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ABSTRACT
Cannabis sativa, commonly known as marijuana, has been historically used for medicinal 
and recreational purposes. It has been employed in the treatment of neurological conditions. 
Cannabidiol (CBD), the active component of cannabis, has shown therapeutic effects and 
has been studied extensively for its potential benefits in various neurological disorders using 
preclinical models. The objective of this review is to consolidate current research on CBD and 
its association with Apo-lipoprotein (ApoE) and other targets related to neurodegenerative 
diseases. A comprehensive search of the PubMed Scopus and google scholar databases was 
conducted using keywords such as CBD, Microglia activation, astrocytes, ApoE, mammalian 
target of Rapamycin and wingless-related integration site expression. The available evidence 
suggests that CBD does not significantly affect the endocannabinoid system, except in vitro 
at high concentrations, thereby generating considerable interest in its therapeutic potential. 
However, the current physiological targets for CBD are challenging to exploit for neurological 
treatment, leading to uncertain clinical findings. In certain cases, there is minimal or no 
correlation between the disease and the identified targets. This review examines the classic 
receptors, neurotransmitters and pathways associated with both ApoE and CBD. Additionally, 
several interconnected targets of CBD have been discovered that exhibit a relationship with a 
specific ApoE, rather than merely triggering its action. Various molecular targets of CBD have 
been identified for specific neurodegenerative diseases, playing a central role in the ApoE system.

Keywords:  Cannabidiol, Apolipoprotein-E, Alzheimer’s disease, Beta amyloid, Astrocyte, 
Microglia, Autophagy.

INTRODUCTION

Cannabis, a plant indigenous to the tropical and subtropical  
regions of India and naturally occurring in the Himalayan 
mountain area, has a rich history of human use for diverse 
purposes such as fiber, food, medicine and social and religious 
practices.1 Notably, the Atharvaveda's recognition of Cannabis 
(Soma) as one of the five sacred plants renowned for its potential 
in alleviating various neurological disorders adds cultural and 
traditional significance to its historical use in medicinal practices. 
Within cannabis, CBD emerges as a pivotal constituent classified 
as a cannabinoid. The primary mode of action for cannabinoids 
involves the activation of Cannabinoid receptor type 1 (CB1) 

or Cannabinoid receptor type 2 (CB2), both of which function 
as G-Protein Coupled Receptors (GPCRs). CB1 receptors 
predominantly localize to neurons, exhibiting comparatively 
lower to moderate expression in peripheral tissues. Conversely, 
CB2 receptors primarily reside in immune cells, displaying 
a significantly reduced and restricted distribution within the 
Central Nervous System (CNS).2 An intriguing aspect of CBD 
is its lack of significant affinity for either CB1 or CB2 receptors, 
ensuring its safety from psychoactive effects.3 By not binding 
strongly to these receptors, CBD presents unique therapeutic 
potential without inducing the characteristic psychoactive 
response associated with cannabinoids.

In 1992, the groundbreaking discovery of the first 
Endocannabinoid, Anandamide (AEA), was made by William 
Devane and colleagues through its extraction from the pig brain.4 
The endocannabinoid system comprises endogenous CB receptor 
agonists, CB receptors and proteins involved in the metabolism 

Received: 17-01-2024; 
Revised: 30-03-2024; 
Accepted: 06-04-2024.

Corrospondence:
Dr. Niyati Acharya
Assistant Professor and Head, 
Department of Pharmacognosy, 
Institute of Pharmacy, Nirma University, 
Ahmedabad, Gujarat, INDIA.
Email: niyati.acharya@nirmauni.ac.in



Patel and Acharya: CBD, ApoE and Neurological Disorders: A Molecular Review

Journal of Young Pharmacists, Vol 16, Issue 2, Apr-Jun, 2024156

and regulation of endocannabinoids. Endocannabinoids belong 
to the class of lipid mediators and are derived from long-chain 
polyunsaturated fatty acids. The initial endocannabinoid 
identified, Arachidonoyl Ethanolamide (AEA), was initially 
detected in a pig brain in 1992 and later named anandamide, 
derived from the Sanskrit word "ananda," meaning inner bliss 
in Indian.5 Subsequently, in 1994, the second endocannabinoid, 
2-arachidonoylglycerol (2-AG), was discovered and extracted 
from the intestines of dogs and rats.

In the pathogenesis of Alzheimer's Disease (AD), beta-Amyloid 
(Aβ) plays a crucial role in the disease's pathophysiology, leading 
to chronic inflammation and impacting astrocytes and microglial 
cells.6 In vivo data has shown that CBD exhibits neuroprotective 
effects against hippocampal and cortical neurodegeneration, 
possesses anti-inflammatory and antioxidant properties,7 reduces 
tau hyperphosphorylation,8 and regulates the migration of 
microglial cells.9 CBD has been observed to enhance the immune 
system's response and activate the autophagy pathway in APP/PS1 
mice, potentially attenuating the degenerative processes in AD.10 
Furthermore, CBD therapy has demonstrated improvements in 
various disease-relevant TAU58/2 transgenic mice, suggesting its 
potential in treating tauopathy-related behavioral dysfunctions.11

