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Learning Objectives 
After reviewing this material, the learner will 
be able to: 

• Recount the history of the discovery of the 
endocannabinoid system (ECS). 

• Explain the role and significance of the ECS for 
human health. 

• Identify the principal components of the ECS. 

• Explain the difference between CB1 and CB2 
receptors. 

• Explain the function of the primary endogenous 
ligands of the ECS.  

• Compare the chemical structures of the 
endogenous ligands.  

• Explain the basic chemistry of endocannabinoid 
signaling. 

• Discuss examples of some medical conditions 
currently considered to be related to ECS 
dysfunction or deficiency. 
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COURSE OUTLINE 

Introduction 

The Importance of 
Knowing Cannabis History 



Introduction 
The endocannabinoid system (ECS) is one of the most important regulatory networks in the 
human body, responsible for maintaining homeostasis among all organ systems. Deficiencies 
and overactivity of the ECS have been linked to broad and significant health challenges 
such as chronic pain, diabetes, multiple sclerosis, migraines, cancer and obesity. Research 
continues to reveal how this intricate system modulates healing and health maintenance.  

Discovery of the Endocannabinoid System 
The ECS was unknown to modern medicine until the last decade of the 20th century, when it 
was gradually unveiled by working backward. In 1963, Raphael Mechoulam, an Israeli 
organic chemist, isolated and identified the phytocannabinoid CBD (cannabidiol), followed 
by THC (Δ9-tetrahydrocannabinol) and CBG (cannabigerol) in 1964. Almost twenty-five 
years passed before the first cannabinoid receptor was identified, followed quickly by the 
discovery of endogenous cannabinoids that trigger this receptor system.  

In 1988, Allyn Howlett and William Devane, two American 
researchers, identified and located a class of 
neuromodulating receptors using radioactively-tagged 
synthetic THC (Pfizer’s CP55,940).1 This first receptor, called 
cannabinoid receptor 1, or CB1, is a neuro-modulating G-
protein-coupled receptor located primarily in the brain and 
central nervous system.  

In 1990, Lisa Matsuda of the National Institute of Health 
(NIH) successfully isolated and cloned the 472 amino acid 
sequence of the CB1 receptor. This discovery was of immense 
importance because it allowed researchers to create 
molecules, both agonists (activators) and antagonists 
(deactivators), that bind to CB1 receptors. 

A research group from Cambridge University identified the 
second cannabinoid receptor, CB2, in 1993. CB2, also a G-
protein receptor, is prevalent throughout the immune system 
and the peripheral nervous system. 

The presence of cannabinoid receptors (CBRs) in the human 
body practically demanded the existence of endogenously 
derived cannabinoids (ligands). The alternative explanation—
that our bodies would express receptors solely attuned to 
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plant molecules like THC—was highly implausible. Not surprisingly, the identification of the 
two primary endocannabinoids (eCBs) swiftly followed the discovery of the cannabinoid 
receptors. 

In 1992, Raphael Mechoulam and NIH researchers William Devane and Lumir Hanus 
discovered the first eCB and named it anandamide (N-arachidonoylethanolamine or AEA). 
The second eCB, 2-AG (2-Arachidonoylglycerol), was discovered in 1995 by Raphael 
Mechoulam and colleagues Lumir Hanus and Shimon Ben-Shabat.2  

Functions of the Endocannabinoid System 

A. Homeostasis and Endocannabinoid Tone 
The role of the ECS is to maintain homeostasis, the physiological balance in and between all 
systems of the body. Because the ECS plays a central role to so many physical and 
psychological functions, proper endocannabinoid tone is vital to maintain optimal and stable 
health and wellness. A person’s endocannabinoid tone reflects endocannabinoid levels, CB1 
and CB2 expression, and is a composite of their production, metabolism, relative 
abundance, and the state of the receptors themselves.3 The tone of the ECS can be altered 
by genetics, stress, nutrition, medications, environmental chemicals and toxins, and aging.  

