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Abstract: 
Alzheimer's disease (AD) is one of the most seen progressive neurodegenerative disorders characterized by the aggregation of 

amyloid plaques and neurofibrillary tangles. Damaged and dead neurons in AD brains cause signal transmission to break down, 

thus resulting in cognitive dysfunction and progressive loss of memory. The limited effectiveness of existing AD treatments 

signifies that AD is currently one of the largest unmet medical needs in neurology and that more research efforts are highly 

essential. In this regard, targeting the endocannabinoid system (ECS) and focusing on cannabinoid interventions have 

interestingly emerged as a potential medical approach in treating Alzheimer's neuropathological changes and pain. The ECS is a 

complex cell-signaling system composed of endocannabinoids, or retrograde neurotransmitters that bind to at least two 

receptors known as CB1 and CB2 receptors. Here we present a review on findings that show how activation of these two 

receptors may potentially reduce β-amyloid and misfolded tau protein levels. Furthermore, several studies have demonstrated 

that endocannabinoid signaling may have a considerable impact on the progression of AD through regulating different 

pathological processes, for instance, neuroinflammation, malfunction in mitochondria, excessive oxidative stress, excitotoxicity, 

and neurotransmission. Taken together, the endocannabinoid system could be a promising  therapeutic candidate for AD, thus 

highlighting that more clinical research effort is necessary.  
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I. INTRODUCTION 

Alzheimer's Disease (AD) is known to be a 
progressive neurologic disorder that depends on 
aging. The disease itself is characterized by the 
accumulation of senile plagues, which are primarily 
composed of amyloid-β (Aβ), and the accumulation 
of neurofibrillary tangles (NFTs), which contains 
various isoforms of hyperphosphorylated tau 
protein that once has the function of stabilizing 
microtubules(1, 2). It is suggested that the presence 
of β-amyloid is the basis leading to plaque 
development, tau protein hyperphosphorylation, 

and the disease progression of AD(3). β-amyloid is 
the result of abnormal cleavage of Aβ precursor 
protein (APP) by two particular enzymes: β- and γ-
secretases(4, 5).This may take place in early-onset 
patients, rooting back to the mutations happening in 
PSEN-1 and PSEN-2 coding genes or the similar 
mutations happening with Down syndrome 
patients(6). For late-onset patients, tau 
hyperphosphorylation precedes Aβ deposition 
around different cerebral regions(7, 8). The time 
length of AD progression starting from the early, 
silent stage to the symptomatic, striking phases 
might proceed in a slow manner, however, once 
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cognitive decline and dementia manifest, such 
illness then progresses considerably 
faster(9).Therefore, it can be concluded that AD 
may progress slowly until the limits are 
surpassed(10). These findings underline the urgent 
necessity for therapy and medication that can 
efficiently target specific origins during the silent, 
mild period of the disease, focusing on slowing and 
halting the disease progression before it becomes 
too severe(11).In recent years, the endocannabinoid 
system (ECS) has significantly originated as an 
excellent candidate for AD promising treatment. 
Signaling of endocannabinoid system has been 
shown to have an influence on the major pathogenic 
events that take place in the midst of the obscure 
stage of AD progression, such as during the protein 
misfolding activity, neuroinflammatory responses, 
free radicals outnumbering antioxidants, 
excitotoxicity, and mitochondrial dysfunction(11). 
The current study covers the investigations that 
demonstrate the multifarious characteristics of 
cannabinoids and endocannabinoid systems in 
relation to the treatment of AD.  
 

II. ENDOCANNABINOID SYSTEM 

ALTERATIONS IN BRAINS WITH 

ALZHEIMER’S DISEASE  

 
After examining post-mortem human brain 

samples, it was discovered that some changes in the 
ECS composition and signalling were present in 
AD patients' brains, regardless of how the role of 
these changes is still under investigation(12). The 
modifications to cannabinoid 1 (CB1) receptors 
described in AD are unsettled(13). While some 
researchers revealed that CB1 receptors levels were 
reduced significantly in cortical regions and 
neurons distant from senile plagues, other authors 
concluded to no difference in terms of cortex and 
hippocampus activities or allocation and availability 
of the CB1 receptors between healthy and AD 
brains (14). Surprisingly, there was little to no 
correlation found between the activity of CB1 
receptor levels and AD markers such as Aβ and tau 
levels (15). Contrarily, the increased work rate of 

CB2 receptors is shown to be related to Aβ42 
peptide levels and formations of plaques, but not 
associated with cognitive condition (14). This now 
further indicates that the AD harmful events 
increase the stimulation of CB2 receptors(12, 14, 
16).  