Astrocytes, the brain's secondary regulating cells, play diverse 
roles in maintaining brain homeostasis, facilitating neurogenesis, 
establishing the microarchitecture of gray matter and providing 
protective functions through adaptive astrogliosis systems.12 
Astroglial cells actively participate in the pathogenesis of 
various neurological diseases, including AD, amyotrophic lateral 
sclerosis, Parkinson's disease and multiple dementias.13 In AD, 
astrocyte-associated Aβ plaques preserve microvessels and cells, 
which are crucial structures for brain tissue regulation through 
hypertrophic processes.14 During Aβ aggregation, neuronal 
involvement in calcium signaling impairs synaptic plasticity, 
inhibits astrocytic calcium signals and gliotransmitter release 
and disrupts intercellular communication.15 Consequently, 
various brain functions are affected, including blood flow, the 
Blood-Brain Barrier (BBB), synaptic activity, neurotrophin 
production and clearance of dead cells, as well as the balance 
of extracellular ions, fluid and neurotransmitters. This leads to 
synapse loss, neural network dysfunction and impaired neuronal 
signaling. The impact of astrocytes on early cognitive decline 
has been extensively discussed as a significant component of AD 
pathology.16

The isoforms of ApoE, particularly ApoE4, modulate 
neuroinflammation, cerebral lipid homeostasis, BBB integrity 
and regional blood flow in specific brain regions. In the 
context of pharmacologically induced endocannabinoid tone, 
it becomes crucial to determine whether specific ApoE alleles 
confer vulnerability or risk for adverse tissue events, even at 
commonly established safe doses of the FAAH inhibitor. This 
raises the question of whether assessing ApoE status is necessary 

for future therapeutic studies. Notably, the ApoE4 allele induces 
isoform-specific signaling events that significantly impact the 
proteolysis of the Amyloid Precursor Protein (APP), caspase 
activation, kinase activity and Sirtuin 1 activation.17

In this review, we aim to delve into the neurochemical, structural 
and functional aspects that shed light on the intricate mechanisms 
involved in microglial, astrocyte and synaptic plasticity in relation 
to the ApoE-Aβ (Apolipoprotein E-Amyloid beta) interaction. 
Furthermore, we explored the factors that direct the focus of 
CBD through various pathways to mitigate the risk of AD.

MATERIALS AND METHODS

Methods

This review article adopts a comprehensive approach by 
compiling the most recent and relevant information on the 
potential therapeutic targets of CBD for the management of 
neurodegenerative diseases. The search strategy employed a 
thorough literature search conducted on the PubMed, Scopus and 
Google Scholar databases. The search included a combination of 
keywords such as CBD, microglia activation, astrocytes, ApoE, 
mammalian Target of Rapamycin (mTOR) and Wingless-related 
integration site (Wnt) expression. These keywords were selected 
based on their relevance to the molecular targets associated with 
CBD and neurodegenerative diseases. The inclusion of these 
specific keywords ensures a comprehensive review of the current 
findings and molecular mechanisms related to the potential 
therapeutic effects of CBD.

Concept

Considering the pivotal role of ApoE dysfunction in the 
development of AD, along with the demonstrated effects of 
CBD in reducing microglial aggregation, modulating the 
Triggering Receptor Expressed on Myeloid cell 2 (TREM2) and 
Interleukin-33 (IL-33) and influencing the Transient Receptor 
Potential Vanilloid-1 (TRPV-1), Brain-Derived Neurotrophic 
Factor (BDNF), ATP-binding cassette transporter and mTOR, 
CBD emerges as a promising therapeutic agent for AD by exerting 
its influence on multiple pathways.

Role of Cannabidiol and Microglia

Microglia play a crucial role in surveilling the surrounding 
environment through their extensively branched processes, known 
as ramified primary microglia. They assess the synaptic activity 
and evaluate the surrounding milieu through intracellular signal 
transduction. In response to stimuli, microglia promptly react 
and enhance their functional capabilities in affected regions.18 The 
cell surface of microglia is equipped with several transporters, 
channels and receptors for neurotransmitters, cytokines and 
chemokines.19 Extensive research efforts have been devoted 
to unravel the precise involvement of microglia in the etiology 
of AD. In the AD brain, microglia encapsulate Amyloid-beta 
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(Aβ) plaques and their altered morphology suggests a collective 
response to pathological challenges.20 Microglia contribute 
to the clearance of apoptotic cells and the elimination and 
maintenance of synapses for proper neural circuitry.21 Notably, 
cannabinoids have demonstrated neuroprotective properties by 
preventing microglial activation induced by Aβ and reducing tau 
hyperphosphorylation in both in vitro and in vivo studies.

Microglial activation is a prominent characteristic of brain 
pathology. Chronic activation of microglia leads to neuronal 
damage through the release of potentially neurotoxic substances, 
including proinflammatory cytokines, reactive oxygen species, 
Nicotinamide Adenine Dinucleotide Phosphate (NADPH) 
oxidase and Nitric Oxide (NO), which are activated by hypoxia,22 
LPS,23 and amyloid beta.24 Aggregation of Amyloid beta (Aβ) and/
or tau fibrils stimulates Toll-Like Receptors (TLRs), members 
of the inflammasome family expressed in neurons, astrocytes 
and microglia. TLR2, 4 and 9 are specifically implicated in the 
pathology of AD (Kuwar et al., 2019). The correlation between 
TRPV1, PPARs, TLRs and microglia reflects the intricate 
balance between sensory perception, inflammation and immune 
responses in the CNS, as illustrated in Figure 1. CBD has been 
shown to possess anti-inflammatory potential by inhibiting the 
release of proinflammatory cytokines (TNF‐α and IL‐1β) and 
suppressing the stimulated NF-κB response, a crucial regulator of 
cellular behaviors including inflammatory responses and cellular 
growth.25 CBD has also demonstrated the ability to reduce 
microglial aggregation and migration, decrease Nitric Oxide 
(NO) production and modulate neuropathic pain in rodent 
models.26

