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Abstract
The endocannabinoid system is rapidly emerging as a potential drug target for a variety of immune-
mediated central nervous system diseases. There is a growing body of evidence suggesting that
endocannabinoid interventions may have particular relevance to Alzheimer's disease. Here we
present a review of endocannabinoid physiology, the evidence that underscores its utility as a
potential target for intervention in Alzheimer's disease, and suggest future pathways of research.
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INTRODUCTION
While the understanding of the pathophysiologic cascade of events in Alzheimer's disease (AD)
is rapidly evolving, effective treatments interrupting this cascade are lacking. The
endocannabinoid (eCB) system consists of lipid signaling molecules that bind to at least two
G-protein-coupled receptors (GPCRs) and impact both immunity and cognition. As AD is a
neurodegenerative cognitive disorder with an inflammatory component, agents influencing
immunity or cognition may have relevance in AD treatment. GPCRs have historically made
for `drugable' targets (α- and β-adrenergic receptors, muscarinic acetylcholine receptors), and
the ability to manipulate eCB tone and act directly at cannabinoid receptors-demonstrated with
a variety of agents in both cell culture and animal models-indicate the potential for a novel
drug class in AD treatment. Several recent experiments suggest a direct role for the eCB system
in AD pathophysiology and are thus encouraging in terms of the potential for cannabinoid
interventions. The direction of those interventions (whether to augment or attenuate eCB tone)
depends on the confluence of a clear understanding of the relationship between immunity and
disease progression with a clear understanding of the impact of cannabinoids on immunity and
cognition. In an effort to provide a context in the midst of a great deal of complexity and
uncertainty regarding immunity and AD, and to point the way to future research in eCBs in
AD, here we review: 1) eCB physiology; 2) immunity and AD; and 3) the studies establishing
the relevance of the eCB system to AD and cognition. We follow this with suggestions for
future investigations that would move this nascent yet promising field forward.
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COMPONENTS OF ENDOCANNABINOID PHYSIOLOGY
The discovery of a dedicated cannabinoid receptor, CB1, came as a surprise to the research
community as the only known ligand for the receptor at the time of its discovery was the active
component of marijuana, Δ9-tetrahydrocannabinol. This eventually led investigators to the
identification of endogenous ligands; a second cannabinoid receptor, CB2; eCB synthesizing
and metabolizing enzymes; and a reuptake transport system [9,53,56,63]. The endogenous
cannabinoids are signaling biolipids, and include N -arachidonoylethanolamide (AEA) and 2-
arachidonoylglycerol (2-AG), the most widely studied [66]. Both AEA and 2-AG are
synthesized from lipid precursors derived from the enzymatic cleavage of cell membrane
components in both immune competent cells and neurons, in response to immune cell activation
or neuronal membrane depolarization; they are then released where they act at CB1 and CB2
receptors. The intracellular enzymes fatty acid amide hydrolase (FAAH) and monoacylglyerol
lipase (MAGL) degrade AEA and 2-AG, respectively [12].

While the CB1 and CB2 receptors are both GPCRs with significant homology, they diverge
both in their function and in their specificity of cellular expression [36]. The CB1 receptor is
expressed in brain, especially in cerebral cortex, hippocampus, basal ganglia, and cerebellum;
and in peripheral neural tissue, both on sensory nerve fibers and in the autonomic nervous
system [68]. Activation of the presynaptic CB1 receptor leads to attenuation of calcium currents
and subsequent inhibition of release of neurotransmitters (GABA, glutamate, and serotonin),
opening of potassium channels, and stimulation of several protein kinases [4,66]. There is
evidence that cannabinoids are able to inhibit the activity of nigrostriatal dopaminergic
neurons, perhaps explaining their ability to produce catalepsy at high doses [2,71]. The CB1
receptor participates in a variety of cell maintenance functions, in addition to a specific role in
memory consolidation, reviewed in more detail below [4,37].

