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Foreword

Dr. Kylie O'Brien, PhD, the Chief Scientific Officer at Releaf Group Ltd and Adjunct 
Professor at Torrens University, and Dr. Philip Blair, a family physician and retired 
United States Army colonel who has utilized medical cannabis in his practice for a 
number of years, have written a comprehensive textbook on the relationship between 
cannabinoids, including cannabis, and mental health. This important book will be a 
resource for clinicians and patients around the world.

Cannabis remains a polarizing topic around the world. Some say that cannabis is 
harmless and that it can treat almost any medical condition while others refer to it 
as the “Devil’s Drug” with no place in medical practice. Neither extreme view is 
true. Unfortunately, though, patients and their doctors are caught in the middle of 
this battle, and it has become hard to learn the truth about cannabis and cannabi-
noids and to access doctors comfortable with utilizing cannabinoids in their prac-
tices. It is my sincere hope that this book will help address this problematic situation.

The authors, one a well-known educator and the other a noted clinician, work to 
dispel many misunderstandings about cannabis, primarily known as a recreational 
drug. The level of detail shows the authors’ obvious passion for this topic. More 
recently, though, evidence has been building to support the use of cannabis and can-
nabinoids as pharmacotherapies for a host of medical indications.

The book opens with an introduction, followed by a chapter describing the endo-
cannabinoid system as a foundation for understanding the hypothetical rationale for 
cannabinoids as medications. Chapter 3 discusses the relationship between the 
endocannabinoid system and stress. Chapter 2 plays a vital role by explaining what 
medical cannabis is and what it is comprised of. Unfortunately, many people have 
different understandings of what medical cannabis refers to. The authors explain the 
roles of delta-9- tetrahydrocannabinol (THC) and cannabidiol (CBD), but they also 
introduce terpenes and other phytocannabinoids. From there, the book covers spe-
cific medical conditions—anxiety, depression, post-traumatic stress disorder 
(PTSD), insomnia, Alzheimer’s Disease, and autism spectrum disorder.

For each medical condition, the authors present key information about each con-
dition before reviewing the state of the evidence—both preclinical and clinical—for 
cannabinoids as possible treatments for these conditions. The depth in each chapter 
is considerable as the authors dissect the role of the endocannabinoid system in each 
condition, why cannabinoids may alleviate symptoms in each condition, and the 
current state of the evidence for cannabinoids for each. They place a particular focus 
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on THC and CBD as those are the most commonly utilized cannabinoids in most 
medical practices. Case studies are used to illustrate clinical considerations that are 
likely to arise. The authors acknowledge that the level of evidence for various can-
nabinoids for different medical conditions varies widely, but they want to ensure 
that patients and clinicians have all of the evidence at their disposal so that they can 
make informed decisions about their health.

The authors should be commended for making an important contribution to the 
science of cannabinoids by creating an exhaustive resource. Patients and clinicians 
alike will find this book to be an important resource, especially with misinformation 
on cannabis being so plentiful these days. We clearly need additional rigorous 
research on the potential medical benefits of cannabinoids. For several reasons, the 
rate and scale of the research has not kept pace with the surging public interest. Drs. 
O’Brien and Blair, however, recognized the need for guidance today for patients and 
clinicians discussing the possibility of cannabinoid pharmacotherapy for mental 
health conditions, and they have made an impressive contribution.

Associate Professor of Psychiatry Kevin P. Hill
Harvard Medical School 
Boston, MA, USA

Foreword



vii

Disclaimer

This book was written for the purposes of healthcare practitioner education. It is not 
intended as medical advice for any individual. Individuals interested in the potential 
use of medicinal cannabis for their own health concerns are advised to consult an 
appropriate healthcare practitioner knowledgeable in its use.
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Introduction

 Why This Book?