In vitro studies using microglial cell lines have revealed that 
CBD can alter zinc homeostasis, oxidative stress and glutathione 
levels in unstimulated BV-2 cells. Moreover, CBD exerts its 
anti-inflammatory effects on microglia through the inhibition of 
NADPH oxidase synthesis and its intrinsic antioxidative activity. 
NADPH oxidase, responsible for the production of Reactive 
Oxygen Species (ROS), plays a significant role in mitigating 
adverse aspects of neurodegenerative diseases.27 CBD's ability 
to attenuate microglial cell activation is also associated with 
mechanisms involving FAAH inhibition,28 PPAR-γ,29 and 5-HT1a 
receptors 30,31 in innate cells and lymphocytes.32

CBD, on the other hand, has a central role in regulating the 
TRPV1, PPAR and 5-HT1A receptors and acts as an antagonist 
for the GPR55 receptor. Its antioxidant and anti-inflammatory 
properties are partially mediated by its activities on TRPV1 and 
PPAR. PPARγ inhibits the production of inflammatory cytokines, 
such as TNF, IL-1 and IL-6, as well as the production of nitric 
oxide. Additionally, abnormal CBD receptor (Abn-CBD-Rs) has 
a neuroprotective effect through PPARα. CBD also increases cell 
viability by inhibiting ROS, nitrite production, lipid peroxidation 
and the expression of the protein inducible Nitric Oxide Synthase 
(iNOS).

One important component involved in the recognition and 
clearance of Aβ and extracellular amyloidogenic waste by 
microglia is the Triggering Receptor Expressed on Myeloid cells 
2 (TREM2).33 TREM2 is a sensor for amyloid and is responsible 
for the recognition and digestion of Aβ, facilitated by ApoE.34 
The recognition of Aβ and subsequent clearance by microglia 
is influenced by various extracellular TREM2 ligands, such as 

Figure 1:  Detailed depiction highlighting the significance of Aβ-induced aggregation, clearance pathways across the BBB, the impact of different ApoE alleles 
and the role of CBD in understanding the neurodegenerative processes. In the presence of an Aβ nucleus, ApoE is anticipated to counteract its amyloidogenic 
properties, thereby potentially impeding Aβ fibril formation. Furthermore, under specific conditions, ApoE and Aβ can form large aggregates. Newly synthesized 
Aβ fibrils can attach to pre-existing aggregates, leading to the formation of even larger aggregations, ultimately culminating in the development of amyloid 
plaques in the brain. It is noteworthy that ApoE4 exhibits a comparatively weaker affinity for Aβ when compared to ApoE3, highlighting the differential 
interactions of ApoE alleles with Aβ. Further investigation is warranted to elucidate the precise mechanisms underlying CBD's involvement in these intricate 

processes and its potential therapeutic implications for neurodegenerative disorders.
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phospholipids, glycolipids, Lipoproteins (LDL and HDL) and 
apoptotic functions. Studies have shown that TREM2-deficient 
microglia exhibit decreased in vitro absorption of Aβ lipoprotein 
structures35 and increased evidence of Aβ internalization in vivo.36 
Figure 2 illustrates VOSviewer analysis of 90 PubMed articles on 
'CBD-APOe-Microglia', showing a significant cluster (Cluster 
3, Item 33) emphasizing interconnectedness of CBD, APOe and 
microglial research.

A recent study by Cao et al. (2020) investigated the impact of CBD 
on the TREM2 and the ApoE pathways in microglial phagocytosis. 
The study demonstrated that CBD treatment upregulated the 
expression of both TREM2 and ApoE in microglia, leading to 
enhanced clearance of extracellular and intracellular debris. This 
effect was mediated through the cannabinoid receptor 2 (CB2R) 
and involved the activation of the PI3K/AKT pathway.37 CBD 
has also been shown to regulate TREM2 and IL-33, which are 
associated with improved cognitive function. The TREM2-ApoE 
system plays a crucial role in the microglial clearance of various 
extracellular and intracellular debris, thereby potentially reducing 
neuronal damage in the neurodegenerative environment. 
Activation of TREM2 leads to suppression of the homeostatic 
microglial phenotype and initiation of neurodegenerative 
pathways.38

The immunomodulatory effects of CBD, including its ability 
to decrease inflammatory cytokine production and preserve 
microglial cells, might contribute to its observed effects on the 
TREM2-ApoE pathway. Activation of the TREM2-ApoE pathway 
has been associated with impairment of microglial regulation of 
brain immune function.

