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In humans, various sites like cannabinoid receptors (CBR) having a binding affinity with cannabinoids are
distributed on the surface of different cell types, where endocannabinoids (ECs) and derivatives of fatty acid can
bind. The binding of these substance(s) triggers the activation of specific receptors required for various

physiological functions, including pain sensation, memory, and appetite.

endocannabinoid system CB1 and CB2 receptors cannabis cancer

| 1. Introduction—Problem and Opportunities

The endocannabinoid system (ECS) is composed of endocannabinoids (ECs), associated receptors of
cannabinoid, and metabolizing enzymes. ECs are endogenous lipid-based retrograde neurotransmitters in a
biological system. They are bound to cannabinoid receptors (CBR), and cannabinoid receptor proteins are
expressed via the vertebrate central nervous system (CNS) and peripheral nervous system. Cannabinoids are
known as a group of terpene phenolic compounds and found in the Cannabis sativa (marijuana plant). Commonly,
three types of cannabinoids are identified: (i) phytocannabinoids observed distinctively in the Cannabis sativa plant,
(i) endogenous cannabinoids found in mammals (i.e., humans and animals), and (iii) laboratory-based
cannabinoids (i.e., synthetic) B [jving organisms respond to complex stimuli, and an evolutionarily
conserved form of ECS exists from plants to mammals. The cannabinoids (over 80) are produced from Cannabis
sativa. Their broad-spectrum characterization classifies them as an assembly of substances with a substantial
structural correlation with Delta-9-tetrahydrocannabinol (A°-THC) and binds to the CBR. Marijuana is a primary
active component of Cannabis sativa, which has been found highly effective to treat wide-ranging syndrome in
patients with cancers, AIDS, CNS disorders (i.e., multiple sclerosis). Moreover, glaucoma is also included in the list
of treatments by those who believed in the medicinal aspects of marijuana RIBIZIEIR The chemistry of these
substances shows various classes of particular chemicals, such as the close structural similarity of classical
cannabinoids to the A°-THC, non-classical categorized cannabinoids, the aryl sulphonamides, the ECs related
eicosanoids, the aminoalkylindoles, and the quinoles B9, There are additional compounds not categorized into
these standard classes due to specific physicochemical characteristics, even though those exhibit the binding
affinity to CBR (CB; and CB,). Multi-dimensional characterization of marijuana on their potential medical effects
can be selected during the evaluation parameters of marijuana and cannabinoids concurrence of specific human

diseases, with fewer side effects. In the previous decades, the endocannabinoid pathway and the physiological
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impacts of cannabinoids have been studied extensively. Cannabinoids exhibit immunomodulatory effects, and their

application, along with prospective roles as an autoimmune or inflammatory therapy, has widely been explored 12,

| 2. The Endocannabinoid System

An ECS comprises endogenous ligands, associated CBR (particularly CB; and CB,), and metabolic enzymes.
Endocannabinoid receptors were named CBR after the recognition of endogenous ligands. The ECs are obtained
from the membrane that is composed of phospholipids. Therefore, they are known as bioactive lipid mediators.
After the identification of the first lipid mediator, arachidonoyl-ethanolamide (AEA) of the ECS, (also known as
anandamide) [23I14I15]  different biomolecules associated with this family were discovered. The most vital
molecules are 2-arachidonoyl-glycerol (2AG) and its isomer 1AG among monoacyl-glycerols; palmitoyl-
ethanolamide (PEA); oleyl-ethanolamide (OEA), and the N-acyl-ethanolamides L8718l The cannabinoid receptor
type-1 and type-2, both 2AG and AEA are engaged in different biological functions; however, the AEA metabolism
and attachment of the peroxisome proliferator-activated receptor-a is influenced by PEA and OEA [Bli22120]121][22](23]
These all biomolecules are explained in detail in the endocannabinoid related compounds. Partial or full agonists of
CB; receptors in terms of anandamide depend on tissue and biological response type. However, CB, receptors

can attach but have an intermittent effect and can perform like an antagonist [12[20]24]