More than 10% of the world’s population suffer from some kind of mental illness 
and in the United States of America (USA), almost one in five have a mental illness 
with women and young adults/adolescents being the most affected [1, 2]. What 
extraordinary figures. Mental health issues such as anxiety, depression, and post- 
traumatic stress disorder (PTSD) consistently come up as some of the main reasons 
people use cannabis medicinally. Yet, little is really understood by the medical fra-
ternity about how cannabis may be able to alleviate such problems. There is still 
much unnecessary stigma attached to the smoking of “marijuana,” and unfortu-
nately this seems to have spilled over and tarred its medical use somewhat. This is a 
key reason for writing this book—to demonstrate that while much more needs to be 
discovered, there is also much scientific evidence already in relation to many medi-
cal conditions, including mental health conditions.

Cannabis is not new, but it is to most medical practitioners practicing right now. 
It has a history of use of thousands of years in many cultures including China, India, 
and Egypt, to name just a few. Cannabis was used by some of the greats of medicine 
in the western world in the 1800s including Sir William Osler (USA) and Sir John 
Russell Reynolds (UK). It was in common medical use in the USA, prescribed by 
medical practitioners until it was prohibited in 1937 with the passing of the 
Marijuana Tax Act 1937 over the objections of the American Medical Association. 
What then has ensued has been an effective smear campaign, overregulation, and 
politicization, which has effectively denied access to this ancient and medicinal 
herb to over 100 countries as a result of the United Nations Single Convention on 
Narcotic Drugs of 1961.

Prescribing medicinal cannabis is somewhat different to prescribing a pharma-
ceutical, simply because it is an herbal medicine and it does need to be individual-
ized to the patient. The patient needs to take an active role in the titration of dosage. 
The practice of individualizing herbs is what herbal medicine practitioners do every 
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day, but it is not what a western medical doctor normally does. To make things more 
complex, everyone’s endocannabinoid system is different, and therefore different 
people will respond differently.

The concern voiced by many of our medical colleagues is typically around “the 
 evidence” that medicinal cannabis works. As laws and regulations associated with can-
nabis change and barriers to access and stigma break down, more patients are becoming 
curious about medicinal cannabis and are wanting to know if it might help them. Some 
have already taken the decision into their own hands of course, since their personal phy-
sician will not discuss cannabinoids intelligently. Few medical practitioners have been 
educated about the endocannabinoid system or the depth of established evidence for 
medicinal cannabis in practice. And, since it’s not a pharmaceutical drug, they simply do 
not know how medicinal cannabis might work or how to manage patients with herbal 
extracts. For this reason we decided to write this book for healthcare practitioners.

There is much research into medicinal cannabis already: as of January 2021, 
PubMed lists over 32,000 reports on cannabinoids and over 13,000 US National 
Institutes of Health (NIH) grants. The spectrum of studies is expansive due to the 
lack of approved model drugs, nonconformity of herbal extracts, and the extraordi-
nary pleotropic mechanisms of cannabinoid action. Preclinical research serves to 
help us understand how the endocannabinoid system works, how the endocannabi-
noid system becomes dysfunctional in particular diseases or conditions, what are 
the mechanisms of action in different conditions, and how effective is cannabinoid 
therapy in mitigating such illness (typically through the use of animal models of 
disease, cell cultures, or ex vivo tissue). It is easier to conduct preclinical research, 
relatively speaking, and knowledge gained there is typically used to provide a ratio-
nale for then conducting research in humans. This is the pharmaceutical approach to 
research.

Human evidence comes in many forms including epidemiological studies, case 
studies, randomized controlled trials, and systematic reviews. There is compara-
tively less research in humans simply because it has been so difficult for researchers 
to be able to conduct research into medicinal cannabis for a variety of reasons. The 
exception here might be Israel which seems to have adopted a more open approach 
to research into cannabis. The foremost reason for this difficulty is tied to the man-
ner in which cannabis has been regulated and restricted. Other reasons relate to 
funding. Government research funding is often difficult to procure. There is also 
less interest in medicinal cannabis from wealthy pharmaceutical companies as it is 
difficult to patent plants. The pharmaceutical model requires something to patent.