Role of Cannabidiol and Astrocyte

Astrocytes play vital roles in neuronal development, signaling 
and neurotransmitter regulation, including glutamate and ions 
such as potassium and calcium, throughout the healthy brain. 
They safeguard neurons, regulate cerebral blood flow and 
metabolism and facilitate neurotransmission, contributing to the 
central nervous system's functions. Astrocytes are also involved 
in transporting cholesterol through ApoE-containing HDL-like 
particles, supporting the synaptic formation. One of the potential 
functions of ApoE receptor signaling in astrocytes is the 
modulation of synaptic pruning, a regular process that adjusts the 
number of neurons, synapses and axons in the central nervous 
system. Moreover, astrocytes contribute to brain plasticity 
by protecting glutamatergic receptors.39 Notably, astrocytes 
express high levels of low-density Lipoprotein Receptor (LRP1), 
which is crucial for the phagocytosis of damaged myelin and 
regulates multiple signaling pathways, potentially influencing Aβ 
endocytosis. In AD, the expression of LRP1 in glial cells may be 
upregulated due to neuroinflammation or suppressed in neurons 
because of postsynaptic damage. Studies have demonstrated 
that LRP1 antagonists effectively inhibit Aβ clearance via LRP1, 
highlighting the receptor's significant role in AD development.40

CBD exhibits anti-inflammatory properties by inhibiting 
astrocyte activation and reducing the release of pro-inflammatory 
cytokines. Additionally, CBD stimulates the release of 
neurotrophic factors from astrocytes, promoting neuronal 
survival and synaptic plasticity. Neuroinflammation, associated 
with aging, is characterized by increased glycogen synthase 
kinase 3 beta (GSK-3β) activity and decreased activity of protein 

Figure 2:  The VOSviewer analysis of 90 PubMed articles related to 'CBD-APOe-Microglia' revealed a significant cluster (Cluster 3, Item 33) with 474 links and a 
total link strength of 1589. This cluster likely emphasizes the interconnectedness of research on CBD, APOe and microglial cells. The keywords associated with the 
search, such as neuroinflammation, neuroprotective effect and microglial activation, suggest a focus on CBD's potential role in addressing neurodegenerative 
conditions like multiple sclerosis. The high link strength indicates a robust association between these key concepts, highlighting the importance of understanding 
the impact of CBD treatment on microglia and its potential neuroprotective effects. The presence of keywords like astrocyte and lipopolysaccharides suggests a 

broader exploration of CBD's influence on the neuroinflammatory environment.
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kinase B (Akt) and Wingless-related integration site (Wnt) 
pathways in the hippocampus of aged rats. The dysregulation 
of the Wnt/β-catenin/PI3K/Akt pathway leads to mitochondrial 
oxidative stress and the accumulation of Aβ protein inhibits the 
Wnt pathway. Enhancing Wnt signaling represents a promising 
therapeutic strategy for AD. Studies have shown that CBD reduces 
GSK-3 activity, promotes Wnt/LRP expression and subsequently 
mitigates oxidative stress in mitochondria and the inflammatory 
cascade in the brain.41

Neurodegenerative diseases often involve increased reactivity of 
Glial Fibrillary Acidic Protein (GFAP) and expression of ApoE 
in astrocytes located at brain synapses, believed to play a role in 
synaptogenesis through cholesterol release. In Parkinson's disease 
and dementia, Koob et al. observed a reduction in nuclear and 
membrane-bound ApoE expression, leading to its redistribution 
to the cytoplasm, as well as decreased cholesterol levels in the 
astrocyte cell membrane. Advanced astrocyte function is marked 
by increased cell proliferation (cell hypertrophy) and activation 
of interstitial astrocyte filaments such as GFAP and vimentin. 
Elevated GFAP immunoreactivity in the hippocampal region of 
the Cornu Ammonis (CA1) following brain hypoxia correlates 
with the severity and progression of neuronal necrosis.42 CBD 
administration at a dose of 30 mg/kg for one week reduced the 
elevated production of GFAP in ischemia-treated mice.

While CB receptors have not been consistently detected in 
astrocytes, emerging evidence suggests the expression of CB1 
and CB2 receptors in these cells, playing a crucial role in synaptic 
communication and inflammatory responses.43 CBD modulates 

several targets, including peroxisome proliferator-activated 
receptor gamma (PPAR-γ) (O'Sullivan, 2016), serotonin 
5-H1A receptor,44 adenosine transporter A2A and Transient 
Receptor Potential vanilloid 1 (TRPV1).45 Furthermore, CBD 
demonstrates potent regulation of oxidative stress by scavenging 
superoxide radicals and inhibiting lipid peroxidation.46 In  
Figure 3, the VOSviewer analysis of PubMed articles on 
"CBD-APOe-astrocytes" (153 documents) focuses on Item22, 
Cluster3, Links178, revealing a network with a link strength of 
1197. This network likely encompasses various aspects related to 
CBD, APOe and astrocytes, indicating a multifaceted connection. 
Keywords include tau protein, taupathy, astrocytic plaque, 
parkinsonism, age, dementia, globus pallidus, neuronal loss, 
hippocampus, neurodegeneration and neuroprotective effects, 
suggesting a comprehensive exploration of CBD's potential 
impact on neurodegenerative conditions

Role of Cannabidiol and Brain-Derived Neurotrophic 
Factor (BDNF)

Synaptic plasticity, a crucial process in the brain associated with 
learning and memory, involves modifications in synaptic strength 
through both pre- and postsynaptic mechanisms. Studies in mice 
have demonstrated that a single administration of CBD can 
rapidly and persistently induce antidepressant effects, potentially 
mediated by alterations in synaptic protein function. Acute CBD 
treatment has been shown to elevate Brain-Derived Neurotrophic 
Factor (BDNF) levels in the prefrontal medial cortex and 
hippocampus, suggesting CBD's involvement in activating 
the BDNF signaling pathway to promote robust and enduring 