2.1. Cannabinoids Receptor Agonists

Cannabinoids receptors can be classified into four groups based on different chemical structures named as (i)
classical (ii) non-classical (iii) aminoalkylindole (AAls), and (iv) eicosanoid compounds. These groups are mostly
heterogeneous 87 The phytocannabinoids (A%-THC, A8-THC, cannabinol) and associated analogs (i.e.,
synthetic) form the classical group. O-arachidonoylethanolamine (virodhamine), arachidonoylethanolamide
(anandamide), 2-Arachidonoyl Glycerol (2-AG), and other anandamide associated synthetic analogs/derivatives
are present in the eicosanoid group. A cellular system of an organism usually produces the majority of ECs found in
the eicosanoid group. Non-classical and AAls groups contain synthetic cannabinoids. Both CB; and CB, receptors
are the chief receptors of the ECS, and each of them possesses a different affinity of endocannabinoid agonists.
For instance, the CB; receptor has a greater affinity of A%-THC, and without selective marking of CB;/CB,

receptor(s), the phytocannabinoid cannabinol possesses partial affinity (Figure 1) [24],
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Figure 1. Agonists, antagonists, and endogenous agonist cannabinoids and their sub-types. Endogenous agonists:
AEA and 2-AG; Exogenous agonist A9-tetrahydrocannabinol (A%-THC). The key psychoactive cannabis module,
synthetic derivatives, HU 210, HU 308, CP 55,940 are identified. These compounds are commonly used as
pharmacologic tools. Modified and reprinted from Ref. 24 with permission from Elsevier. License Number:
5066110366934. Abbreviation: CB; (cannabinoid receptor 1); CB, (cannabinoid receptor 2); HU-210, (highly potent
cannabinoid receptor agonist); JWH-015 (a selective CB2 agonist); JWH-133 (a potent selective CB2 agonist);
SR141716 (Rimonabant, a selective CB1 receptor antagonist or an inverse agonist); SR141716 (Rimonabant, a
selective CB1 receptor antagonist or an inverse agonist); HU-308 (cannabidiol (CBD)-derivative drug); SLV 319 (a

potent and selective CB1 receptor antagonist); CP 55,950 (a synthetic cannabinoid).
2.2. Cannabinoids Receptors CB; and CB, and Functional Pathway

Recognized CBR CB; and CB, belong to the structural membrane receptors and family of G protein-coupled
receptors. They also have seven transmembrane spanning domains. Limiting cellular response towards the
specific cannabinoid receptor ligands, the effect of partial agonism is variable from its binding, and thereby inverse
agonism to its functional selectivity plays a crucial role 22, The functional influence of both CB; and CB, receptors
is acquired when heterotrimeric Gj, (a subunit of G protein) proteins are coupled. However, the activated CB;
receptors perform their functions due to G alpha i/o activation 28, The inhibition of the adenylate cyclase enzyme
synthesis is due to the attachment of CB, to its agonist. The binding of CB; to its ligand decreases the levels of
cAMP and the elevated level of mitogen-activated protein kinase (MAPKSs). Moreover, in few cases, the activated