Table 1. Chronology of ECS Discovery

1963 Phytocannabinoid CBD (cannabidiol) isolated

1964 Phytocannabinoids THC (∆9-tetrahydrocannabinol) and CBG (cannabigerol) isolated

1988 CB1 receptor identified

1990 Isolation and cloning of the 472 amino acid sequence of the CB1 receptor

1992 First endocannabinoid, anandamide, identified

1993 CB2 receptor identified

1995 Second endocannabinoid, 2-AG, identified
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B. Effects of a Dysfunctional ECS 
Research suggests that the underlying pathophysiology of numerous diseases, including 
several that are often poorly managed by conventional western medicine, is associated with 
a dysfunctional or deficient ECS.3-5 ECS dysfunction can be further categorized as either an 
underactive ECS—including clinical endocannabinoid deficiency (CECD)—or an overactive 
ECS. 

Migraines, fibromyalgia, irritable bowel syndrome, and uncompensated schizophrenia are 
just some of the conditions connected to CECD. Conditions associated with an overactive 
ECS are diabetes, rheumatic disease, cancer, and obesity. 

C. Use of Exogenous Cannabinoids 
Extensive research into the complex structure and function of  
the ECS is revealing how crucial the ECS is in maintaining all 
systems of the body. It is becoming increasingly clear that 
replacement of deficient eCBs or modulation of CBR 
activity by administration of exogenous cannabinoids can 
potentially provide both immense symptomatic relief and 
disease management—or even disease reversal.3,6,7 As 
ongoing research and clinical trials are demonstrating the 
potential medical value of cannabis  
therapy specifically, the implications for clinical practice  
are just beginning to be understood and applied.8-12

Table 2. Conditions Associated with Dysfunctional ECS (partial list)

Deficiency (CECD) Overactive ECS

Migraines Diabetes

Fibromyalgia Rheumatic disease

Irritable bowel syndrome Cancer

Uncompensated schizophrenia Obesity
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Physiology of the Endocannabinoid System 

A. Receptors 
As previously reviewed, there are two major cannabinoid receptors (CBRs) in the ECS, CB1 
and CB2. The numbers denote the order in which the receptors were discovered. Both CBRs 
are G-protein-coupled receptors that inhibit adenylyl cyclase and activate mitogen-activated 
protein kinase.13 As described by Schaeffer and Weber, “Mitogen-activated protein kinase 
(MAPK) cascades are among the most thoroughly studied of signal transduction systems and 
have been shown to participate in a diverse array of cellular programs, including cell 
differentiation, cell movement, cell division, and cell death.”14  

CBRs are coupled through G-proteins to several types of calcium and potassium channels.15 
A common role of CB1 and CB2 receptors appears to be the modulation of the release of 
chemical messengers, CB1 receptors mainly from neurons and CB2 receptors from immune 
cells.16 

1.  Cannabinoid Receptor 1 (CB1) 

CB1 is the most plentiful receptor in the brain, expressed in the cerebral cortex, basal 
ganglia, hippocampus, cerebellum, hypothalamus, and amygdala. Non-neuronal tissues that 
also express CB1 include the pituitary gland, immune cells, the pancreas, liver, GI tract, 
skeletal muscles, heart, reproductive system, and adipose tissue.17,18  

The expression of CB1 in so many different brain regions and other tissues suggests that eCB 
signaling has been a fundamental and widely employed mechanism of synaptic plasticity 
throughout more than 400 million years of vertebrate brain evolution.19 Every living creature 
except insects has this receptor system. 

While CB1 receptors are located throughout the body, most are found on presynaptic nerve 
terminals of the central and peripheral nervous systems. When activated, these receptors 
mediate inhibition of different excitatory and inhibitory neurotransmitters.20  

2.  Cannabinoid Receptor 1 (CB1) 

CB2 is located predominantly in immune tissues,21 where it likely modulates cytokine release 
and immune cell migration.16 CB2 can also be found in hematopoietic cells, the pancreas, 
liver, intestinal tract, and brain stem (to an almost negligible degree), though their action in 
these tissues is less well characterized.22,23 
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3. Secondary Receptors (TRPV1,PPARs, and GPR55) 

In addition to CB1 and CB2, numerous other receptors that also respond to cannabinoids 
have been found throughout the body. Research continues to reveal the complex network of 
interactions involved in maintaining homeostasis and endocannabinoid system tone. Some of 
these are discussed in the following paragraphs. 