The CB2 receptor is expressed in a variety of immune cells, including B lymphocytes, natural
killer cells, monocytes/macrophages, polymorphonuclear neutrophils, and T cells, a fact which
has contributed to its reputation as a “peripheral receptor;” however, it is also densely expressed
by activated microglia in the central nervous system (CNS) [36,50]. Although not true under
all conditions, a wealth of evidence suggests that stimulation of immune cells with
cannabinoids generally has an immunosuppressive effect [17,44]. Stimulation of cultured
microglial cells with lipopolysaccharide and anti-CD40 antibodies induces increased
expression of the CB2 receptor, suggesting a feedback inhibition function for CB2 [45].
Specifically, cannabinoids have been demonstrated to suppress the production of a variety of
pro-inflammatory cytokines in both human cell cultures and animal models, mediated by
CB2 receptors [46]. The function of the CB2 receptor as a feedback-inhibitor of immune
responsiveness in the CNS, analogous to its function in the periphery, was demonstrated in a
culture of human fetal astrocytes, in which a cannabinoid was shown to decrease production
of tumor necrosis factor-α (TNF-α) and several chemokines following interleukin-1β (IL-1β)
stimulation [78]. This effect was reversed by a CB2 antagonist. The effect of cannabinoids on
cytokines was confirmed in two studies in which marijuana smoking was associated with
inhibition of cytokine production and antimicrobial activity of pulmonary alveolar
macrophages [6,77]. In cultured microglial cells, CB2 receptor stimulation has been shown to
suppress TNF-α and nitric oxide production [23]. However, in activated microglia, the innate
immune cells of the central nervous system which respond to neuronal damage, CB2 receptors
have been localized to the leading edge of lamellipodia and have been shown to regulate cell
migration triggered by production of 2-AG [89]. In fact, experiments have provided evidence
of the capacity of 2-AG to induce migration, putatively via the CB2 receptor, in a variety of
cell types including B cells, dendritic cells, and eiosinophils, establishing its function as a
chemotactic agent [40,46]. Cannabinoids, acting via CB2 receptor stimulation, also have a
proliferative impact on a variety of cells, including microglia [18,79]. Taken together, this
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suggests that eCBs function in a complex rather than a simple anti- or pro-inflammatory manner
by both directing and attenuating the immune response.

The endogenous cannabinoids anandamide and 2-AG have affinity for both the CB1 and
CB2 receptors [36]. There is evidence of low levels of constitutive production of AEA in the
periphery and the CNS, while the evidence of constitutive production of 2-AG is primarily in
the CNS [29,75,84]. In general, production of eCBs is “on demand,” either stimulated by
membrane depolarization in neurons or immune cell activation [66]. Concentrations of eCBs
are increased in response to traumatic and otherwise pathogenic events, leading most to
speculate on regulatory or compensatory mechanism in their production [4]. Of particular
importance to immune modulation, the production of eCB is stimulated by activation of
immune cells including macrophages, and dendritic cells, and stimulated immune cells have
reduced expression of eCB degrading enzymes [46]. Since the discovery and partial functional
elucidation of receptor subtypes within the eCB system, a variety of agents targeting this system
have been developed. These include receptor agonists and antagonists of varying level of
receptor specificity, as well as molecules that block eCB reuptake or increase local eCB tone
through inhibition of enzymatic degradation [90]. These molecules may form the basis for new
drugs aimed at altering eCB physiology in diseases of immunity or cognition.

