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Few chemical compounds have 
enjoyed such a rapid ascent 
to market acceptance 

and consumer popularity as 
CBD. According to BDS 
Analytics, the US hemp-
derived CBD market 
is projected to grow to 
$20 billion by 2024.1 CBD was 
the top-selling herbal dietary 
supplement in US natural 
retail stores in 2019, accord-
ing to the American Botani-
cal Council’s Herb Market 
Report. Sales in this retail 
channel grew 71.3% from 
2018 to 2019, with total 
annual sales of $90.7 
million in 2019.2 To hear the ever-increasing 
number of people who use the product extol its 
virtues, one might think it a cure-all. While that is 
not true, CBD is a versatile therapeutic compound that 
is well tolerated by many people, with few reports of seri-
ous adverse effects. Among its many potential benefits, 
CBD is a potent analgesic, antibiotic, anticonvulsant, anti-
inflammatory, antipsychotic, and neuroprotective agent.3 
It also has shown promising results in inhibiting tumor 
promotion in laboratory and animal studies.4 CBD deserves 
serious consideration not only as a medicine but also as an 
important component of health and wellness regimens. 

CBD is known to be found only in the plant Cannabis 
sativa (Cannabaceae).5* The first known mention of canna-
bis in recorded text appeared around 2350 BCE in the Pyra-
mid Texts from the Egyptian Old Kingdom in the ancient 
city of Memphis.6 In the thousands of years that humans 
have used cannabis as medicine, an intoxicant, and for spiri-
tual purposes, no known deaths have been attributed to its 
use based on direct toxicological effects.

CBD is one of more than 150 chemicals known as canna-
binoids found to date in C. sativa. Although less is known 
about cannabinoid acids, the non-psychotropic chemical 
precursors of cannabinoids, they are also considered thera-
peutic and have shown promise as non-intoxicating medi-
cines. In a 2013 study, cannabidiolic acid (CBDA) was found 
to be 1,000 times more potent than CBD in a rat model for 
the treatment of nausea and vomiting.7,8 Cannabinoid acids 
are decarboxylated (a process in which the carboxyl group 
in the cannabinoid acid molecule is removed) through heat, 
light exposure, or time, which converts the acid to a neutral 
cannabinoid. Tetrahydrocannabinolic acid (THCA) — a 
precursor of tetrahydrocannabinol (THC), the primary 
psychoactive and intoxicating compound in cannabis — and 
CBDA concentrations are 20-50 times higher than neutral 
cannabinoids in fresh dried plant material.3 

Isolated by American chemist Roger 
Adams, PhD, in 1940, with the 

complete structure elucidated 
by Israeli chemist Raphael 

Mechoulam, PhD, in 1963, 
CBD is the second-most 
researched cannabi-

noid and the most abun-
dant cannabinoid in hemp variet-
ies of the cannabis plant. Unlike 
its counterpart THC, CBD does 
not make one feel psychologi-
cally altered or “high,” yet it 
crosses the blood-brain barrier 
when inhaled, producing 
anti-anxiety and antipsy-
chotic effects, technically 
making it psychoactive.4 

A high density of cannabinoid receptors exists in the 
human brain, but, unlike mu-opioid receptors, they 

are sparsely distributed in the parts of the brain stem 
that control heartbeat and breathing. 
In June 2018, the US Food and Drug Administration 

(FDA) approved the first and only cannabis-derived CBD 
drug, Epidiolex® (GW Pharmaceuticals; Cambridge, UK), 
which was designated a Schedule V orphan drug (orphan 
drugs are designated for conditions affecting fewer than 
250,000 people in the US). Epidiolex is approved for the 
treatment of seizures associated with Lennox-Gastaut and 
Dravet syndromes, both rare childhood forms of epilepsy, 
and tuberous sclerosis. In the same year, the US Farm Bill 
legalized hemp production and the production of hemp-
derived CBD products in states that vote to allow them.9 

Hemp is arbitrarily, but legally, defined by US law as 
cannabis with less than 0.3% THC (0.2% in Europe).9,10 
As long as finished consumer products that contain CBD 
do not have more THC than these specified limits, they are 
considered legal in many jurisdictions of the world. This 
legal distinction has led to a largely unregulated market 
that is akin to the Wild West or a market free-for-all 
without production, labeling, and testing standards. The 
FDA continues to assess how to regulate CBD in food and 
dietary supplements. 