TRPV1 (Transient Receptor Potential Vanilloid 1)  

Also known as the capsaicin receptor, TRPV1 mediates pain perception, inflammation, 
and body temperature, and has been heavily researched as a promising target for pain 
therapy. TRPV1 appears to function as an ionotropic cannabinoid receptor (as opposed 
to the metabotropic CB1 and CB2 receptors) under physiological and/or pathological 
conditions.24 The eCB anandamide has been observed to stimulate the TRPV1 receptor in 
a fashion similar to capsaicin, the compound found in chili peppers. N-arachidonoyl 
dopamine (NADA) is another endocannabinoid that acts as a full agonist at TRPV1. 
While AEA and NADA may thus be considered “endovanilloids” in addition to 
endocannabinoids , many now also consider TRPV1 to be a true cannabinoid receptor.25 

TRPV1 is also known to colocalize with CB1 receptors in sensory and brain neurons, and 
with CB2 receptors in sensory neurons and osteoclasts.24 In sum, evidence points to a 
complex interplay between TRPV1, CBRs, and cannabinoids.26 

Recent research also has shown that using TRPV1 is a potential strategy to improve the 
therapeutic profile of opioids. The activation of TRPV1 blocks opioid-dependent 
phosphorylation of MOR1, the process responsible for numerous opioid-induced adverse 
effects, including the development of tolerance. At the same time, TRPV1 does not affect 
G-protein signaling, the process responsible for the analgesic effect of opioids.27  

PPARs (Peroxisome Proliferator-Activated Receptors)  

PPARs are subcellular organelles, a family of nuclear receptors—also known as 
transcription receptors—that are responsible for cellular differentiation and proliferation, 
cell death, lipid and glucose metabolism, inflammation, energy homeostasis, gene 
expression, and tumorigenesis.28 PPARs mediate a variety of biological processes and 
have been implicated in the development of several chronic diseases, including diabetes, 
obesity, atherosclerosis, hypertension, and cancer.29  

Research has shown that cannabinoids (particularly eCBs) work on the family of PPARs. 
There are three PPAR isoform types: alpha, beta/delta, and gamma.30 There is some 
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evidence to suggest that the endocannabinoid system and PPARδ (PPAR delta) may be 
intrinsically linked.31  

GPR55 (G-protein-coupled receptor 55)  

GPR55 was previously considered an “orphan” receptor because researchers were not 
clear whether this G-protein-coupled receptor belonged to the greater GPCR 
superfamily, nor could they identify the endogenous ligands that worked on it.32 This 
receptor is found in the cerebellum, adrenal glands, GI tract, lung, liver, uterus, bladder, 
kidney, and bone and CBD acts upon it as an antagonist.  

GPR55 was initially deorphanized as a full-fledged CBR as it binds many exogenous 
cannabinoid compounds.33 It has since been discovered to bind the endogenous ligand 
lysophosphatidylinositol (LPI)—a non-cannabinoid—as well as other ligands that do not 
bind, in turn, to either CB1 or CB2, complicating the receptor’s classification.32 

Activation of GPR55 has recently been found to lower blood pressure, fight 
inflammation, and sometimes block pain. GPR55 and its endogenous ligand LPI have a 
role in energy balance and glucose metabolism, with as yet undefined implications for 
the treatment of obesity and type 2 diabetes.34  

Ongoing research provides evidence that the ECS is still more complicated and that 
additional receptor types help explain ligand activity in a number of physiological 
processes and systems. Indeed, researchers now agree the ECS is just part of the 
broader “endocannabinoidome” (eCBome), a term introduced in 2014 to describe the 
vast, pleiotropic signaling system that also includes an array of fatty acid mediators 
structurally and/or functionally similar to endocannabinoids, as well as their many non-
cannabinoid receptor targets and metabolic enzymes.35 