 The Structure of the Book

This book has been written to pull together some of the scientific evidence for the 
use of medicinal cannabis in common mental health conditions and insomnia. 
While insomnia is not a mental health condition per se, it often goes hand in hand 
with other conditions such as anxiety and poor sleep which can certainly affect 
our mental health. It begins with a description of the endocannabinoid system in 
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some depth (Chap. 2). Chapter 3 discusses the endocannabinoid system and 
stress. Chapter 4 examines what medicinal cannabis is and its key constituents 
(the phytocannabinoids, terpenes, and other plant nutrients) with a focus on 
 cannabidiol (CBD) and tetrahydrocannabinol (THC). The remainder of the book 
covers the six clinical topics of anxiety, depression, post-traumatic stress  disorder 
(PTSD), sleep disorders (insomnia), Alzheimer’s disease, and autism spectrum 
disorder (ASD). We chose to include a chapter on cannabis routes of delivery, phar-
macokinetics and safety at the end of the book, rather than including this informa-
tion in Chap. 4 (already a long chapter) so as to not interrupt the flow of the book. 
The final chapter, the Conclusion, completes the book.

The approach we have taken to the topic of mental health and medicinal cannabis 
is to summarize key information about each condition, including its pathophysiol-
ogy, and then look at scientific evidence of how the endocannabinoid system is 
involved in the particular condition. We then examine the evidence that CBD and 
THC in particular may be able to contribute to its treatment by looking at potential 
mechanisms of action, preclinical evidence of efficacy, and clinical evidence of effi-
cacy. We include some information on terpenes and other phytocannabinoids in 
some chapters also. Finally, we end with some dosing guidelines for use of medici-
nal cannabis products for the treatment of that particular condition, with a focus on 
treatment with CBD-dominant products, and one or two case studies from Dr. 
Blair’s clinical practice.

We have chosen to focus in particular on CBD and also THC in this book, but 
recognize that there are other phytocannabinoids and terpenes which are showing 
promise. It is Dr. Blair’s clinical experience and success with prescribing CBD- 
dominant products that provided the impetus to focus this book including the case 
studies on CBD. In countries such as Australia, where it is an offense under its driv-
ing laws to drive with any amount of THC in your body, the prescribing of products 
containing THC is somewhat fraught. Many patients prefer not to run the gauntlet 
and choose to use CBD products. Other patients prefer not to have any of the poten-
tial side effects that may be associated with THC, though as you will come to under-
stand, these are dose-dependent. And for many conditions, CBD-dominant products 
work very well.

 Limitations

There are limitations to what can be covered in a book, and we are aware of our own 
limitations as academics and clinicians. The heroes are all the scientists whose work 
we have sought to summarize and bring together, as it is those women and men who 
have spent much time and effort to produce the scientific evidence that ultimately 
provides the rationale for the use of medicinal cannabis in the treatment of so many 
diseases. We have sought to cover the pathophysiology of each condition suffi-
ciently; however, we are aware that in each of these conditions, there is emerging 
knowledge and theories and it is likely we may have missed information. We seek 
your forgiveness where we may not have been complete or have missed something. 

Why This Book?
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We understand that by the time this book goes to print, even more studies will have 
been published. We encourage our healthcare practitioner colleagues to keep up 
with the literature as it emerges.

 Medicinal Cannabis as Part of a Holistic Therapeutic Approach

Medicinal cannabis is not a magic bullet, and as practitioners we are treating a per-
son who has become out of balance in some way. We must consider all the factors 
that may have brought about this imbalance: stress, poor nutrition, lack of physical 
activity, poor sleep, lack of sunshine (vitamin D), and others. Medicinal cannabis 
should be an important component of a holistic treatment strategy that may also 
include western pharmaceuticals. We would stress that as practitioners, you need to 
help the patient address all of those factors that have led to the dis-ease, and if you 
don’t have knowledge in a particular area such as nutrition, for example, expand 
your network and refer your patient to other practitioners who may have such 
knowledge. This is integrative medicine. You don’t need to be an expert in every-
thing. But you do need to keep an open mind and be aware of other modalities that 
can help your patients. Remember to empower your patients with knowledge. In the 
end, it is they who must heal themselves.