The public’s fascination with and sharply increased 
demand for CBD have sparked a global race to identify 
and breed varieties of cannabis without or low in THC 
and rich in other active cannabinoids and terpenes.† Due 
to the longstanding federally illegal status of cannabis in 
the United States and much of the world, CBD was largely 
bred out of cannabis because the market was driven by 
recreational users in search of THC-rich cannabis. Now 
that it is apparent that CBD has great medical utility, 
significant resources have been poured into pharmacody-
namic and pharmacokinetic research, product develop-

* Most authorities currently conceive of cannabis as belonging to one species. Current vernacular use of the term indica is inconsistent 
with the original description of Cannabis indica by Lamarck in the 18th century.

† Terpenes are phytochemicals that are made by the plant using a molecule called isoprene as the building block; CBD and cannabinoid 
acids are partly made using isoprene units and are considered either terpenoids or polyketides. Other cannabinoid terpenes, such as 
mono- and sesquiterpenes, give the cannabis plant its characteristic odor.
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ment, and production of CBD-rich cannabis (generally 
defined by industry as dried cannabis with at least 4% 
CBD). Such varieties are becoming easier to find given 
increasing demand. However, access to CBD-rich material 
that meets Good Agricultural Practice (GAP) and Good 
Manufacturing Practice (GMP) quality standards remains 
difficult.

It is important to mention that C. sativa is a bio-reme-
diator. Whatever is in the soil — good or bad (e.g., agri-
cultural chemicals, heavy metals, minerals, etc.) — will 
also be absorbed into various parts of the C. sativa plant, 
including the flowers where the cannabinoid acids and 
terpenes are produced.11 Thus, the authors believe it advis-
able to use CBD sourced from companies using organic 
production practices that meet GAP and GMP standards.

CBD products are available in varying forms of purity. 
CBD isolate, commonly referred to as “pure CBD,” should 
be free from all other phytocompounds and comes in 
powder form. “Broad spectrum” or “full spectrum” CBD 
oil includes other therapeutically active chemicals from 
the cannabis plant, such as cannabinoids, terpenes, and/
or flavonoids. 

Mechanisms of Action
In the 1990s, it was discovered that the human body 

produces endocannabinoids: endogenous compounds that 
mimic the pharmacology of phytocannabinoids, a class of 
chemicals derived from the cannabis plant and rarely found 
in other species. Endocannabinoids, along with cannabi-
noid receptors and a series of enzymes, make up the endo-
cannabinoid system (ECS). This system regulates, modu-
lates, and/or plays a major role in almost every biological 
function of the human body, including immunity, cogni-
tion, inflammation, nausea/vomiting, temperature regula-
tion, and neuroprotection.12 

Simply, the ECS is a homeostatic regulatory system that 
plays a role in helping humans to eat, sleep, protect, forget, 
and relax.13 The discovery of the ECS is one of the most 
important medical discoveries of our time. Understanding 

how it works and integrates with different body systems is 
paramount to understanding the origin of a large number 
of diseases and proactively managing the aging process. 

Although CBD’s mechanisms of action have not yet been 
fully elucidated, more than 65 different targets were iden-
tified by 2015.14 CBD works within and apart from the 
ECS through numerous enzymes, ion channels, receptors, 
and transporters.13 CBD is a negative allosteric modulator 
(NAM) of the cannabinoid receptor type 1 (CB1; in other 
words, when CBD binds to a non-primary CB1 receptor 
site, it reduces the ability of THC to bind to the primary 
site), which partly explains why CBD has attenuating activ-
ity on THC-associated adverse events such as anxiety and 
tachycardia (fast heart rate), and may also contribute to its 
antipsychotic, antiseizure, and antidepressant effects.14,15 
Evidence of this is seen in the clinical trials conducted 
for the whole-plant cannabis pharmaceutical preparation 
Sativex® (GW Pharmaceuticals), approved in 30 countries, 
not including the United States, for spasticity and cancer 
pain. The current recommended upper limit Sativex dose 
contains 32.4 mg of THC and 30 mg of CBD.