Table 3. Activity of Exogenous Cannabinoids on Various Receptor Types36

THC Receptors CBD

Pain, itch, ↓obesity TRPA1 Pain, itch, inflammation

N/A TRPV1 Analgesia

Heat, pain, 
inflammation

Agonist TRPV2 May ↓chronic pain

N/A TRPV4 May reduce acne Agonist

 Agonist Agonist

 Agonist

 Agonist
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B. Endocannabinoids: Endogenous Ligands Anandamide  
and 2-AG 

The ECS functions as a lock and key system. The cascade of events triggered when ECS 
receptors are stimulated is determined by the ligand that stimulates the receptor. This section 
will focus on the endogenous ligands (eCBs) that bind to these receptors. 

The three defining criteria of eCBs are: 

(1) activity-dependent production, 
(2) functional activation of CBRs, and 
(3) biological inactivation.37 

Cold sensation, 
analgesia TRPM8 ↓Inflammation, ↓prostate ca

Synergistic 
analgesia 6x <CBD

Allo.modulator Opioid µ/δ Allo.modulator Synergistic analgesia

CNS modulation CB1
CBD 

↓effects of 
THC

↓Immune, ↓↑mood CB2
↓↑Immune,
↑mood

N/A GPR3 Inver. agonist Alzheimer’s neuropathy

N/A GPR6 Inver. agonist Parkinson’s

Testes, spleen ↓HTN GPR18 N/A

Heart funct., may 
↑certain ca GPR55

↓Bone loss, may ↓certain 
cancers

- Mod. via 
CB1&2 NTM Modulator ↑5HT1A, ↑GABAA, 

↓Ade.uptake

N/A 5-HT1A Agonist ↓HR, ↓BP, ↓body temp.

Emotions, learning, 
memory

Mod. via CB1 5-HT2A Agonist Emotions, learning, memory

Analgesia, 
antiemesis

Neg. Allo. 
Modulator 5-HT3A

Neg. Allo. 
Modulator

Analgesia, antiemesis

Art. vasorelaxation, 
↓cancer PPAR’s α/γ Agonist α ↓Lung ca, ↓inflammation, 

↓pain

N/A Enzymes ↓FAAH↑AEA ↑Mood, ↓psychosis

 Agonist

 Antagonist

 Agonist

 Agonist

 Antagonist

 Agonist

 Agonist

 Antagonist

 Agonist γ

 Antagonist

 Agonist

 Antagonist
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The prototypical eCBs are anandamide and 2-AG. Both are lipid molecules derived from 
arachidonic acid. These ligands are synthesized on demand (activity-dependent production), 
activate CBRs with varying affinity (functional activation of receptors), and are 
enzymatically degraded upon local cellular reuptake (biological inactivation). 

In the CNS, anandamide and 2-AG are produced when and where they are needed from 
depolarized postsynaptic neurons, serving as retrograde messengers to act on nearby 
presynaptic neurons.37  

1. Anandamide 

The eCB N-arachidonoylethanolamine (AEA), more commonly referred to as anandamide, 
was the first eCB identified by researchers, in 1992.38 A partial agonist of the CBRs, 
anandamide binds with high affinity to CB1 receptors, but 
with less affinity to CB2 receptors.39 In neuronal cell types, 
membrane depolarization increases intracellular 
concentrations of calcium, which in turn triggers the 
production and release of anandamide.40 Anandamide 
additionally impacts virtually every system of the 
mammalian body through a multiplicity of receptor targets 
that include, besides CB1 and CB2, TRPV1 channels, 
GPR55 and GPR119, and PPARs.41  

2. 2-Arachidonoyl glycerol (2-AG) 