 Your Journey

This book has been written for our healthcare practitioner colleagues and lay- 
scientists who are making a substantial impact on medical knowledge. It seeks to set 
out the scientific evidence in a logical manner so that you can establish a clinical 
basis for the use of medicinal cannabis therapy in mental health disorders, based on 
understanding how the endocannabinoid system and other factors are involved in 
the pathophysiology of such conditions. Perhaps, you will be better prepared when 
your next patient, family member, or friend asks you about the use of cannabinoids 
for one of these conditions. At the very least, we hope that you come away with an 
appreciation that indeed there is much already known about how medicinal canna-
bis may be able to help treat several mental health conditions and that it will give 
you some measure of confidence that the field of cannabinoid medicine is becoming 
scientifically more robust.

 A Final Note from Dr. Blair

In my 43 years of medical practice in family, combat, and occupational medicine as 
well as disease management, the last 6 years which has focused predominantly on 
medicinal cannabis practice have been the most revealing and satisfying of my 
career. They have been revealing in studying an entirely new and exciting 
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physiological science that finally explains why we get sick and how to stay well. 
These last 6 years have been extraordinarily satisfying for me in reducing human 
suffering, restoring productive lives, and resolving many here-to-fore untreatable 
illnesses. Why else would I be continuing these labors so far beyond retirement? All 
of this with rare adverse reactions, if any, are associated with medicinal cannabis, 
but with a plethora of beneficial effects. That final point is an important reason for 
my participation. I want you to feel comfortable about the safety of quality canna-
binoids for your practice.

We hope we are able to inspire you to consider medicinal cannabis first rather 
than last in your treatment options.
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Endocannabinoid System

 Introduction

The endocannabinoid system (ECS) is one of the most important neuroregulatory 
systems in our body. Discovered in the early 1990s, not only is the ECS is a major 
modulator of synaptic activity within the brain but it also has wide-ranging effects 
in other parts of the body, including on our immune system [1]. Briefly, it is com-
posed of endogenous ligands or endocannabinoids (endo = within), receptors for 
these ligands, and proteins (enzymes) involved in the metabolism and degradation 
of the endocannabinoids.

This ECS is an intelligent system. What often surprises people, particularly those 
who are critical of cannabis and its potential role as a therapeutic agent, is that we 
make our own cannabinoids in our bodies: “endocannabinoids.” The classic under-
standing of how endocannabinoids act is that they are synthesized on demand when 
needed, bind with receptors to effect change and then are quickly degraded when 
they have served their purpose (though this may not be the whole story since it 
appears there are intracellular reservoirs of endocannabinoids, discussed later). We 
have receptors for these endocannabinoids throughout the whole body including the 
brain, organs, connective tissue, skin, and organs and cells of our immune system. 
In fact, our ECS is involved in the development of the fetus, so we wouldn’t be here 
without it. This is probably the main reason that the phytocannabinoids, the active 
constituents of the plant Cannabis sativa, actually work—they are tapping into a 
system that is already present in the body. It is not just humans who possess an 
ECS. The ECS is present in animals, both vertebrates and invertebrates, too.