Low-dose stimulation of CB1 receptors has been shown 
to reduce anxiety and impart a calming effect by manag-
ing neurotransmitter release such that excessive neuronal 
activity is prevented. CB1 receptors also play a major role 
in reducing pain and inflammation and regulate cogni-
tive function, sensory perception, movement, and posture 
control.16 CBD indirectly activates this receptor by delay-
ing the enzymatic breakdown of the CB1 agonists anan-
damide and 2-arachidonoylglycerol (2-AG),17 thus allowing 
these endocannabinoids to stay in the body long enough 
to be therapeutic.16 This is how CBD increases endocan-
nabinoid tone. (Endocannabinoid tone is a function of the 
numbers of receptors, whether they are active or inactive, 
the concentration of endocannabinoids, and the activity of 
their metabolic and catabolic enzymes.) CB1 receptors also 
are found in bone, reproductive, cardiovascular, adipose, 
and liver tissues.18 

CBD, a potent anti-inflammatory agent, augments and 
stimulates the activity of the cannabinoid receptor type 2 
(CB2),19 where it helps reduce pain and inflammation by 
mediating cytokine release from immune cells.20 Largely 
found in immune tissue but also throughout the periph-
eral nervous system, CB2 receptors regulate a wide range of 
physiological processes, including pain perception, inflam-
mation, immune function, bone growth, neuroprotection, 
and stress response.18 

In addition to interacting with CB1 and CB2, CBD also 
binds to a variety of other receptors and activates ion chan-
nels and transcription factors (Table 1).

Low-dose stimulation of CB1 receptors has been 
shown to reduce anxiety and impart a calming 
effect by managing neurotransmitter release such 
that excessive neuronal activity is prevented.

Ball-and-stick model of cannabidiol. 
X-ray diffraction data from P.G. Jones,  
L. Falvello, O. Kennard, G.M. Sheldrick,  

and R. Mechoulam (1977). 
Image courtesy of Ben Mills



Table 1. Examples of Receptors, Ion Channels, and Transcription Factors Regulated by CBD21-23

G-protein-coupled receptor 55 
(GPR55)

GPR55, which is upregulated in pain, inflammation, and cancer, is prevalent in the 
central nervous system and many regions of the brain and thought to possibly regulate 
insulin secretion, blood pressure, and bone formation. CBD is a GPR55 antagonist. 

Acetylcholine receptors (AChRs) Involved in neurotransmission, regulating cell proliferation and differentiation, apopto-
sis, cell interaction, reward circuits, stress-related behavior, neuronal development, and 
appetite.

5-hydroxytryptamine (5-HT1A, or 
serotonin) receptor

Modulates the release of gamma aminobutyric acid (GABA), acetylcholine, dopamine, 
and glutamate, as well as hormones and other endogenous chemicals. CBD’s agonistic 
activity on this receptor may help those with cluster and migraine headaches as well as 
attenuate nausea/vomiting, motor/cognitive impairment, cerebral infarction/hypoxic 
brain damage, depression, and anxiety.

Gamma aminobutyric acid recep-
tors (GABARs)

CBD is a positive allosteric modulator of this receptor (i.e., CBD potentiates the GABA-A 
receptor), accentuating its role in treating pain, anxiety, stress, cognitive disorders, 
schizophrenia, tuberous sclerosis, insomnia, and epilepsy.

Adenosine receptors Mediate pathophysiological effects on the immune, central nervous, cardiovascular, and 
peripheral nervous systems.

Glycine receptors (GlyRs) Mediate “rapid synaptic inhibitory neurotransmission in the brain stem and spinal cord,” 
and involved in managing pain, inflammation, and neuroprotection.

Transient receptor potential 
cation channels (TRPs, especially 
TRPV1)

Associated with pain, inflammation, cancer apoptosis, proliferation, migration, differen-
tiation, and angiogenesis.

Nuclear transcription factor 
kappa B (NF-κB) and nuclear 
factor erythroid-derived 2-like 2 
(NRF2)

Play an important role in tissue protection and repair. Activation regulates the manage-
ment of oxidative stress, inflammation gene expression, pain, and several types of 
cancer-related genes (brain, breast, skin, lung, colon, and ovary). Suppression supports 
chronic disease prevention and management.