The endocannabinoid 2-arachidonoyl glycerol (2-AG) was 
identified in 1995, several years after anandamide. 2-AG is 
a full agonist at both CBRs, and is present in the brain at 
levels 170 times higher than those of anandamide.42 For 
these reasons, 2-AG is thought to be the main endogenous 
agonist for both CBRs. 2-AG activates CB1 and CB2 
receptors with distinct pharmacological profiles, with a 
slightly higher affinity for CB1 receptors.43,44
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3. 2-Arachidonoylglycerol ether (2-AGE, Nolan ether) 

Isolated in 2001, the eCB 2-arachidonoylglycerol ether (2-AGE, or Noladin ether) 
selectively binds to CB1.45 It is a potent and selective agonist of CB1 and GPR55, and to a 
much lesser extent of CB2. It is more chemically 
stable than 2-AG, with an endogenous half-life of 
hours rather than minutes.46 However, it is less 
potent than 2-AG in eliciting typical CB1-mediated 
responses.43  

4. Secondary Ligands 

Several other endogenous molecules mimic or support the effects of the eCBs. Two of these 
molecules, palmitoylethanolamide (PEA) and oleoylethanolamide (OEA), inhibit the 
degrading action of fatty acid amide hydrolase (FAAH), thus inhibiting the breakdown—and 
potentiating the effect—of anandamide.47,48  

Secondary ligands also work on non-cannabinoid receptor types—such as PPARs, GPR119, 
and TRPV receptors49—complementing the activities of the major ligands. This is described as 
a CB1/CB2-independent entourage effect. The entourage effect potentiates the activity of 
eCBs at their receptor targets.50

C. Enzymes: Synthesizing and Degradative  
In the central nervous system, neurotransmitter stimulation of postsynaptic cells triggers 
enzymatic formation of eCBs from membrane phospholipids in the postsynaptic cell 
membranes. Upon synthesis, eCBs are released to the extracellular fluid where they travel 
backwards across synapses to interact with receptors on presynaptic terminals. For this 
reason, the ECS is considered a retrograde signaling system. After reaching their receptor 
targets, eCBS are rapidly inactivated by their degradative enzymes. 51,52  

1. Synthesizing and Degradative Enzymes for Anandamide (AEA) 

Synthesizing enzymes: N-Acyltransferase and NAPE-specific phospholipase D  

The primary synthetic pathway for anandamide begins with the formation of its phospholipid 
precursor, N-arachidonoyl-phosphatidylethanolamine (NAPE). NAPE is formed from 
arachidonic acid and phosphatidylethanolamine by the Ca2+-dependent activity of N-
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acyltransferase (NAT). When the cell is activated by neurotransmitters, NAPE is cleaved by 
N-acyl phosphatidylethanolamine specific phospholipase D (NAPE-PLD) into anandamide 
and phosphatidic acid.53,54  Anandamide is commonly emitted from cells immediately without 
an intermediate step of vesicle storage,37,55 but there is evidence that AEA can also be 
stored in intracellular lipid droplets.54  

Degradative enzyme: Fatty-acid amide hydrolase  

Fatty-acid amide hydrolase (FAAH) cleaves anandamide into arachidonic acid and 
ethanolamine.  

2. Synthesizing and Degradative Enzymes for Anandamide (AEA) 

Synthesizing enzymes: Phospholipase C and diacylglycerol lipase  

Like anandamide, 2-AG synthesis is Ca2+-dependent, triggered by neuronal stimulation.42 
The phospholipid precursor of 2-AG is diacylglycerol, which is formed from either 
phosphatidylinositol or phosphatidylcholine via the activity of phospholipase C (PLC). 2-AG, 
a monoglyceride, is produced by the metabolism of diacylglycerol by diacylglycerol lipase 
(DAGL).54   

Degradative enzyme: Monoacylglycerol lipase  

Monoacylglycerol lipase (MAGL) degrades 2-AG into arachidonic acid and glycerol.  

D. Termination of Endocannabinoid Signaling  
Endocannabinoid signaling is terminated by a two-step process that includes (a) transport 
into cells and (b) hydrolysis (breakdown) by two specific enzymatic systems as described 
previously. Both steps exert tight control of eCB levels in tissues where they rapidly eliminate 
these signaling molecules.  