This Chapter
This chapter will explore the purpose of the ECS, its components, its various mech-
anisms of action including its role in neuroprotection, the role of the ECS in devel-
opment, and its role in disease. It will also discuss the role of diet in ensuring a 
healthy ECS.
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 Purpose of the Endocannabinoid System

The ECS is responsible for homeostasis of most systems in the body. The ECS 
modulates:

• Immune system (innate, adaptive); inflammation
• Pain/analgesia
• Stress response, emotions/moods, cognitive function, memory and memory 

extinction, relief from dwelling on pain and fear
• Sleep
• GI tract homeostasis including regulation of food intake and satiation, gastropro-

tection, nausea and emesis, gastric secretion, visceral sensation, GI motility, ion 
transport, intestinal inflammation, and cell proliferation in the gut

• Energy homeostasis and regulation of lipid and glucose metabolism
• Embryological development
• Cycle of cell life and death, cancer cell control, cyto-protection
• Neurotransmitters, neuroprotection, neural plasticity
• Many others [2–9] 

When malfunctioning, the ECS can contribute to pathological states [10]. The 
ECS plays a key role in the regulation of our mind and emotions. The ECS has a 
bidirectional involvement in stress modulation: it plays a key role in regulating our 
reaction to stress and stress can modulate the functioning of the ECS, discussed in 
the next chapter in detail [11]. So, let us first look in more detail at what makes up 
the ECS.

 Components of the Endocannabinoid System: Overview

The ECS is generally understood to be composed of three components:

 1. Endogenous ligands (endocannabinoids), the two key ones being 
N- arachidonoylethanolamine (anandamide, abbreviated to AEA) and 
2- arachidonoylglycerol (2-AG), with at least three others which may also be 
endocannabinoids

 2. Cannabinoid (CB) receptors, metabotropic receptors coupled to G-proteins, the 
two key ones being CB1 and CB2 receptors, which bind with the endocannabi-
noids (however there are several other classes of receptors which appear to bind 
with endocannabinoids also)

 3. Enzymes responsible for their synthesis and metabolism [12, 13]

This is the simplistic view of the ECS. In reality it is much more complex and 
there are several ECS-related entities. These include other receptors to which endo-
cannabinoids can bind, such as the deorphanized metabotropic G-protein receptors 
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(GPR18, GPR55, GPR119), the intranuclear peroxisome proliferator- activated 
receptors (PPARs), and members of the transient receptor potential (TRP) ion chan-
nel superfamily. It also includes other potential ligands that are part of the N-acyl 
ethanolamine family including palmitoylethanolamide (PEA) and oleoylethanol-
amide [8].

 Endogenous Ligands: Endocannabinoids

Some Terminology
Ligand: A ligand is a substance that forms complexes with receptors (proteins) to 
cause a biological action [14]. We have endogenous ligands, e.g., the endocannabi-
noids, and exogenous ligands (e.g., the phytocannabinoid tetrahydrocannabinol is 
an exogenous ligand).

Modulation: Receptors may be activated at their “regular” binding site to which 
endogenous ligands bind, and this is called orthostatic modulation. Ligands can 
also bind at a different site, termed allosteric modulation. Ligands can be “positive 
allosteric modulators,” which means they enhance the effects of the natural ligand, 
or they can be “negative allosteric modulators,” reversing the effects of the natu-
ral ligand.

Agonists and Antagonists: Ligands may be full agonists, partial agonists, neu-
tral antagonists, partial inverse agonists, or full inverse agonists. Whether a ligand is 
a partial or full agonist at a receptor can depend on the type of cell being inner-
vated [14].

 Endocannabinoids in Brief

Endocannabinoids are lipophilic, that is, lipid-loving. The main endocannabinoids 
are arachidonoylethanolamine (anandamide, abbreviated to AEA) and 
2- arachidonoylglycerol (2-AG), with three others identified: 2-Arachidonyl glyc-
eryl ether (2-AGE, noladin ether), O-Arachidonoyl ethanolamine (O-AEA, virod-
hamine), and N-Arachidonoyl dopamine (NADA) [5]. AEA was first isolated in 
1992 from porcine brain [15] and is a partial agonist at the two cannabinoid recep-
tors (called CB1 receptors and CB2 receptors) [1]. 2-AG was isolated in 1995 in 
canine gut [16] and in the brain [17]. It is a full agonist at CB1 receptors and CB2 
receptors [1].