Figure 3:  In the VOSviewer analysis of the PubMed articles related to ''CBD-APOe-astrocytes' (153 total documents), the focus on Item22, Cluster3, with Links178 
reveals a substantial network with a total link strength of 1197. This network likely encompasses various aspects related to CBD, APOe and astrocytes, suggesting 
a multifaceted connection between these elements. The keywords associated with the articles include tau protein, taupathy, astrocytic plaque, parkinsonism, 
age, dementia, globus pallidus, neuronal loss, hippocampus, neurodegeneration and neuroprotective effects. The intricate interplay of these terms suggests 
a comprehensive exploration of CBD's potential impact on neurodegenerative conditions, including aspects of tau pathology, astrocytic involvement and 
protective effects. This analysis underscores the complex relationships within the literature, providing valuable insights into the intersection of CBD and 

neurodegenerative processes.
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antidepressant effects. These effects appear to be associated with 
rapid changes in synaptic plasticity within the medial Prefrontal 
Cortex (mPFC) and can be blocked by the mTOR inhibitor.47 
While CBD has limited impact on excitatory neurotransmitters, 
it does exhibit inhibitory effects on two forms of endogenous 
cannabinoid-mediated retrograde synaptic plasticity: 
depolarization-induced excitation suppression and metabotropic 
excitation suppression. The increased expression of BDNF 
induced by CBD may contribute to its neuroprotective effects. 
BDNF has been shown to have anti-apoptotic, anti-inflammatory 
and antioxidant properties, which can help protect neurons 
from damage and promote their survival. Additionally, BDNF is 
known to facilitate synaptic plasticity by promoting the formation 
and strengthening of synapses, which are crucial for learning and 
memory processes.48

Furthermore, CBD shows promise for treating of painful 
diabetic neuropathy, with its effectiveness potentially mediated 
by the activation of the serotonergic system. The involvement of 
ApoE2 receptors in the clearance of harmful reactive Aβ from 
synapses and the role of ApoE in Aβ metabolism in AD have been 
suggested, although the specific mechanisms and contribution of 
ApoE to non-Aβ-mediated processes in AD pathogenesis remain 
unclear.49 In Figure 4, the VOSviewer analysis of 48 PubMed 
articles related to 'CBD-APOe-BDNF' reveals a distinct cluster 
(Cluster 1) with 20 items linked by 147 connections, emphasizing 
significant associations between CBD, APOe and BDNF in 
neurogenesis and neuroinflammation

Reelin, a crucial protein involved in neuronal migration and 
synaptic plasticity, exerts its effects primarily through the 
ApoE2 and VLDLR receptors. Studies on mice lacking reelin, 
VLDLR and ApoE2 have revealed hyperphosphorylation of the 
microtubule-stabilizing tau protein, indicating the regulatory role 
of reelin in microtubule function in neurons via the VLDLR and 
ApoE2 receptors. Dysregulation of reelin has been implicated 
in the development of AD pathology and may contribute to 
impairments in synaptic plasticity and memory. This is supported 
by findings of reduced Reelin levels in the hippocampus of AD 
patients.

Role of Cannabidiol and Apo-lipoprotein-E

The most common mutations observed in AD involve APP, 
Presenilin 1, Presenilin 2 and ApoE-4. Although the exact role 
of ApoE in the pathophysiology of AD is not fully understood, 
it is believed to be involved in Aβ deposition or clearance 
through direct protein-to-protein interaction. ApoE primarily 
modulates microglial activity to control neurodegeneration and 
has a minor role in regulating pathological tau and insoluble tau 
formation.50 The accumulation of amyloid pathology in the brain 
is influenced by ApoE, which can trigger both Aβ clearance and 
accumulation. The formation of ApoE-mediated plaques can lead 
to the aggregation of ApoE and therapeutic antibodies targeting 
ApoE aggregates are designed to reduce Aβ pathology, presenting 
a potential pathway for AD treatment.51

Studies have demonstrated that different isoforms of ApoE exhibit 
varying levels of affinity for the spontaneous accumulation of 
Aβ. Specifically, ApoE4 carriers have a higher frequency of Aβ 

Figure 4:  In the VOSviewer analysis of 48 PubMed articles related to 'CBD-APOe-BDNF' with keywords including CBD, brain, neurotropic factor, hippocampus, 
prefrontal cortex, cannabis sativa, striatum, BDNF expression, neurogenesis, neuroinflammation and collagen binding domain, a distinct cluster (Cluster 1) 
comprising 20 items was identified. This cluster is linked by 147 connections with a total link strength of 794. The presence of CBD, APOe and BDNF in the 
cluster suggests a significant association between cannabidiol and brain-derived neurotrophic factor in the context of neurogenesis, neuroinflammation and 
related processes. The comprehensive analysis underscores the intricate relationship between CBD, BDNF and various brain regions, shedding light on potential 

therapeutic implications for conditions involving the hippocampus, prefrontal cortex and striatum.
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deposition in senile plaques compared to non-carriers and ApoE4 
promotes Aβ deposition in the brains of aged individuals with 
normal cognitive function.52 Additionally, a strong relationship 
has been observed between lower levels of ApoE in Cerebrospinal 
Fluid (CSF) and higher brain Aβ deposition, with decreased 
concentrations of ApoE in CSF being associated with increased 
Aβ accumulation.53

