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ABSTRACT
Emerging research and clinical data are demonstrating potential benefits of cannabidiol for multiple medical conditions. This ar-
ticle gives healthcare providers information on cannabidiol and the endocannabinoid system as a foundation on which to build
their medical knowledge as the risks and benefits of CBD in various diseases are further evaluated over time.
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A
s of April 2020, 629 clinical trials have been regis-
tered on clinicaltrials.gov investigating cannabidiol
(CBD). Because CBD has been marketed as a
supplement or alternative medicine rather than

through pharmaceutical research and development, it has
come into the medical arena with little oversight from the
Food and Drug Administration. This article provides an
overview of cannabinoids and the endocannabinoid system,
including their methods of use and metabolism, as a founda-
tion for understanding CBD use in patients.

CANNABINOIDS
Cannabinoids are the chemical messengers for the endo-

cannabinoid system.1,2 While many different cannabinoids
exist, they all fall under two categories: exogenous or
endogenous. Exogenous cannabinoids are either plant based
or synthetic, while endogenous cannabinoids are produced
naturally by the human body. While this article focuses on
cannabidiol (CBD), an exogenous cannabinoid, it is impor-
tant to understand the spectrum of known cannabinoids
(Table 1).

The genus family of Cannabis produces as many as 113
different phytocannabinoids. Hemp and marijuana are har-
vested from different strains of the Cannabis plant—
Cannabis sativa and Cannabis indica. Hemp, which is part
of the Cannabis sativa strain and grown for food and fiber,
contains <0.3% tetrahydrocannabinol (THC) but is rich in
CBD. Of note, hemp seed oil is devoid of CBD since the
phytocannabinoids are harvested from the flowers of the
plant. Cannabis indica, the marijuana plant, also produces

THC and CBD, the most prevalent and best understood
phytocannabinoids.

The two major endogenous cannabinoids (endocannabi-
noids) are anandamide and 2-arachidonoyl glycerol (2-AG).
They function as retrograde messengers derived from postsy-
naptic nerve fibers and thereby regulate neuronal transmis-
sion. They interact with presynaptic cannabinoid receptors
(Figure 1) to regulate basic functions including mood, mem-
ory, appetite, pain, itch, and sleep. Anandamide was discov-
ered in 1992. Its name comes from the Sanskrit word
ananda meaning bliss, referring to its unique effects on the
mind and body. In 1995, 2-AG was discovered and found at
higher concentrations in the brain, while anandamide is
found at higher concentrations in other areas of the body.
Both endocannabinoids can bind to CB1 and CB2 receptors,
but they differ in their affinities for these receptors.
Endocannabinoids are transient neurotransmitters, meaning
they are synthesized on demand; after being released, they
are quickly broken down by two enzymes: fatty acid amide
hydrolase (FAAH) and monoacylglycerol lipase.

THE ENDOCANNABINOID SYSTEM
The endocannabinoid system receptors, CB1 and CB2

(Figure 1),3–5 have unique distributions within the body and
different ligands, which explains the effects of the different
cannabinoids (Table 2). CB1 receptors are found throughout
the body, but are mostly present in the brain and spinal
cord. They are concentrated in brain regions associated with
the behaviors they influence. For example, there are CB1
receptors in the hypothalamus, which is involved with appe-
tite regulation, and the amygdala, which plays a role in
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memory and emotional processing. CB1 receptors are also
found in nerve endings, where they act to reduce sensations
of pain. CB2 receptors tend to be found in the peripheral
nervous system. They are especially concentrated in immune
cells. When CB2 receptors are activated, they work to reduce
inflammation. Inflammation is an immune response that
plays a role in many diseases and conditions.

With respect to the CBD found in cannabis, researchers
have found that THC binds to both CB1 and CB2 receptors,
activating them just like an endocannabinoid but with higher
affinity. CBD does not bind directly to cannabinoid recep-
tors. Instead, CBD works by inhibiting FAAH, which is
responsible for the breakdown of anandamide—the most
important endocannabinoid in the body. When FAAH is
inhibited, it cannot break down anandamide at its normal
rate. This leads to a buildup of anandamide in the synapse
and results in down-regulation of nerve transmission.
Additionally, CBD inhibits endocannabinoid reuptake,6

transient receptor potential vanilloid 1 activation, and G-

protein-coupled receptor 55 activation and increases the
activity of serotonin 5-HA1a receptors, which translates into
effects on a wide array of systems in the human body, includ-
ing the immune system, the nervous system (anxiety, autism,
multiple sclerosis, posttraumatic stress disorder, neuropathic
pain),7–13 the endocrine system, the cardiovascular system
(atherosclerosis),14 the digestive system (inflammatory bowel
disease and motility disorders),15,16 and skin (inflammatory
skin disorders, disorders of hair and pigment, and itch).17–19