Synergistic Effects
Almost 600 phytocompounds have been identified 

in cannabis, many of which synergize with CBD.21 
The cannabinoids, terpenes, flavonoids, and other 
phytochemicals present in cannabis activate different 
therapeutic pathways in the body, complicating research 
and drug development in this area. 

The way chemicals from the cannabis plant syner-
gistically work together to potentiate and antagonize 
different actions/reactions in the body is called the 
“entourage effect,” a term coined by Israeli research-
ers Shimon Ben-Shabat, PhD, and Mechoulam.24 For 
example, CBDA increases the bioavailability of CBD by 
a factor of two.21 CBD is, among other things, anxio-
lytic,25 as are a variety of terpenes in cannabis, such as 
linalool, eucalyptol, trans-nerolidol (which also increases 
bioavailability of cannabinoids), and guaiol.21,26 Limo-
nene, a terpene in cannabis and the primary compo-
nent of lemon oil, is also anxiolytic, most likely through 
multiple mechanisms of action, including modulation 
of 5-HT1A receptors27; it is also pro-apoptotic in breast 
cancer cells28 and is highly synergistic with CBD.29 A 
cannabis therapeutic product including CBD, CBDA, 
and limonene would likely be effective against anxiety, 
working through multiple chemical pathways simulta-
neously to bring the body back into balance. Whereas 
CBD may be an effective compound for managing 
anxiety, having the optimal combinations of cannabi-
noids, terpenes, and other phytochemicals can contrib-
ute greatly to the increased efficacy of a preparation.

Cannabis Cannabis sativa
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Mono- and sesquiterpenes give many plants their smell 
and contribute greatly to the effects felt when consum-
ing cannabis and cannabis products. Approximately 200 
terpenes have been found in the cannabis plant, represent-
ing 3-10% of the liquid (by weight) in the trichome, the 
gland protruding from the plant where the main therapeu-
tic compounds like cannabinoids/mono- and sesquiterpenes 
are produced and retained.21 Approximately 50 terpenes 
regularly occur in North American-grown cannabis, 17 of 
which are most common.6 Most of the terpenes found in 
the cannabis plant are listed on the US “GRAS List” (refer-
ring to ingredients that are “generally recognized as safe” for 
use in food; see https://femaflavor.org).21,30 

Terpenes are thought to contribute greatly to the entou-
rage effect of cannabis, providing synergy and increased 
efficacy for the treatment of addiction, anxiety, bacterial 
and fungal infections, depression, epilepsy, inflammation, 
and pain.29 Terpenes are therapeutic in their own right and 
supported by in vitro and in vivo research showing strong 
antidepressant, antidiabetic, anticonvulsant, antibiotic, 
anti-allergenic, cytotoxic, antitumor, and anti-inflamma-
tory effects.21 Like cannabinoids, terpenes activate different 
pathways in the body simultaneously to synergize with vari-
ous cannabinoids and flavonoids, creating a complicated yet 
elegant chemical ballet. The review articles by Russo (2011) 
and Russo and Marcu (2017) are the most comprehensive 
articles on this subject to date.29,31

Of the 6,000 known flavonoids, 26 have been described 
in cannabis, including apigenin-7-O-β-D-glucuronide, 
cannflavin A, and luteolin-7-O-β-D-glucuronide.21,32 
Little is known about how flavonoids contribute to the 
entourage effect; however, protective effects against inflam-
mation have been shown in laboratory experiments.33 Many 
of the flavonoids found in cannabis contribute to the chemi-
cal ballet, further extending potential therapeutic effects of 
CBD in the body.