The eCB system interventions have demonstrated treatment potential in rodent models of a
variety of neurological disorders in neuroprotective, anti-inflammatory, and anti-nociceptive
capacities. Mice subjected to closed head injury developed elevated concentrations of 2-AG
in traumatized hemispheres; the administration of 2-AG to mice after closed head injury
reduced brain edema, infarct volume, and hippocampal cell death compared with uninjured
mice, suggesting a neuroprotective role of eCBSs in the CNS [67]. In experimental autoimmune
encephalomyelitis (EAE), an animal model of multiple sclerosis (MS), a basal 1.3–2 fold
increase in anandamide and a 1.4–1.8 fold increase in 2-AG was demonstrated in the CNS
[5]. Cannabinomimetic compounds have been demonstrated to reduce spasticity and tremor in
these mice [5]. In a spinal cord model of inflammatory pain in rats, a cannabinoid reuptake
inhibitor reduced pain-related behaviors and reduced c-fos, a marker of pain-related activation
in neurons [14].

The exact role(s) of eCBs in the CNS is not yet clear. In humans, elevated cerebrospinal fluid
concentrations of eCBs have been found following seizures, prompting speculation that CNS
pathology activates cannabinoid production mechanisms in a non-disease-specific manner, and
may represent a compensatory defense against excitotoxicity [4,52]. Perturbation of eCBs have
also been found in the CSF of patients with schizophrenia, migraine headaches, and multiple
sclerosis [19,30,73]. More research is required to elucidate the function of eCBs in both health
and disease.

THE COMPLEXITY OF IMMUNITY IN ALZHEIMER'S DISEASE
There is evidence of a wide range of immunologic response in AD pathology, both innate and
adaptive, central and peripheral [59]. The innate response includes the local production of pro-
inflammatory cytokines (IL-1β, TNF-α); chemokines (MIP-1α, MIP-1β, MCP-1); nitric oxide;
and the activation of the complement cascade, mediated by microglia [59]. Though once
conceptualized as immunologically privileged, there is clear evidence that activated T cells do
make it into the CNS, and there is evidence of their association with the neuritic plaque of AD
[8,55,86]. Additionally, a peripheral amyloid-β (Aβ)-reactive T cell response has been
demonstrated in the elderly and, more robustly, in AD patients [60]. However, it is becoming
increasingly evident that the participation of the immune system in AD pathogenesis is not
monolithic; while a large body of evidence supports the contention that AD is an inflammatory
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illness, mobilizing rather than paralyzing immune response is becoming an increasingly
popular approach to the development of interventions in arresting disease progression.

Though far from conclusive, a large body of evidence points to the abnormal parenchymal
deposition of Aβ peptide as a critical event in the pathogenesis of AD; the Aβ-associated
histologic hallmark of neuroinflammation in AD – and the cell most responsible for the
“neurotoxicity” of immunologic response - is the activated microglia [55]. Though not
conclusive, data suggests that microglia are bone marrow-derived cells believed to migrate and
differentiate during early postnatal development from blood monocyte precursors and are
replenished from that source; some recent evidence challenges this notion and suggests local
maintenance and expansion of microglial within the CNS rather than recruitment from the
peripheral circulation [1,57,64]. Evidence suggests that microglia, following activation in
response to Aβ, differentiate into phagocytic cells which then ingest Aβ and secret
proinflammatory cytokines, chemokines, and nitric oxide [59]. Transformation into the
phagocytic macrophage-like cell is associated with the locally cytotoxic respiratory burst; with
the assembly of the NADPH enzyme in the cell membrane, superoxide ions are generated from
O2 and subsequently hydrogen peroxide is generated from superoxide dismutase [55,64].
Additionally, microglia act as antigen presenting cells for Aβ peptide-reactive T cells, which
can then themselves stimulate microglia activation [59]. In this model, Aβ peptide and
microglia may cooperate in the inflammatory toxicity of AD in at least two ways. First,
following activation of microglia with Aβ peptide, and through the action of reactive oxygen
intermediates and proteases, there is direct tissue damage to the local brain environment [55].
Second, Aβ peptide itself may direct blood-borne cells to amyloid plaques, further potentiating
local inflammatory cascades and toxicity [64]. Activated microglia are usually associated with
neuritic Aβ deposits rather than diffuse amyloid (without dystrophic neurites), suggesting that
it is the microglial secretions which are cytotoxic [41]. As further evidence of their pathogenic
predisposition in the CNS, few activated microglia are seen in control brains [55]. Additionally,
there is ample evidence of free radical damage in AD brain, including proteins modified by
glycation, low molecular weight compounds that have been oxidized, and lipids that have been
peroxidated [55,87]. In vivo evidence for a toxic model of immune participation in AD initially
came from studies showing reduced risk of disease following exposure to non-steroidal anti-
inflammatory drugs (NSAIDs) [3,83]. There has been generous support from over 20 studies
for the notion that higher levels of NSAIDs usage reduce the prevalence of AD [38,55]. In a
postmortem examination of non-demented elderly, non-users of NSAIDs were found to have
three times the number of activated microglia as users of NSAIDs, though there is some
suggestion that this is a result of direct impact on amyloid-β protein precursor (AβPP)
processing, reducing production of Aβ1–42, rather than an immune-mediated effect [43,48].
Additional evidence has come from studies investigating the association of polymorphisms in
the genes encoding pro-inflammatory cytokines and AD [72]. However, surprisingly, clinical
trials of antioxidants and NSAIDs to reduce inflammatory toxicity have been generally
discouraging, with little effect on progression of disease, suggesting that the benefits of
NSAIDs may be primarily in disease prevention [43].

