al., 2000; Smith et al., 2000) and
neuroinflammation (Ziemssen, 2005), and these represent
features of the disease that cannabinoids may be able to
circumvent. In encephalomyelitis virus-induced demyelinating disease, an animal model of MS, the mixed cannabinoid
agonist HU210 reduces axonal damage and improves motor
function as a consequence of a concomitant activation of the
CB1 receptor in neurones and CB2 in astrocytes (Docagne
et al., 2007). Other studies in animal models of MS have
demonstrated a role for the CB2 receptor in enhancing T-cell
apoptosis (Sanchez et al., 2006) and suppressing microglial
activation (Ehrhart et al., 2005), while the CB1 receptor is
associated with neuroprotection (Pryce and Baker, 2007).
Such neuroprotective and antioxidant properties of cannabinoids also underlie their ability to reverse the motor
deficits in animal models of Parkinson’s disease (LastresBecker et al., 2005; Garcia-Arencibia et al., 2007), and lend
support of a potential role for cannabinoid-based therapies
to mitigate the symptoms of a range of neurodegenerative
conditions.

Conclusion
Alzheimer’s disease is a devastating illness for which there is
no cure. Current AD drugs, which serve as AChE inhibitors,
have a number of unpleasant side effects such as hepatotoxicity and gastrointestinal disturbances. While the NMDA
receptor antagonist, memantine, can modify the disease,
it cannot reverse the process of neurodegeneration.
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Figure 1 Potential sites of action of the cannabinoid system for the treatment of AD. Activation of the CB2 receptor reduces the formation of
reactive oxygen species (ROS) and the release of interleukin-1b from microglia, thus exerting an anti-inflammatory effect. In neurones,
activation of the CB1 receptor reduces intracellular Ca2 þ concentration ([Ca2 þ ]i), protects against oxidative stress and reduces inflammatory
signalling by inhibition of nuclear factor kB. CB1 activation also inhibits glutamate release to reduce excitotoxicity, and enhances neurotrophin
expression and neurogenesis. CBD is neuroprotective and anti-inflammatory in a CB receptor-independent manner, and also reduces tau
phosphorylation. D9-THC inhibits AChE, resulting in enhanced cholinergic transmission and reduced amyloidogenesis. AD, Alzheimer’ disease;
AChE, acetylcholinesterase; CB, cannabinoid; CBD, cannabinoid; D9-THC, D9-tetrahydrocannabinol.
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Manipulation of the cannabinoid pathway offers a novel
pharmacological approach for the treatment of AD that may
be more efficacious than current treatment regimes. Cannabinoids can reduce the oxidative stress, neuroinflammation
and apoptosis that is evoked by Ab, while promoting the
brain’s intrinsic repair mechanisms. Certain cannabinoids,
such as D9-THC, may also increase ACh availability and
reduce amyloidogenesis, although potential psychoactive
side effects may hinder its clinical usefulness. Cannabinoids
clearly offer a multifaceted approach for the treatment of
AD and future studies should focus on examining the
efficacy of cannabinoids in the array of animal models that
exhibit AD-like pathology and cognitive decline. Targeting
the CB2 receptor to reduce neuroinflammation while
stimulating neurogenesis is likely to be of particular interest,
given the reduced risk of psychoactive activity and the close
association of the CB2 receptor with the senile plaque, thus
limiting drug effects to the region of pathology and sparing
the potential for widespread effects on normal neurophysiological processes. In conclusion, manipulation of the
cannabinoid system offers the potential to upregulate
neuroprotective mechanisms while dampening neuroinflammation. Whether these properties will be beneficial in
the treatment of AD in the future is an exciting topic that
undoubtedly warrants further investigation (Figure 1).
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