The life cycle of the endocannabinoids involves synthesis, binding to receptors, 
then rapid degradation, and removal. The metabolic enzymes involved in the syn-
thesis and degradation of the endocannabinoids thus regulate their in vivo availabil-
ity and are responsible for maintaining what is known as the “endocannabinoid 
tone” [18].

Endogenous Ligands: Endocannabinoids
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 Synthesis of AEA and 2-AG

Unlike other neurotransmitters such as serotonin and dopamine which are stored in 
vesicles, the classic understanding is that both AEA and 2-AG are synthesized post-
synaptically on demand in response to an internal signal, through a process of enzy-
matic cleavage of membrane-bound lipid precursors present in the phospholipid 
layer [1, 19]. They are not as rapidly acting as typical neurotransmitters for this 
reason [14]. AEA and 2-AG primarily act presynaptically on CB1 receptors, and 
their main action in nerves is to reduce neuronal release of other transmitters [1]. 
Thus, when synthesis is triggered, the endocannabinoids move in a retrograde fash-
ion, from postsynaptic to the presynaptic region.

The precursors and enzymes that synthesize endocannabinoids are present on the 
cell surface (which supports the idea that endocannabinoids are generated within 
the plasma membrane). Both AEA and 2-AG are formed from membrane-bound 
phospholipid arachidonic acid (AA), synthesized in postsynaptic terminals follow-
ing increased levels of intracellular calcium [20, 21]. The endocannabinoids are 
then released by diffusion, either passively or facilitated by lipid-binding proteins 
[22, 23].

AEA formation begins with the transfer of arachidonic acid (AA) from the sn-1 
position of 1,2-sn-di-arachidonyl-phosphatidylcholine to phosphatidylethanol-
amine, which generates the AEA precursor N-arachidonoyl phosphatidylethanol-
amine (NAPE). NAPE is then converted into AEA by the enzyme NAPE-selective 
phospholipase D [1, 24]. The on-demand synthesis of AEA is not as well under-
stood as for 2-AG [25]. The other N-acylethanolamides, OEA, PEA, and SEA (stea-
roylethanolamide), also use this pathway.

2-AG is an ester formed from membrane phospholipids when the arachidonic 
acid-containing diacylglycerol (DAG) reacts with glycerol in a process catalyzed by 
sn-1-selective diacylglycerol lipase α (DAGL α) or by DAGLβ [1, 11, 26, 27]. This 
pathway appears to dominate in the CNS [28]. However, there are other pathways 
for synthesis of 2-AG which have not been investigated as extensively:

 1. A process involving lysophosphatidic acid (LPA) hydrolysis by an LPA 
phosphatase.

 2. A process involving the conversion of phosphatidyl lipid (e.g., PI) to 
2- arachidonoyllyso PI, via the action of a PLA1, and then to 2-AG by the action 
of lyso-PLC (for more details, see Murataeva et al. [27]).

When the postsynaptic neuron becomes depolarized by a neurotransmitter such 
as glutamate acting on an excitatory postsynaptic receptor, an increase in intracel-
lular calcium occurs which induces the postsynaptic synthesis of 2-AG and its 
release into the synaptic cleft. 2-AG is only produced within the regions where this 
activation occurs [1].

The presence of more than one route for synthesis of 2-AG is thought to possibly 
reflect its involvement in cellular metabolism as well as its role as a neurotransmit-
ter [21, 22].

2 Endocannabinoid System
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 Binding to Receptors (Extracellular and Intracellular)

Both 2-AG and AEA bind to the two main extracellular receptors for cannabinoids, 
CB1 and CB2 receptors, and are said to be agonists of these receptors (which means 
that they activate the receptors). 2-AG is a full CB1 receptor agonist and full CB2 
receptor agonist, whilst AEA is a partial CB1 receptor agonist and partial CB2 
receptor agonist [1, 14].