There is a growing body of evidence which calls into question the “neurotoxic” theory of
activated microglia in AD, and actually suggests that activation of microglia may be a
reasonable goal of preventative intervention. Results from a passive immunization trial in mice
transgenic for a disease-linked mutant form of human amyloid-β protein precursor (TgAPP)
suggest that the administration of antibodies to Aβ reduces plaque burden specifically by
inducing microglial phagocytosis [7]. Additionally, active immunization of TgAPP mice with
Aβ stimulated microglial phagocytosis of plaque [35,74]. Consistent with this, TgAPP mice
injected intrahippocampally with lipopolysaccharide showed reduced Aβ burden seven days
after administration; this outcome was prevented by co-treatment with dexamethasone [32].
Further, deficiency of CCR2, a chemokine receptor that mediates the trafficking of
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mononuclear cells to sites of infection, accelerated disease progression in TgAPP mice through
attenuation of microglial accumulation [24]. When mice transgenic for both AβPP and
presenilin 1 disease-linked mutations (AβPP/PS1) were crossed with mice overexpressing
IL-1β, Aβ deposits were reduced [76]. Finally, overproduction of transforming growth factor
β1 (TGF-β1), a cytokine that mediates inflammatory response in the CNS especially following
injury, in TgAPP mice stimulated microglial activation and reduced Aβ burden in the
hippocampus and neocortex by nearly 50%, and substantially decreased the number of
dystrophic neurites [92]. The exception to the trend suggesting that improvement in Aβ burden
follows pro-inflammatory modulation of transgenic AD mice is α1-anti-chymotrypsin. This
acute-phase inflammatory protein, when coexpressed in TgAPP mice, enhances Aβ deposition
[62,65]. Human studies suggest that in AD there is a pronounced defect in innate immunity,
impairing the ability of cells of monocytic origin to phagocytose Aβ, perhaps contributing to
plaque formation [27]. Taken together, these studies suggest that while the products of
microgliosis may be locally toxic, stimulation of microglial phagocytosis of Aβ may be an
important component of any potential immune therapy in AD. What may be required in the
immune therapy of AD is balanced immune-modulation rather than all or nothing anti- or pro-
inflammatory therapies. eCB interventions have an excellent profile in this capacity.