Much of the existing research has been carried out with 
single-molecule CBD, not with whole-plant materials with 
a full spectrum of cannabinoids, terpenes, and flavonoids 
present in the essential oil of CBD-rich cannabis. In many 
cases, when whole-plant preparations have been used, 
individual phytochemicals were not quantified or investi-
gated to assess how they may have contributed to research 
outcomes. It is believed that whole-plant cannabis formula-
tions are superior therapeutic agents compared to isolated 
molecules.29 For example, in general, THC and CBD in 
combination are more therapeutic than either would be 
on their own.34 Furthermore, a naturalistic study with 
134 humans using smoked cannabis showed that canna-
bis varieties with more than 4% CBD attenuated short-
term memory loss caused by THC.35 The impact of one 
particular chemical on another may be subtle but power-
ful, contributing greatly to the therapeutic benefit of the 
formulation.36

Therapeutic Benefits
CBD has significant therapeutic potential, especially for 

symptoms such as inflammation, sleep, anxiety, and pain 
that are commonly addressed with dietary supplements, 
nutraceuticals, and over-the-counter products.

Clinical Trials 
An appropriate place to begin is to review what has been 

learned from clinical trials on the single-molecule CBD 
product Epidiolex, an antiseizure medication. Even though 
Epidolex trials have not yet assessed the drug’s effects on 
inflammation, sleep, anxiety, and pain (see next section) — 
the most common reasons people try CBD — they provide 
a baseline for safety, tolerability, and drug interactions and 
show that CBD is a powerful antiseizure agent. 

According to GW Pharmaceuticals’ website, a Phase III 
clinical trial on Epidiolex for the treatment of Lennox-
Gastaut syndrome with 225 patients aged 2-55 years old 
showed similar results to previously conducted Phase III 
clinical trials. Patients took 20 mg/kg/day, 10 mg/kg/day, 
or placebo along with their current medications. The 20-mg 
group showed a median monthly reduction in seizures of 
42%, compared to a 37% reduction in the 10-mg group and 
a 17% reduction in the placebo group. One patient dropped 
out in both the 10-mg group and the placebo group, and six 
patients dropped out of the 20-mg group. Although adverse 
events were recorded in the study, most were deemed to be 
mild to moderate, with 99% of trial participants choosing 
to continue to participate in an open-label extension of the 
trial.37

In a double-blind, placebo-controlled trial with 120 
children and young adults with Dravet syndrome with 
drug-resistant seizures, seizure frequency decreased from 
a median of 12.4 to 5.9 seizures per month in the 20 mg/
kg/day dose Epidiolex group compared to a decrease from 
a median of 14.9 to 14.1 seizures per month in the placebo 
group during the 14-week treatment period. Seizure activ-
ity was reduced in all types of seizures; 5% of the Epido-
lex group and 0% of the placebo group were seizure-free 
during the study. All patients in the study remained on their 
normal anti-epileptic drugs (AEDs).38

Pain and Inflammation
Cannabinoids have long been known as potent anti-

inflammatory agents. According to a review by Nichols and 
Kaplan, CDB has been shown to produce these effects in 
rodent models:

• reduce immune response; 
• prevent and reduce colitis; 
• reduce β-amyloid-induced neuroinflammation; 
• reduce interleukin 1 beta (IL-1β); 
• decrease prostaglandin E2 (PGE2) plasma levels; 
• enhance interferon gamma (IFN-γ) and IL-2 

production; 
• reduce tumor necrosis factor-alpha (TNF-α) level 

in frontal cortex; 
• decrease hepatic reperfusion injury; 
• reduce lipopolysaccharide (LPS)-induced pulmonary 

inflammation;
• reduce effects of autoimmune encephalomyelitis; and 
• reduce inflammation in acute lung injury.22 
In humans, CBD has been shown to inhibit neutrophil 

chemotaxis (migration of neutrophils to sites of infec-
tion)39 and reduce seizure severity, frequency, and recov-
ery time.40 



CBD has significant therapeutic potential, especially for 
symptoms such as inflammation, sleep, anxiety, and pain 
that are commonly addressed with dietary supplements, 
nutraceuticals, and over-the-counter products.
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A 2010 multicenter, double-blind, randomized, placebo-
controlled, parallel-group study with 177 subjects compared 
a 1:1 THC:CBD extract and a THC-only extract to placebo 
for efficacy, safety, and tolerability in patients with intrac-
table cancer-related pain. The study results showed that 
the 1:1 THC:CBD extract improved pain scores by 30% 
from baseline in more than half of that group, whereas the 
THC-only group had no significant improvements over the 
placebo group. The preparations were administered in self-
titrated oral mucosal sprays with 2.7 mg of THC and 2.5 
mg of CBD per spray. Patients averaged 8.75 sprays per day 
in the THC:CBD group, 8.34 sprays per day in the THC-
only group, and 9.61 sprays per day in the placebo group. 
While all three groups of study participants had similar 
baseline pain scores, only patients in the THC:CBD group 
showed a statistically relevant improvement in reduction 
of pain scores of 30% or more (23 subjects [43%] in the 
THC:CBD group, 12 subjects [23%] in the THC-only 
group, and 12 subjects [21%] in the placebo group).41 