CB; receptor corresponding to G4 proteins may accelerate adenylate cyclase cAMP [231[26]127][28]
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In the cell membrane, both receptors (i.e., CB; and CB,) and various ion channels, such as the potassium and
calcium channels, are influenced positively because of independent activity. These ionic channels are activated
when the cAMP-dependent interaction takes place between the molecules and the receptor. These molecules are
recognized as protein kinase C, protein kinase A (PKA), p38, Raf-1, extracellular regulated kinase (ERK), N-
terminal kinase (JNK), and c-fos, c-Jun 27128 The CB; activation causes the lowering of the Ca?* ions entry in the
cell, which is the key factor for releasing neurotransmitters without cAMP association and results in reduced
secretions of neurotransmitters. Therefore, a pre-synaptic receptor (CB; receptor), when activated in a dose-
dependent manner, leads to neurotransmitter release (223981 The regulation of the phosphorylation process and
activation of various entities of the family of MAPKs, MAP kinase p38, and c-Jun can be performed through using
both receptors. Consequently, JNK MAPK directs cell adhesion, proliferation, motility, and apoptosis. Glucose
metabolism is also linked to gene expression [BUB2IE3134] Both receptors CB; and CB, that also respond via the
stimulation of their agonists (exogenous/endogenous/synthetic). Agonist molecules are instantly deactivated when
transported/uptake into cells, followed by their release and metabolic function. Both anandamide and 2-AG perform
metabolism due to their enzymatic hydrolysis characteristics, and this process is carried out in combined activity of
fatty acid amide hydrolase enzyme (FAAH) B3B8 Furthermore, additional metabolic activities require
monoglyceride lipase for the hydrolysis of 2-AG BZI28 Figure 2 illustrates the summary of potential mechanisms of
action [24],

CB1 K+ Ca+

APFOFITOSIS

GENES EXPRESSION AARL G L W
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Figure 2. Signaling pathways of CB; and CB, receptors. G proteins are associated with CBR (i.e., CB; and CB,).
The inhibition of adenylyl cyclase activity and the stimulation of the variant MAPK cascades were demonstrated
through these receptors’ activation. Moreover, the CB; cannabinoid receptor facilitates the regulation of the voltage
gated Ca?* channels as they are negatively regulated, and inwardly resolving K* channels are positively regulated.
Intracellular free Ca2* increase is prompted through phospholipase C (PLC) activation. The inhibition of gene
expression is facilitated by the PKA, and reduction in cAMP directs cannabinoid-mediated inhibition. It is resulting

in the MAPK cascade activation associated with cell survival or apoptosis. Such signaling pathways/mechanisms
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are associated with the multiple functions of the cells that are regulated through CBR. Reprinted from Ref. 24 with

permission from Elsevier. License Number: 5066110366934.

In addition to a few non-neuronal cells, central and peripheral neurons defined CB,; receptors B2 The
heterogeneous distribution of CB; receptors is found among the CNS that aid the functional activities. Mainly all the
functional activities controlling parts of the brain such as the cerebral cortex, entopeduncular nucleus, substantia
nigrapars reticulate, hippocampus, caudate putamen, globuspallidus, cerebellum, and other areas of the brain and
spinal cord possess the dense distribution CB; receptors. The presence of CB4 receptors helps in processing or
controlling the nociceptive information. Agonists’ ability associated with the CB; receptor could be categorized
using the distribution pattern of CB; receptor among the CNS to impair cognition memory. Moreover, their potential
role in changing the motor function and the development of an anti-nociception are also studied “4A41[42]43][44] The
terminal end of the central and peripheral nerves contains few CB; receptors and is involved in controlling the
release of excitatory and inhibitory neurotransmitters B3l Primarily CB, receptors found on immune cells are well-
characterized and play a key role in immunomodulation BZE48I47 Chemical messengers releasing capability is
shared between CB; and CB, receptors. Initially, at the CNS, cannabinoids act with multiple neurotransmitters and
participate in the modulation of their release through the function of the CB; receptor 4849 (Figure 3). Secondly,
inflammatory cytokines release, and the immune system regulation require the prospective activity of CB,
receptors. In the following section, we have highlighted other types of CBR belonging to the ECS.
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Figure 3. The action(s) of cannabinoids at the site of the presynaptic terminal. Agonists of a cannabinoid such as
THC, 2-AG, and AEA attach to the CB; receptor. The attachment is prompting alteration in intracellular levels of

Ca?* and K* ions. Consequently, direct towards secretion of neurotransmitter blockage at the site of presynaptic
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neurons. At the postsynaptic neuron site, cannabinoids are devastated through the FAAH enzyme, and the

respective metabolites are reused. Shapes representation: Red triangle for endocannabinoid; yellow oval spots for

neurotransmitters; Orange color shape represents FAAH.
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