ApoE primarily binds to LDLR, with ApoE3 and ApoE4 exhibiting 
a 50-fold higher affinity for LDLR compared to ApoE2. It has 
been established that the presence of the ApoE4 variant, which 
carries an ApoE lipid/cholesterol transporter, confers a greater 
genetic risk for AD, while the ApoE2 variant has a preventive 
effect. In vitro studies have shown that incubation of ApoE 
with Aβ oligomers significantly affects its lipid binding ability, 
indicating that Aβ oligomers impact the physiological activity 
of ApoE.54 Dysfunctional exosome-mediated Aβ clearance has 
been proposed as a potential cause for elevated Aβ levels in the 
brain. Age-dependent reductions in exosome levels associated 
with ApoE4 have been observed in postmortem human brains 
and ApoE4 mouse brains with benign neuropathology.55 Figure 
5 illustrates the complex interaction among Aβ aggregation, 
clearance mechanisms, cholesterol metabolism and cognition, 
emphasizing ApoE's mediator role. Cholesterol enters neurons 
via HDL facilitated by ApoE. Key receptors, including LRP1, 

LDLR and HSPG, regulate Aβ clearance, modulated by ApoE. 
Deficiency of LDLR leads to ApoE accumulation, while its 
overexpression reduces ApoE levels, crucial for ApoE catabolism 
in the brain. CBD also affects Aβ clearance, cholesterol-related 
gene expression and ApoE interaction, potentially aiding in AD 
therapy.

Regarding amyloid pathology, ApoE2 and, to a lesser extent, 
ApoE3 exhibit hyperlipidation, leading to reduced Aβ aggregation 
and faster Aβ clearance from the brain (Safieh et al., 2019). 
Although ApoE is implicated in both vascular and parenchymal 
Aβ pathology, it appears to play a primary role in common 
carotid artery pathology. Previous studies have demonstrated 
that ApoE4/Aβ complexes are less stable than ApoE2 and ApoE3 
complexes.56 Interestingly, the levels of ApoE/Aβ complexes are 
less stable in ApoE4 carriers and AD brains, resulting in higher 
concentrations of Aβ in the brain and CSF.

In the AD brain, there is a negative correlation between 
microRNA (miRNA) expression and ApoE, indicating the crucial 
role of miRNA in inhibiting Aβ clearance by suppressing ApoE 
expression.57 miRNAs have emerged as potential biomarkers for 
various diseases, including brain damage, neurodegeneration and 
mental illnesses. They play a critical role in multiple aspects of 
brain function, such as neurogenesis, neuronal development,58 
and cellular processes involved in enhancing synaptic function.59

Figure 5:  Schematic representation illustrating the intricate interplay between Aβ-induced aggregation, clearance mechanisms, cholesterol metabolism and 
their impact on cognition, with a specific focus on the mediator role of ApoE. Cholesterol enters neurons through the action of HDL secreted by astrocytes, 
facilitated by the presence of ApoE. Crucial cell surface receptors including low-density Lipoprotein Receptor-Related Protein 1 (LRP1), Low-Density Lipoprotein 
receptor (LDLR) and heparan sulfate proteoglycan (HSPG) play pivotal roles in binding ApoE, Aβ and ApoE/Aβ complexes and are involved in major cellular 
pathways responsible for Aβ clearance. These receptors, directly or indirectly, regulate the clearance of Aβ, which is modulated by ApoE. Notably, deficiency 
of LDLR leads to the accumulation of ApoE in the brain, while the overexpression of LDLR reduces ApoE levels, highlighting the significance of LDLR in ApoE 
catabolism within the brain. Additionally, CBD has been shown to modulate Aβ clearance, influence cholesterol-related gene expression and interact with ApoE, 

potentially contributing to its therapeutic effects in AD.
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Research has demonstrated that under oxidative stress conditions, 
miRNA expression is reduced, potentially leading to decreased 
Aβ uptake and enhanced Aβ clearance during neuronal aging. 
Recent studies have shown that CBD modulates miRNA 
expression and targets specific miRNAs known to be affected by 
CBD. miR-33, abundantly expressed in different brain regions, 
has been found to increase Aβ synthesis in neurons by promoting 
APP cleavage when overexpressed. By controlling ABCA1 and 
Aβ levels in the brain, miR-33 overexpression reduces cellular 
cholesterol efflux and elevates extracellular Aβ levels, promoting 
Aβ production and impairing Aβ clearance.60 Conversely, the 
depletion of miR-33 enhances ApoE lipidation, facilitating 
extracellular Aβ breakdown and leading to a significant reduction 
in brain Aβ levels. These findings suggest that miR-33, through 
its modulation of ApoE and Aβ metabolism, could be a potential 
therapeutic target for AD.61

Furthermore, previous studies have demonstrated the essential 
role of the ATP-binding cassette transporter (ABCA1) in the 
active clearance of Aβ by neuronal and glial cells, with ApoE 
lipidation by ABCA1 playing a critical role in Aβ clearance.62 
ABCA1 acts as a major regulator of cellular cholesterol and 
phospholipid homeostasis, making it a potential target for 
therapeutic interventions in AD. The impact of GPR55 on the 
expression of major cholesterol efflux transporters, including 
ABCA1, was also investigated. Activation of GPR55 led to a 
significant downregulation of the ABCA1 transporter, which was 
effectively prevented by CBD. Studies using mouse models of AD 

have demonstrated that increased expression of ABCA1 results 
in enhanced lipidation of ApoE and decreased accumulation of 
Aβ in the brain. Conversely, inhibition of ABCA1 in cultured 
neurons leads to reduced lipidation of ApoE and increased 
Aβ accumulation. These findings suggest that lipidated ApoE 
may be more efficient in clearing Aβ from the brain than 
non-lipidated ApoE. Dysfunction of ABCA1 may contribute to 
Aβ accumulation in the brain, particularly in individuals carrying 
the ApoE4 allele.62 ABCA1 is crucial for the active clearance of Aβ 
by neurons and glial cells and ApoE lipidation by ABCA1 plays a 
vital role in preventing AD.