CANNABIDIOL EXTRACTION AND METHOD OF USE
To create a safe CBD product, Cannabis plant extraction

techniques such as carbon dioxide extraction, ethanol extrac-
tion, or solvent extraction with olive oil are preferred.
Extraction techniques using hexane or butane may leave
harmful residues. The CBD extracts can be categorized as
broad spectrum, full spectrum, or isolate. If all extracts of the
Cannabis plant, including CBD, terpenes, flavonoids, essen-
tial oils, and other cannabinoids, are utilized, the extract is
called full-spectrum CBD and the THC concentration
should be <0.3%. Broad spectrum is similar to full spectrum
with the exception that it is nearly THC free. Finally, isolate,
which is typically harvested from Cannabis sativa, is pure
CBD. Historically, some clinical benefits have been seen
with broad- or full-spectrum CBD products due to the pre-
sumed synergistic actions of the various phytocannabinoids
as well as other plant constituents, which is called the
“entourage effect.”20

Table 3 lists consumer products in decreasing order of
bioavailability. Consumers tend to prefer CBD in the form
of topical creams and orals (gummies, candies, tinctures, and
capsules). There is little regulation or oversight of the prod-
ucts, so consumers should seek certificates of authenticity
and information on the source of CBD and other
ingredients.

Since 1985, three systemic cannabinoids have been
approved by the Food and Drug Administration.21 In 1985,
nabilone (Cesamet), a synthetic analog of THC, was
approved for adults with chemotherapy-induced nausea and
vomiting. In 1986, dronabinol (Marinol), a synthetic

Table 1. Cannabinoids

Type Name Effects

Exogenous
cannabinoids

Cannabis indica
(marijuana) plant

Tetrahydrocannabinol
(THC)

Antioxidant, anti-inflammatory,
euphoric high, analgesic

Cannabidiol (CBD) Anticonvulsant, antioxidant,
anxiolytic, analgesic,
anti-inflammatory;
treats psychotic disorders
and relieves spasms

Cannabigerol (CBG) Antibiotic, antifungal,
anti-inflammatory,
analgesic

Cannabinol (CBN) Sedative, antibiotic,
anticonvulsant,
anti-inflammatory

Cannabichromene (CBC) Antibiotic, antifungal,
anti-inflammatory,
analgesic

Tetrahydrocannabivarin
(THCV)

Euphoric high
and anxiolytic

Cannabis sativa
(hemp) plant

CBD Anticonvulsant, antioxidant,
anxiolytic, anti-inflammatory;
reduces anxiety, treats
psychotic disorders,
and relieves spasms

Endocannabinoids Anandamide

2-arachidonoyl
glycerol (2-AG)

Table 2. Endocannabinoid system receptors

Receptor Location Effect

CB1 (brain and
spinal cord)

Amygdala Memory and emotional
processing

Hypothalamus Appetite regulation

Nerve endings Pain

CB2 (peripheral
nervous system)

Immune cells Inflammation

Spleen

Liver
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formulation of THC, was approved for adults with human
immunodeficiency virus–associated anorexia as well as
chemotherapy-induced nausea and vomiting. Finally, in
2018, Epidiolex, a pure pharmaceutical-grade CBD, was
approved for two severe pediatric seizure disorders, Lennox-
Gastaut syndrome and Dravet syndrome.

METABOLISM AND CAUTIONS
Topical administration of CBD is unlikely to result in

systemic blood levels. After oral ingestion and hepatic metab-
olism, 65% of CBD is excreted unchanged in the feces and
20% is excreted in the urine, where more than 30 metabo-
lites of CBD have been identified.22 Oral administration of
CBD can either increase or decrease the breakdown of other
drugs via interactions with cytochrome P450 enzymes.23

Caution is advised for use of CBD in patients taking medica-
tions that are metabolized by the cytochrome P450 pathway
and have a narrow therapeutic window.23 Marijuana may
affect male and female fertility.24,25 Women should be
advised to refrain from using marijuana during pregnancy

and lactation.26 More data are needed for the use of CBD in
patients with active cancers.27

SUMMARY
CBD, an exogenous phytocannabinoid, can act as a

neurotransmitter and is known to have anti-inflammatory
and antioxidant properties. Phytocannabinoids have now
been identified in many plants outside of the Cannabis spe-
cies, including clove, black pepper, Echinacea, broccoli, gin-
seng, and carrots. We are just beginning to understand the
impact of phytocannabinoids and their clinical applications.
It is important for healthcare providers to be aware of CBD
use in their patient population.
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Figure 1. Endocannabinoid system.
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