Endocannabinoid uptake is mediated by an as-yet unidentified transporter,56,57 which is 
widely distributed throughout the brain.58 The transporter is an elusive molecule that works 
similarly to other lipid carriers by facilitating the uptake of both anandamide and 2-AG in 
an energy-independent fashion.56 
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Pathways: Endocannabinoid System Receptors in Action  

A. CB1 Receptors 
CB1 receptors are primarily located on presynaptic terminals throughout the central nervous 
system where they modulate neurotransmitter signaling. When bound by cannabinoids, CB1 
receptors inhibit the release of excitatory and inhibitory neurotransmitters from presynaptic 
cells.9  

Endocannabinoids predominantly travel retrograde across the synapse to bind CB1 
receptors to inhibit further neurotransmitter release.51,59 As a retrograde signaling system, 
the ECS is unlike other neurotransmitter systems in the body. As stated by Martin Lee of 
Project CBD, “Retrograde signaling serves as an inhibitory feedback mechanism that tells 
other neurotransmitters to cool it when they are firing too fast.”60 

Neurotransmitter systems managed by this ECS feedback mechanism include the serotonin, 
norepinephrine, glutamate, dopamine, GABA, and cholecystokinin systems. 

B. CB2 Receptors  
CB2 receptors are found primarily throughout the immune system and the peripheral 
nervous system. These receptors are largely responsible for modulating immune function.  

Table 4. Major Components of the Endocannabinoid System

CB receptors CB1 
CB2

CB ligands Anandamide 
2-AG

Synthesizing enzymes

NAT 
NAPE-PLD 

Phospholipase C 
DAGL

Degradative enzymes FAAH 
MAGL
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Cannabinoid action at CB2 receptors mediates the release of cytokines and chemokines, 
impacts the migration of neutrophils and macrophages, and inhibits tumor growth.37,61-63

      

C. Other Cannabinoid Receptors 
Research sponsored by universities and institutions worldwide continues to expand the 
known number, type, location, and function of other cannabinoid-responsive receptors 
throughout the body.37 Locations of these receptors vary—some are within a cell, others 
within cell membranes or even on nuclear membranes. Receptors initially identified as 
orphan receptors often lead to the discovery of other eCBs, their metabolites, and their 
effects on multiple physiological systems. Some examples of what were initially labeled 
orphan receptors include GPR18, GPR55 (discussed previously), GPR19, and the 5-HT3 
serotonin receptor. Ongoing study of GPR55 and TRPV1 reveal compelling evidence that 
these receptors may be endogenous CBRs.  

The magnitude of ongoing research on the ECS and its intricacies and subtleties promises—
and is delivering—a new understanding of human physiology as well as a new perspective 
on pharmacology. 
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Glossary 

2-AG (2-Arachidonoyl
glycerol)

A lipid mediator that acts as an endogenous ligand  of 
CB1 and CB2 receptors; the second identified 
endocannabinoid, identified in 1995. 

Agonist A ligand that activates a biochemical response upon 
binding to a receptor.  

Anandamide (AEA, N-
arachidonoylethanolamine)

A lipid mediator that acts as an endogenous ligand of 
CB1 and CB2 receptors; the first identified 
endocannabinoid. 

Antagonist A ligand that does not provoke a biochemical response 
of its own upon binding to a receptor, but blocks or 
attenuates agonist-mediated responses at that receptor. 

DAGL (Diacylglycerol 
lipase)

A key enzyme in the biosynthesis of 2-AG; catalyzes  
the hydrolysis of diacylglycerol into 2-AG and a free fatty 
acid.  

Endocannabinoid System 
(ECS)

The major homeostatic regulatory system of the body. A 
physiological system composed of cannabinoid receptors 
(CB1 and CB2) , endocannabinoids (anandamide and 2-
AG), and their biosynthetic (NAPE-PLD and DAGL)  and 
degradative enzymes (FAAH and MAGL). 
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Endocannabinoidome 
(eCBome)

An expansion of the endocannabinoid system that 
includes the ECS as well as endocannabinoid-like  
lipid mediators, their molecular targets and  
metabolic enzymes. 