EXPERIMENTAL EVIDENCE RELATING THE eCB SYSTEM TO AD
PATHOLOGY AND TREATMENT

There is an emerging interest in the relevance of the eCB system to AD. A plethora of cell
culture and animal model studies support this interest. For a recent review, see Benito et al.
2007 [11]. As a consequence of insights that the studies have provided, the CB2 receptor system
has become a specific focus of investigation. Benito and colleagues have demonstrated the
abundant and selective microglial expression of CB2 receptors in AD brain, presumably a
function of cellular immune activation [10]. Consistent with this, polyclonal antibodies to
CB2 receptors revealed dense CB2 expression in areas populated with microglia associated
with neuritic plaque in entorhinal cortex and parahippocampus. No CB2 receptor expression
was detected in similar areas from healthy individuals. Additionally, increased fatty acid amide
hyrdolase activity was selectively demonstrated in regions of Aβ-enriched neuritic plaque,
suggesting increased eCB production with subsequent enzymatic degradation. Ramirez and
colleagues replicated this finding, demonstrating selective expression of CB2 receptors
localized in regions of neuritic plaque and dystrophic neurites and co-localized with markers
of activated microglia in AD brain [69]. These experiments provide concrete evidence that the
eCB system, particularly the CB2 receptor system, is activated in the pathology of AD.

The selective expression of CB2 receptors in regions of neuritic plaque suggest that the CB2
receptor plays a role in the inflammation associated with AD pathology. Specifically, CB2
receptor expression may be a response to excessive inflammation induced in regions of Aβ
deposition; by downregulating microglial cell activation and cytokine production, there may
be amerlio-ration of immune-mediated neurotoxicity which may be beneficial in AD. In line
with this theory, Ramirez and colleagues investigated the utility of CB2 receptor stimulation
in preventing Aβ induced microglial activation and related cognitive impairment in an animal
model of AD [69]. First, in a cell culture model, a CB2-selective agonist counteracted fibrillar
Aβ induced microglial activation, reversing rod-like (activated) morphology to oval (resting)
morphology, demonstrating that the CB2 receptor exerts and influence over microglial
activation. Next, intracerebroventricular injections of Aβ or control peptide were administered
to mice with and without a cannabinoid. As expected, resting microglia were observed in the
control peptide population, and activated microglia were observed in the cortex of Aβ treated
mice. As hypothesized, resting microglia were observed in mice treated with both Aβ and
cannabinoid, evidence that cannabinoids prevent microglial activation in vivo, although this
was not demonstrated to be CB2 receptor dependent. Further, while Aβ and control peptide
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treated-mice manifested very typical AD-model impairments of spatial navigation, the
cannabinoid prevented Aβ-induced cognitive impairment. Interestingly, the role of the CB2
receptor may well go beyond compensatory modulation of inflammation. In a recent cell culture
experiment, CB2 receptor stimulation was shown to promote, through attenuation of CD-40
mediated inhibition, successful phagocytosis of Aβ1→42 peptide [23]. This, together with the
evidence suggesting chemokinetic and proliferative effects of eCBs on microglia, suggests that
local production of eCBs in AD may promote clearance of Aβ through balanced
immunomodulation (Fig. 1). Further focused research is required to determine to what degree
and under what conditions eCBs influence such a diverse set of cellular functions, proliferation,
migration, phagocytosis, and activation, and to what extent these processes are mutually
exclusive.

Non-receptor-specific cannabinoid compounds may also have utility in the management of
AD. Cannabidiol is a non-pyschoactive constituent of marijuana and non-receptor-specific
agonist of cannabinoid receptors. It is the active component of Sativex, used in Canada to treat
neuropathic pain of multiple sclerosis. Cannabidiol has been shown to protect PC12 neuronal
cells from Aβ-induced toxicity [39]. More recently, cannabidiol was shown to inhibit Aβ-
induced tau hyperphosphorylation in P12 cells, an effect likely to reduce tau protein pathology
[26]. This inhibition was associated with a reduction in activity of GSK-3β, which has been
linked to neurofibrillary tangle formation in brains of patients with AD [82]. There was no
reported investigation of receptor specificity in this study (CB1/CB2), and it is possible that
the effect was non-receptor mediated. Animal model studies are needed to evaluate the value
of this compound in AD.