Several studies examined additional ECS 
components within the brains of AD patients. 
Through the findings, it was discovered that the two 
critical endocannabinoids so far are anandamide 
(AEA) and 2-arachidonoylglycerol (2-AG)(17). The 
first study did not reveal any difference in the 
concentration of these two endocannabinoids when 
comparing healthy controls to AD brains (18). On 
the contrary, an up-to-date analysis of brain autopsy 
samples from AD patients showed significantly 
lower AEA levels in the mid frontal and temporal 
cortices when set side by side to the healthy 
controls. Such a finding indicates that AEA 
deterioration can be explained by the increase of 
Aβ42 peptide levels(19).Additionally, alterations in 
the content level and activation of enzymes 
involved in the endocannabinoid system have been 
observed in brains of AD patients. In AD brains, an 
endocannabinoid system-related enzyme called 
FAAH, or fatty acid amide hydrolase, is 
overexpressed, near both neuritic plaque-associated 
glia and other immune cells (20). This 
overexpression of such an enzyme may notably 
have two unfavorable effects on Alzeimer's disease 
advancement: (i) a drop in the availability of AEA 
in neurons and (ii) a rise in the stimulation of pro-
inflammatory molecules (21). According to a study, 
late-stage AD patients have altered 2-AG signaling 
as a result of poor MAGL recruitment and elevated 
DAGL levels, which triggers the AD silent 
synapses stage (16, 22, 23). 

 
III.CLINICAL AND PRECLINICAL 

EFFICACY OF CANNABINOIDS ON 

ALZHEIMER’S DISEASE 
 

The majority of research supporting cannabis' 
medicinal ability in treating AD is based on cell 
cultures and animal studies that implicate changes 
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similar to AD in the human brain. It is worth 
considering that the limited clinical trial at hand 
still does support the therapeutic benefits of 
cannabis drugs in treating some behavioral 
symptoms that are seen in patients with AD(24). 
Throughout all the cases studied,  Delta-9-
tetrahydrocannabinol (∆9-THC), including both 
synthetic dronabinol and nabilone, was observed. 
Importantly, following after 6 weeks of dronabinol 
therapy, a clinical trial including a total of 15A AD 
patients showed a reduction in the levels of aberrant, 
abnormal behavior and also a rise in body weight of 
patients who were at one time rejecting meals. The 
only side effects linked with cannabis treatment 
were euphoria, somnolence, and fatigue, which 
however did not necessitate therapy cessation(25, 
26). On the same hand, two pilot trials involving 8 
dementia patients indicated that the application of 
synthetic dronabinol reduced agitation during sleep, 
and also did not show any unfavorable side effects 
(27, 28). Accordingly, the administration of 
synthetic nabilone was associated with immediate 
and significant reduction in the extreme agitation 
and aggression seen in a progressive AD patient 
who, importantly, was not responding to anxiolytic 
and antipsychotic medicines (29). Regardless of 
how limited the trials were, both in terms of 
numbers and in terms of how cognitive or 
neurodegenerative markers were not considered, the 
therapeutic behavioral outcomes of the patients are 
still very encouraging, especially given that there 
has been no other significant detrimental side 
effects.  