Pain and inflammation are inextricably linked. CBD has 
been shown in many mouse models to reduce inflamma-
tion and pain by indirectly suppressing the inflammatory 
response at the adenosine A2 receptor, binding to a vari-
ety of receptors, possibly including antagonism of GPR55 
and modulating endocannabinoid tone at the TRPV1 and 
other TRP receptors. Furthermore, it appears that CBD 
may effectively potentiate the analgesic effects of opioids 
without aggravating constipation or depressing respiratory 
drive, thus modulating the risks of opioid addiction and 
side effects.15

CBD is a more potent neuroprotective antioxidant than 
tocopherols or ascorbate as demonstrated in rat neuronal 
cultures with respect to glutamate-induced neurotoxicity.42 
In fact, the US government holds a patent (US patent 
663050743) on cannabinoids for their antioxidant and 
neuroprotective effects.29 Interestingly, in a rodent model 
of Alzheimer’s disease, CBD and anandamide promoted 
neurogenesis after β-amyloid exposure.40 CBD also has been 
shown to prevent reactive oxygen species (ROS)-associated 
cell death and mediate glutamate-induced neurotoxicity.44 
If confirmed in human clinical studies, the neuroprotec-
tive benefits of CBD stand to potentially improve quality of 
life for patients with a wide variety of neurological condi-
tions including Alzheimer’s disease, Parkinson’s disease, 
Huntington’s disease, Tourette syndrome, traumatic brain 
injury, stroke, and more.

Sleep 
Babson et al reviewed sleep research on cannabinoids in 

2017 and found mixed and dose-dependent effects of CBD, 
with low doses being stimulating and high doses being sedat-
ing. In the case of Parkinson’s disease, Babson et al reported 
that CBD may reduce REM sleep behavior disorder.45 A 
balanced preparation of THC and CBD improves sleep for 
those with pain associated with many conditions, including 
rheumatoid arthritis, peripheral neuropathic pain, multiple 
sclerosis (MS), and intractable cancer pain. This has been 
demonstrated in Sativex (2.7 mg THC and 2.5 mg CBD per 
oromucosal spray) clinical trials for the treatment of muscle 
spasms and spasticity in patients with MS. More than 1,000 
people are engaged in these long-term studies.46 Pure CBD 
is slightly stimulating in low to moderate doses, which the 
authors consider to be less than 200 mg. However, as seen 
in the Sativex trials, it appears that CBD and THC work 
synergistically to reduce sleep disturbances and improve 
sleep quality in doses ranging from as low as 2.5 mg each of 
THC and CBD and up to 15 mg each of THC and CBD 
before bed.

CBD is thought to play a role in sleep quality because of its 
anxiolytic effects.47 In a retrospective case series at a psychi-
atric clinic involving 72 adults suffering from a lack of sleep 
(n = 25) or anxiety (n = 47), 79.2% of patients (57) reported 
decreased anxiety and 66.7% of patients (48) had improved 
sleep scores during the first month, but the effects fluctu-
ated throughout the study. Most patients received 25 mg 
CBD per day in a capsule, although a small number received 
higher dosages (50 mg or 75 mg per day). In all but three 
patients, CBD was well tolerated.47 

Anxiety
Anxiety, according to the Anxiety and Depression Asso-

ciation of America, is the most common mental illness and 
affects 40 million adults in the United States annually. Skel-
ley et al conducted a review of 233 journal articles about 
CBD and its impact on anxiety. Only six small randomized 
clinical trials (RCTs) and two case studies met their criteria 
for inclusion in their review, which found CBD does improve 
the clinical outcomes for chronic and acute anxiety.48 Studies 
by Zuardi et al (2017)49 and Linares et al (2019)50 included 
multiple dose ranges for acute anxiety, with the best clinical 
outcomes at their mid-range dose of 300 mg. On the topic of 
social anxiety disorder, Bergamaschi et al (2011)51 conducted 
one of the earliest small trials. In addition to reduced acute 
anxiety and fewer interruptions in cognition, they found that 