THE POTENTIAL IMPACT OF eCBS ON AD-RELATED COGNITION
The negative effects of marijuana on learning and memory have been well established, and are
believed to be secondary to CB1 receptor stimulation [13,20,58]. Acute and chronic use of
marijuana impair immediate recall, short-term memory, and memory retrieval [21]. Consistent
with this, CB1 receptor localization has revealed abundant expression in hippocampus, cerebral
cortex, cerebellum, and basal ganglia [33]. The memory impairment induced by marijuana
mimics that seen in AD, a disease of hippocampal degeneration, and has stimulated
investigations into the function of eCB physiology in normative hippocampal functioning
[21]. In the human cortex, density of receptor expression is highest in temporal and frontal
lobes, and asymmetric, with increased receptor expression in the left hemisphere suggesting a
relationship with verbal language and memory systems [31]. That Δ9–THC, the psychoactive
component of marijuana, impacts memory has been confirmed in both rodents and monkeys
employing a variety of outcome measures including radial maze, instrumental discrimination
tasks, and the Morris water maze [66]. Additionally, administration of low dose Δ9–THC has
been shown to impair spatial memory in young healthy adults [49].

While the effects of Δ9–THC (acting at the CB1 receptor) on verbal learning and memory are
well established, the relevance of endogenous cannabinoids to learning and memory is not
clear [49]. Both AEA and 2-AG have been established as natural CB1 ligands in the brain
[22,84]. In vitro experiments suggest that endogenous cannabinoids promote changes in neural
activities related to memory, with a potential role in long-term synaptic plasticity; this suggests
that eCBs, in contradistinction to Δ9–THC, have a potentially positive effect on cognition
[28]. In vivo experiments with mice have been equivocal, with reports of both enhanced and
impaired memory performance in null mutant CB1−/−mice [47,70]. In humans, a triplet repeat
polymorphism in the CB1 gene has been associated with hebephrenia, a cognitively impaired
phenotype of schizophrenia [88]. CB1 receptors in hippocampus and neocortex are distinctly
expressed by GABAergic interneurons, and interact with eCBs produced in post-synaptic
neurons in a retrograde manner, with resultant depolarization-induced suppression of inhibition
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[91]. As modulation of inhibition generally has effects on long-term potentiation (LTP) at
excitatory synapses, and as the hippocampus plays such a crucial role in the anatomy of
memory, this physiology argues for eCB mediated enhancement of cognition. However, in a
recent stress model of depression in mice, reductions in hippocampal 2-AG levels were
associated with deficits in behavioral flexibility (suggested to be related to the inability to
forget), implicating hippocampal eCB signaling in the “pruning” of normative memory systems
[34]. Additionally, in a mouse model of AD, a CB1 receptor antagonist prevented the amnesia
induced by Aβ (i.c.v) peptides, suggesting that local production of eCBs in AD contributes to
cognitive impairment [54]. The effects of eCBs on cognition are of particular interest in AD
where there is already cognitive impairment loosely associated with synapse loss but not
absolutely linked to any distinct neuropathology. There is a potential, not yet elucidated, for
local concentrations of eCBs to explain some of the phenomenology of memory impairment
in AD. More research is required to determine what role eCBs play in normative cognition and
AD (Fig. 1).