 

IV. CANNABINOIDS AND 

ENDOCANNABINOIDS RECEPTORS FOR 

PAIN  Cannabinoids and Endocannabinoid 

Receptors for ALZHEIMER’S DISEASEPAIN 
Numerous investigations in AD patients have 

found that their sensory, emotional, and behavioral 
reactions to painful stimuli are either diminished, 
increased, or normal (30-32). According to a study, 
the lateral pain system that controls the location, 
intensity, and pain quality is found to be less 
damaged by the pathology of AD(33-35). The 

medial pain system responsible for the emotional 
aspects of pain, on the other hand, is considerably 
disrupted by AD harmful stimuli and 
neurodegenerative changes, which then leads to 
patients' negative, emotional response(36-39). 
Protein attributes for CB1 receptors in humans are 
the 472 amino acids that make up the cannabinoid 
receptor 1 gene (CNR1)(13, 40-42). In addition, 
mice and rats have 97% to 99% similar amino acid 
sequence identification when compared to humans, 
containing one more extra amino acid. Studies 
discovered that certain CNR1 variants were linked 
to Cannabis usage(43, 44). Together with the CNR1 
is the cannabinoid receptor 2 gene (CNR2), which 
is responsible for administering the CB2 receptors, 
consisting of 360 amino acids in humans(45-48). 
When comparing CB1 to CB2 receptors, it was 
discovered that both show a sequence homology of 
up to 44% and are binded by many natural 
cannabinoid molecules. Not only that, but CB2 
receptors also exhibit greater species diversity 
across rodents and humans than CB1 receptors, 
with an amino acid sequence homology, compared 
to rodents, of over 80%(49-51). It is discovered that 
there are two forms of CB2 receptor polymorphism 
(52-54). Moreover, the expression of CB1 receptors 
can be detected both in the brain and the peripheral 
nervous system(55-59). CB2 receptors, however, 
are more often expressed around the body's immune 
cells, gastrointestinal system, and spleen (57, 60, 
61). Surprisingly, both CB1 receptors and CB2 
receptor expressions have been found near the 
human placenta and both are involved in regulating 
the transportation of serotonin(57, 62). 

Predictably, endocannabinoids and their functions 
have been discovered as a result of the findings of 
CB1 and CB2 receptors (12). Both centrally and 
peripherally positioned CB1 receptors were shown 
to be widely linked with nociception in preclinical 
and clinical studies (63, 64). Mainly found in 
immune system cells, CB2 receptors are also 
known to take part in pain reduction since they are 
widely associated with the activity of suppressing 
inflammatory responses (65-68). In addition, it is 
known that cerebral stress-mediated analgesia has 
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been extensively affected by the endocannabinoid 
system(43). Such exogenous cannabinoid like THC 
has also been recognized as a potential treatment 
for inflammatory responses due to its strong 
influence on opioid, glutamatergic, and serotonergic 
receptors(69-71). All these receptors are now 
involved with the management of neuropathic pain 
in neurodegenerative disorders. As a result, while 
endocannabinoids produced by human bodies may 
be necessary for pain homeostasis, exogenous 
cannabinoids derived from cannabis may have 
medicinal promise for the treatment of AD-related 
pain(71, 72). 

The first use of cannabis in medicine is to 
alleviate pain. Cannabis, like endocannabinoids 
(Donvito et al., 2018), has been shown to have 
analgesic properties in a number of pain types, as 
well as the ability to suppress discomfort from 
inflammation (Fine and Rosenfeld, 2013; Donvito 
et al., 2018).  

Apart from CB1 receptors, studies have 
suggested that the association of TRPV1, or 
transient receptor potential vanilloid-, with CB2 
receptors can lead to pain modulation (Jhaveri et al., 
2007; Akopian et al., 2009). Exogenous 
cannabinoids such as CBD, which interacts with 
CB2 receptors, has been documented to have the 
medical potential for treatment of chronic pain (63). 
However, it should be clearly understood that pain 
is a very subjective metric in a therapeutic context. 
It is difficult to quantify and define pain in patients 
with Alzeimer'sdisease and dementia because 
speech is usually impaired together with how many 
other symptoms are shown all at once.  

 

V.CANNABINOIDS THERAPEUTIC 

PROPERTIESAGAINST 

NEUROINFLAMMATION 

  
Neuroinflammation initiated by microglia in the 

brain has been found to speed up cell impairment 
and neuronal death (73-75). According to the 
findings, CB2 receptor appears to be involved in the 
suppression of microglia-induced neurotoxicity and 
inflammation of the nervous tissue(76). 