In Figure 6, VOSviewer analysis of 20 PubMed articles related 
to 'CBD-APOe' reveals key themes: CBD, APOe, corticobasal 
generation, AD, brain, dementia, age and multiple system atrophy. 
Cluster 4, with 99 links and total link strength of 399, underscores 
interconnectedness, highlighting pivotal roles of 'CBD' and 
'APOe'. ApoE plays a crucial role in neurodegeneration by 
modulating microglial activity and regulating the accumulation 
and clearance of amyloid pathology in the brain. ApoE4 carriers 
have an increased susceptibility to Aβ deposition, while ApoE2 
and ApoE3 exhibit preventive properties. miRNA has been 
identified as a significant regulator of Aβ clearance by negatively 
modulating ApoE expression. CBD has shown the ability to 
modulate the miRNA expression, suggesting its potential as a 
therapeutic target for AD. miR-33 has emerged as a potential 
therapeutic target for AD due to its modulation of ApoE and Aβ 
metabolism.

Figure 6:  In VOSviewer analysis of 20 PubMed articles related to 'CBD-APOe' search, the focus was on key themes such as CBD, APOe, corticobasal generation, 
AD, brain, dementia, age and multiple system atrophy. The analysis identified a distinct cluster (Cluster 4) with 99 links and total link strength of 399, suggesting 
a strong interconnection between articles within this cluster. The keywords 'CBD' and 'APOe' likely played pivotal roles in establishing these connections. The 
results underscore the relevance and interconnected nature of research on CBD and APOe in the context of corticobasal generation, AD, brain health, dementia, 

age-related considerations and multiple system atrophy, providing insights into the intricate relationships within this review domain.



Patel and Acharya: CBD, ApoE and Neurological Disorders: A Molecular Review

Journal of Young Pharmacists, Vol 16, Issue 2, Apr-Jun, 2024 163

Role of Cannabidiol and mammalian target of 
Rapamycin (mTOR)

Autophagy plays a crucial role in the metabolism of Aβ and tau 
pathology in AD. Dysregulated autophagy has been implicated 
in the pathogenesis of AD and targeting autophagy regulation 
could offer a novel therapeutic approach. In the early stages of 
AD, the presence of Aβ and tau can induce autophagy through 
both mTOR-dependent and mTOR-independent pathways to 
facilitate their clearance.63 In Figure 7, the VOSviewer analysis of 
48 PubMed articles on 'CBD-APOe-mTOR' illustrates significant 
clusters (Item15, Cluster2) with 73 links and a total link strength 
of 167. It focuses on CBD, APOe, mTOR, etc., indicating complex 
interrelationships. The mTOR pathways, which control various 
cellular processes such as cell growth, ribosome biosynthesis, 
translational regulation and autophagy, are implicated in AD.64

Activation of mTOR has been shown to modulate the expression 
and secretion of ApoE in astrocytes, indicating a potential 
regulatory role of mTOR in ApoE metabolism. Particularly, the 
ApoE4 isoform, a major genetic risk factor for late-onset AD, has 
been implicated in dysregulating mTOR signaling. Studies have 
demonstrated increased mTOR activity in ApoE4-expressing 
cells compared with cells expressing the more common ApoE3 
isoform.65 The dysregulation of mTOR signaling in the presence of 
ApoE4 may have detrimental effects on various cellular processes 
implicated in AD pathogenesis. Aberrant activation of mTOR has 
been associated with increased production and accumulation of 
Aβ peptides, a hallmark of AD.66 Moreover, mTOR dysregulation 

can impair autophagy, a crucial cellular process for the clearance 
of misfolded proteins, including Aβ and tau, which are key players 
in AD pathology.67 Figure 8 illustrates molecular interactions and 
pathways in Aβ protein accumulation in AD brains and CBD's 
effects. Aβ accumulation increases ROS, decreases PI3K/Akt 
and reduces Wnt signaling. CBD counters this by enhancing 
Wnt/β-catenin, PI3K/Akt and inhibiting GSK-3β

Furthermore, targeting the mTOR pathway has been proposed as 
a potential therapeutic strategy for AD. Inhibition of mTOR has 
been shown to reduce Aβ levels, enhance autophagy and improve 
cognitive function in animal models of AD.68 Importantly, recent 
evidence suggests that mTOR inhibition may specifically benefit 
individuals carrying the ApoE4 allele, potentially mitigating the 
negative effects associated with this risk factor.