One of the biggest misconceptions regarding CBD is 
that it is sedating. On the contrary, low-to-moderate 
doses are highly alerting, and stimulating effects have 
been seen in studies in which patients received a single 
dose of a CBD isolate (CBD only) as high as 600 mg.
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“negative self-evaluation was almost abolished” in the CBD 
group versus the placebo group. More investigation is needed 
to better understand optimal starting doses for treating acute 
versus chronic anxiety.

 In a yet-to-be-published CBD clinical trial in humans 
with chronic anxiety, 10 mg of a full-spectrum CBD 
oil (made from whole-plant cannabis containing addi-
tional unknown potentially synergistic phytochemicals such 
as minute amounts of other cannabinoids, terpenes, and 
flavonoids) given three times per day over four weeks resulted 
in less severe anxiety, fewer symptoms related to anxiety, and 
improved sleep and quality of life compared to baseline.52 
CBD was well tolerated. Improved performance was noted 
in measures of executive and cognitive function such as 
memory, attention, and decision making. Given that recre-
ational cannabis use has acutely been associated with decre-
ments in executive functioning, this is significant. Small 
decrements were observed in verbal learning while verbal 
memory remained intact. 

Drug Interactions
Low to moderate doses of CBD rarely cause drug inter-

action problems. However, relevant interactions have been 
documented at higher doses. Clobazam, an antiseizure drug, 
is metabolized by cytochrome P450, as is CBD and a wide 
variety of other drugs. When these kinds of drugs are used 
together with high doses of CBD, patients can experience 
unwanted side effects, the most common of which include 

drowsiness, irritability, and ataxia (impaired balance or coor-
dination).53 Drug-drug interactions have also been observed 
with valproic acid with either higher or lower serum levels 
encountered.

Misconceptions
One of the biggest misconceptions regarding CBD is that 

it is sedating. On the contrary, low-to-moderate doses are 
highly alerting, and stimulating effects have been seen in 
studies in which patients received a single dose of a CBD 
isolate (CBD only) as high as 600 mg.3 Low-to-moderate 
dose CBD-related sedation can generally be attributed to the 
presence of the terpene myrcene in the preparation.29

Another common misconception is that CBD turns into 
THC when exposed to gastric acids via oral consumption. 
A study published in 2016 gave credence to this myth by 
reporting that CBD is converted to THC with prolonged 
exposure to simulated gastric fluids without enzymes.54 
However, there is no evidence that this occurs in humans.3 
To this point, multiple CBD studies, including studies 
in which large doses were given, failed to reveal a conver-
sion to THC or the primary hepatic metabolite of THC, 
11-hydroxy-THC.55 Brazilian researchers recently studied 
the blood of 60 men and 60 women after oral intake of 300 
mg CBD and confirmed prior results of no bioconversion 
from CBD to THC.56 

It often is assumed that CBD does not cause adverse 
events. This is not true. However, side effects of CBD gener-

Cannabis Cannabis sativa
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ally are considered mild and cease by adjusting the dose or 
stopping consumption. The most commonly reported side 
effects of Epidiolex include somnolence (drowsiness), sleep 
disruption, diarrhea, fatigue, lethargy, and decreased appe-
tite, but all of these adverse events are usually associated with 
high doses and frequently in association with polypharmacy.

Conclusion
While we are a long way from understanding all of the 

intricacies of cannabis therapeutics, we do know that at low-
to-moderate doses, CBD is a safe, efficacious product with 
minimal adverse side effects, low toxicity, and fairly low risk 
for dangerous drug interactions. The promise of properly 
constituted CBD preparations for improving public health 
is great for treatment and prevention of a wide variety of 
diseases, conditions, and ailments. While over-the-counter 
market acceptance of CBD has occurred at rapid rates, clini-
cal research has not advanced as quickly. Luckily, attitudes 
and laws are changing worldwide in a way that may positively 
impact research in this area. 
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