Furthermore, in several animal models, activating 
CB2 receptors significantly reduces the 
neuroinflammatory response to Aβ(76-78). Several 
investigations have demonstrated that CB2 receptor 
agonists, both selective and mixed, dramatically 
decreased microglial proliferation and 
proinflammatory mediator production in animal 
brains associated with Aβ(79). Similarly, in APP Tg 
models, selective CB2 receptor agonists has been 
shown to reduce the concentration of microglial 
cells near to the areas affected by Aβ and 
proinflammatory cytokines (80, 81). Referring to an 
animal study characterized by misfolded tau 
proteins, Sativex® is also capable of dampening 
microglial activity, however, there was no 
indication that CB2 receptors or other receptors 
were involved. Furthermore, in APP/PS1 Tg mice, 
prolonged therapy with the CB1 receptor agonist 
ACEA demonstrated a reduction in astrocytic 
reactivation and interferon expression (82, 83). 
Surprisingly, an exogenous cannabinoid known as 
CBD, despite its little binding ability to 
cannabinoid receptors, exhibited the potential to 
lessen inflammation in laboratory mice associated 
with AD (Esposito et al., 2006a; Martin-Moreno et 
al., 2011). Although the location of CBD's 
beneficial actions is uncertain, some evidence 
suggests that CBD interacts specifically with 
peroxisome proliferator-activated receptors that 
regulate glucose and lipid homeostasis (84). 

Degradation of AEA and 2-AG through enzymes 
may possibly be associated with the regulation of 
inflammation in AD. A great example would be 
fatty acid amide hydrolase (FAAH), a membrane-
bound enzyme that is found in neurons and 
astrocytes. FAAH was shown to be overexpressed 
in astrocytes and to be considerably maintained 
during the neuroinflammatory process, indicating 
that it may help buffer the negative effects of toxic 
insults produced by a reduction in the overall state 
of the endocannabinoid system(85). Based on the 
rise of cytokine release and cell death, it can be 
concluded that FAAH-deficient astrocytes were 
more active in Aβ astrocytes compared to wildtype 
astrocytes and also displayed a more pro-
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inflammatory phenotype. Extracellular signal-
regulated protein kinases 1/2 (ERK1/2) that are 
responsible for regulating cell proliferation and 
survival are likely the cause for such an event. The 
same thing happens with p38 mitogen-activated 
protein kinases (MAPK1/2)(86). These mechanisms, 
according to the researchers, are linked to PPAR-, 
PPAR-, and TRPV1 receptors rather than CB1 or 
CB2 receptors. Inhibition of FAAH has thus far 
failed to induce the proinflammatory phenotype in 
astrocytes. This suggests that the rise in N-
acylethanolamines might have been the reason 
causing a compensatory alteration, such as the 
effect seen in astrocytes missing FAAH. The 
research suggests that extremely long-term 
endocannabinoid tone extension may have negative 
repercussions. In an AD animal model, blocking 
MAGL, an enzyme concerned with the hydrolysis 
of endocannabinoids and the control of arachidonic 
acid release, reduced Aβ levels and reduced 
neuroinflammation (87-89). Hence, 
pharmacological MAGL inhibitor confirmed anti-

inflammatory cytokine-lowering effects via reduced 
prostaglandin production. 

VI. CONCLUSIONS 

Cannabinoids work by addressing various 
signalling pathways, including pain, aberrant Aβ 
and tau protein formation, neuroinflammation, 
malfunction in mitochondria, excessive oxidative 
stress, excitotoxicity, and neurotransmission. 
Additionally, cannabinoids are beneficial in the 
treatment of behavioural and cognitive disorders. In 
reference to the medical applications and trials on 
cannabinoids, it can be inferred that using cannabis 
and the ECS to produce an effective AD therapy is 
a viable and promising method. Cannabinoids may 
also promise for a low-cost, safe, and effective 
therapy with only few side effects. However, 
further study is needed in a clinical trial 
environment to determine the efficacy of cannabis 
in treating AD. 
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