FAAH (Fatty acid amide 
hydrolase)

Enzyme responsible for the hydrolysis of the 
endocannabinoid anandamide to arachidonic acid and 
ethanolamine; also degrades related amidated signaling 
lipids, including OEA, PEA, and, to some extent, 2-AG.  

G protein Protein that acts as a molecular switch inside a cell; 
involved in transmitting signals from a variety of stimuli 
outside a cell to its interior.  

G protein-coupled receptor 
(GPCR)

A seven-transmembrane protein that binds extracellular 
substances and transmits signals from these substances to 
an intracellular molecule called a G protein; CB1 and 
CB2 are two well known G protein-coupled receptors. 

Homeostasis A self-regulating process by which an organism tends to 
maintain stability while adjusting to changing external 
and internal conditions. 

Ionotropic receptor A membrane-bound receptor that responds to ligand 
binding by opening an ion channel and allowing ions to 
flow into the cell, either increasing or decreasing the 
likelihood that an action potential will occur; TRPV 
receptors (or channels) are ionotropic receptors.   
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MAGL (Monoacylglycerol 
lipase)

Enzyme responsible for the hydrolysis of the 
endocannabinoid 2-AG to arachidonic acid and glycerol, 
thus terminating its biological function; the principal 2-AG 
hydrolase in the mammalian brain accounting for greater 
than 80% of the total 2-AG hydrolase activity.  

Metabotropic receptor A type of membrane receptor that responds to ligand 
binding with signal transduction mechanisms, often G 
proteins, to activate a series of intracellular events using 
second messenger chemicals; CB1, CB2, and other 
GPCRs are metabotropic receptors. 

NAPE-PLD (N-acyl 
phosphatidylethanolamine 
specific phospholipase D)

A key enzyme in the biosynthesis of anandamide; 
converts NAPE into anandamide and phosphatidic acid. 

NAT (N-acyltransferase) Catalyzes the transfer of arachidonic acid from 
phosphatidylcholine to the head group of 
phosphatidylethanolamines, forming NAPE. 

NAPE (N-arachidonoyl-
phosphatidylethanolamine)

Phospholipid precursor in anandamide biosynthesis. 

OEA (Oleoylethanolamide) Considered a minor endocannabinoid; an endogenous 
lipid mediator that works on various receptors of the 
endocannabinoidome, including GPR119, PPARs, and 
TRPV1. 

Orphan receptor Protein that has a similar structure to other 
identified receptors but whose endogenous ligand has 
not yet been identified. 
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PEA 
(Palmitoylethanolamide)

Considered a minor endocannabinoid; endogenous lipid 
mediator known to reduce pain and inflammation. PEA 
indirectly affects the CB1 receptor by blocking FAAH 
breakdown of anandamide. 

PPARs (Peroxisome 
proliferator-activated 
receptors)

Group of nuclear membrane receptor proteins that 
function as master transcription factors to regulate gene 
transcription, energy metabolism, glucose metabolism 
and  tumorigenesis; secondary receptors for 
cannabinoids. 

Phosphatidylcholine A major component of cell membranes; a phospholipid 
precursor in 2-AG biosynthesis. 

Phosphatidylethanolamine The second most abundant phospholipid in animal 
and plant lipids and is a key building block of cell 
membrane bilayers; a phospholipid precursor in 
anandamide biosynthesis. 

Phosphatidylinositol A constituent of cell membranes involved in essential 
metabolic processes both directly and via a number of its 
metabolites; a phospholipid precursor in 2-AG 
biosynthesis. 

Phospholipase C (PLC) A class of enzymes that cleave phospholipids; catalyzes 
the formation of diacylglycerol in the 2-AG biosynthesis 
pathway. 
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Synaptic plasticity Ability of synapses to strengthen or weaken over time, in 
response to increases or decreases in their activity. 

Transporters Membrane bound proteins that mediate the uptake of 
specific molecules into the intracellular compartment. 
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