CONCLUSION
Inflammation and oxidative stress are generally accepted as a critical risk factor for the
development of AD, and interventions such as cannabinoids that attenuate these risks without
arresting microglial activity and have innate neuroprotective benefits are attractive as potential
preventative treatments for AD. Breakthroughs in the engineering of gene knockout and
transgenic mice furnish the capability to observe very directly the impact of eCBs and the
relevant receptor systems on AD. Null mutant CB2−/− mice have been generated in which the
last 341 bp of the CB2-coding exon is replaced by the neomycin gene, resulting in a receptor
lacking intracellular loop 3 and rendering the receptor non-functional [15]. When EAE was
induced in wild-type and CB2−/− mice, it was found that disease was induced more frequently
in CB2−/− mice, and that these mice had more severe disease and a slower recovery [51].
Encephalitogenic T cells isolated from these mice induced EAE in wild-type mice, which had
higher mortality rates and increased mononuclear cell infiltration than EAE wild-types that
were induced without adoptive transfer. Additionally, encephalitogenic T cells isolated from
CB2−/− mice secreted more pro-inflammatory cytokines than encephalitogenic T cells isolated
from wild-type mice. It follows that CB2−/− mice could be bred with transgenic human mutant
AβPP (TghAPP) mice in order to produce a strain of CB2−/− TghAPP mice. This would help
to explicate the role of CB2 receptors in the microgliosis and plaque formation of AD.
Cannabinoid agonists, antagonists, eCB reuptake inhibitors, and non-selective or non-receptor
mediated compounds such as cannabidiol could be administered to CB2+/+ TghAPP mice in
order to evaluate the effects of cannabinoid modulation on Aβ deposition and plaque formation.
From a cognitive standpoint, commercially available CB1 −/− mice bred with TgAPP mice to
produce a strain of TgAPP CB1−/− and studied for cognitive performance would help to resolve
questions about the nature of the impact of the CB1 receptor on cognition and neuroprotection.

Several human studies crucial to reconciling the relevance of the eCB system to AD and its
general impact on inflammation and cognition are missing from the literature. Polymorphisms
in genes encoding the eCB receptors and related enzymes have been associated with
osteoporosis, obesity, substance abuse, and autoimmune disease [42,61,80,81]. No published
studies, positive or negative, have investigated the potential associations of these
polymorphisms with AD. As neuropathological studies have suggested overproduction of
eCBs in regions of AD pathology, simple case-control studies of potential perturbations of
concentrations (peripheral and central) of eCBs in AD are required. It has been established that
elevation in inflammatory plasma proteins can herald the onset of clinical dementia [25,85].
As eCBs seem to be regulators of inflammatory protein production, it would be interesting to
see in a longitudinal study of those at risk for dementia whether perturbations in plasma eCB
concentrations predict the onset or progression of dementia. In terms of cognition, it remains
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unclear what influence eCBs and the CB1 receptor have in non-pathological cognitive function,
let alone AD. There is a potential for the development of CB1 interventions, whether agonists
or antagonists, with applications for a variety of cognitive disorders including
neurodegenerative disorders and schizophrenia. The recent discovery of a CB1 receptor
Positron Emission Tomography tracer for clinical use may provide the opportunity to evaluate
the impact of the regional distribution of CB1 receptors in brain on domain-specific cognitive
performance (memory, executive function, praxis) in healthy individuals [16]. Additionally,
if AD is a disease of overproduction of eCBs, this may be visualized in case-control CB1
receptor binding studies.

The emerging data suggest that the eCB system is a potential target for immune and/or cognitive
intervention in AD. A wealth of available chemical compounds capable of intervening in the
eCB system at a variety of levels and the success with which these compounds have been used
in animal models suggest the potential for human drug development. What is missing is a clear
direction for that development based on a concise conceptualization of eCB system function
in both health and in neurodegenerative and inflammatory conditions such as AD. Focused
experiments are now required to move the field forward.
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Fig. 1.
Potential impact of endocannabioid production in regions of neuritic plaque: 1) Increased
proliferation of microglia and chemotaxis to site of injury via CB2 receptor; 2) Attenuation of
microglial activation and reduction of pro-inflammatory cytokines via CB2 receptor; 3)
Enhanced phagocytosis of Aβ via CB2 receptor; 4) Stimulation of CB1 receptor with reduction
of neurotransmitter production and uncertain effect on cognition.
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