Notably, CBD has been found to have a significant impact on 
mTOR signaling, particularly in the dopaminergic activity 
within the neural mesolimbic pathway mediated by the 5-HT1A 
serotonin receptor. CBD has demonstrated the ability to modulate 
rpS6, a marker for monitoring neuronal activity, by activating 
mTOR and reducing glutamate levels in the brain. Therefore, 
CBD may modulate crucial pathways for neuronal survival, 
including autophagy and other cell survival regulatory pathways. 
Additionally, CBD has shown the potential to alleviate cell viability 
impairment induced by the neurotoxin MPP+ in SH-SY5Y cells 
by modulating the activity of Bax and caspase 3, key regulators 
of cell death and apoptosis.69 Its defensive actions are mediated 
by the stimulation of the ERK and Akt/mTOR pathways, which 

Figure 7:  The VOSviewer analysis of 48 PubMed articles with the search term 'CBD-APOe-mTOR' revealed a significant cluster marked as Item15, Cluster2, 
comprising 73 links with a total link strength of 167. The study focuses on key elements like CBD, APOe, mTOR, tuberous sclerosis complex, mammalian Target 
of Rapamycin (mTOR), caspase, cannabis sativa, autophagy, Akt, PI3K-Akt-mTOR pathway, novel mechanisms, kinase and CBD treatment. The clustering and link 
strength indicate a substantial network of interconnected concepts, suggesting an intricate relationship between CBD, APOe and mTOR pathways in the context 
of tuberous sclerosis complex, autophagy and novel mechanisms. This comprehensive analysis provides valuable insights into the multifaceted interactions 

within this research domain, potentially uncovering new avenues for understanding CBD's impact on mTOR-related pathways.
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play crucial roles in cell survival, differentiation, proliferation and 
metabolism.70 The activation of CBD-induced ERK is regulated 
through its association with CB2 and TRPV1. Moreover, CBD 
has been found to modulate the c-Jun-N-terminal Kinase 
(JNK) pathway, a component of the MAPK signaling pathway 
involved in regulating cellular processes like proliferation and 
apoptosis. By downregulating the PI3K-Akt prosurvival cascade, 
CBD influences the balance between cell death and survival.71 
Additionally, cannabinoids, including CBD, modulate lipid and 
glucose metabolism as well as inflammatory processes through 
the endocannabinoid AEA, leading to neuroadaptive changes 
that improve depressive-like responses by acting as CB1 receptor 
agonists.72

CONCLUSION AND FUTURE PERSPECTIVES

Despite the availability of scattered data on cannabis bioactives 
like CBD, numerous studies have proposed several potential 
molecular targets that underlie the therapeutic effects of CBD, 
including CB1, CB2, GPR55, 5-HT1A, TRPV1, A2A, PPARs 
and opioid receptors. While the initial belief that CBD solely 
acts via the endocannabinoid system has been mostly rejected, 
the existing research has not adequately explored the direct 
correlation between ApoE as a target and CBD-based therapeutics. 
Our systematic review highlights the limited research available 
to support the connection between ApoE and CBD-mediated 
therapeutic functions. Further analysis of existing literature and 

new research is necessary to definitively establish CBD's active 
targets.

Determining the specific molecular targets responsible for CBD's 
neurodegenerative effects presents a challenge. Nonetheless, 
our systematic review has identified several targets based on 
published in vitro data, preclinical investigations and clinical 
signals. To validate these targets, focused studies are crucial in 
establishing direct links between ApoE and the effects of CBD. 
These studies will contribute to a deeper understanding of the 
therapeutic potential of CBD in the context of ApoE-related 
conditions.
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Figure 8:  Schematic representation of the molecular interactions and pathways involved in the accumulation of Aβ protein in the AD brain and the effects of CBD 
on key signaling pathways and processes. The accumulation of Aβ protein leads to increased ROS levels and a decrease in the activity of Phosphoinositide 3-Kinase 
(PI3K) and Akt. Additionally, Aβ accumulation results in a reduction in Wnt signaling and degradation of β-catenin. The down-regulation of β-catenin expression 
further decreases PI3K/Akt signaling. CBD acts by reducing Glycogen Synthase Kinase-3β (GSK-3β) activity, which leads to increased Wnt/β-catenin and PI3K/
Akt pathway activity, as well as a reduction in oxidative stress in AD. The activation of Peroxisome Proliferator-Activated Receptor-gamma (PPAR-gamma) by CBD 
contributes to its effects. CBD also stimulates the ubiquitination of APP and inhibits the accumulation of Aβ, ApoE4 and TREM2, which have distinct roles in AD 
pathogenesis. Lipidated ApoE binds to Aβ, facilitating its internalization or transport to different cell types. TREM2 expressed in microglia mediates the clearance 

of Aβ driven by ApoE. Furthermore, Aβ-induced microglial activation serves as a mediator in the interaction between ApoE and CBD.
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ABBREVIATIONS

CBD: Cannabidiol; ApoE: Apolipoprotein E; GPCR: G-protein 
coupled receptors Introduction; CB: Cannabinoid receptor; 
AD: Alzheimer’s disease; Aβ: Beta amyloid; BDNF: Brain 
derived neurotrophic factor; mTOR: mammalian target of 
rapamycin; ApoE-Aβ: Apolipoprotein E-Amyloid beta; NADPH: 
Nicotinamide adenine dinucleotide phosphate; TLR: Toll-like 
receptors; PPAR-γ: Peroxisome proliferators–activated receptor γ; 
TREM2: Triggering receptor expressed on myeloid cells 2; LRP1: 
Low density lipoprotein receptor; GSK-3: Glycogen synthase 
kinase 3 beta; Akt: Protein kinase B; Wnt: Wingless-related 
integration site; TRPV1: Transient receptor potential vanilloid 
1; miRNA: microRNA; JNK: c-Jun N-terminal kinase; 2-AG: 
2-arachidonoylglycerol; mPFC: medial prefrontal cortex.
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