Endocannabinoids also bind to other non-CB1/CB2 receptors such as GPR55, as 
well as intracellular binding sites (such as the transient receptor potential vanilloid 1 
or TRPV1 channel), and to receptors residing in the nucleus (e.g., peroxisome prolif-
erator-activated receptors, e.g., PPAR-α receptors) [22, 29], described in more detail.

 Transport Across the Plasma Membrane
How AEA is transported in and out of cells (i.e., across the plasma membrane) is not 
well understood, and several hypotheses exist including passive diffusion (in which 
AEA may form complexes with cholesterol, in microdomains called “lipid rafts”; b) 
facilitated transport via an endocannabinoid transporter; and caveolae-related endo-
cytosis [24, 29]. The mechanisms of intracellular trafficking are also not well under-
stood [29].

Once AEA has crossed the plasma membrane, it is transported within the cyto-
plasm by intracellular transporters (these include fatty acid-binding proteins 5 and 
7 and heat shock protein 70) to various targets such as the nucleus and to storage 
compartments that have been identified, called adiposomes (2-AG is also likely to 
be transported in a similar manner intracellularly) [24].

 Intracellular Reservoirs Challenge Classic Understanding 
of Endocannabinoid On-Demand Synthesis
The discovery of intracellular reservoirs of AEA, which are lipid droplets called 
adiposomes, as well as intracellular transporters, has thus called into question the 
classic understanding that endocannabinoids are synthesized on demand [24, 29]. 
Adiposomes then may play a crucial role in accumulating AEA. They may also play 
a role in connecting plasma membrane to internal organelles [30]. Future research 
will no doubt unravel more about the internal activities of the endocannabinoids 
within cells.

 Degradation of Endocannabinoids

Once the endocannabinoids have served their purpose (e.g., activating receptors), a 
reuptake system terminates their action [22]. The endocannabinoids are internalized 
into the cell and metabolized or degraded quickly [31]. It is thought that an endo-
cannabinoid cell membrane transporter system is involved in the control of AEA 
and 2-AG transport and metabolism and the rapid removal of the endocannabinoids 
from circulation, though this process is not at all well understood at this point 
[1, 20].

Endogenous Ligands: Endocannabinoids
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 AEA Degradation
The AEA degradation enzymes (fatty acid amide hydrolase [FAAH-1 and FAAH-2]) 
are bound to intracellular membranes [29], and fatty acid-binding proteins (FABP) 
transport AEA to intracellular FAAH for inactivation and degradation. FAAH 
hydrolyzes AEA to arachidonic acid and ethanolamine [27]. The AEA-degrading 
enzyme FAAH is widely expressed in the brain, in postsynaptic structures [32]. 
There are other enzymes that can cleave AEA, albeit poorly (e.g., N-acylethanolamine- 
hydrolyzing acid amidase), and these are located within lysosomes [29]. In addition 
to hydrolysis by FAAH, AEA can also be broken down by several other enzymes, 
and the:

• Cyclooxygenase-2 (COX-2) (via oxygenation): metabolizes AEA into 
prostaglandin- ethanolamides (PGs-EA)

• 15-Lipoxygenase: converts AEA to hydroxy-anandamides or 
hydroxyeicosatetraenoyl- ethanolamides (HETEs-EA)

• Several cytochrome P450 monooxygenases: convert AEA into 
epoxyeicosatrienoyl- ethanolamides (EETs-EA)

The oxygenated derivatives of AEA have biological actions, though their impact 
on human health is not yet clear [30].

 2-AG Degradation
2-AG metabolization has at least eight different enzymes participating. These either 
degrade 2-AG into its component parts of arachidonic acid and glycerol or trans-
form 2-AG into highly bioactive signal molecules [27]. The enzymes which metab-
olize 2-AG are located postsynaptically and presynaptically, providing parallel 
mechanisms for spatial control of endocannabinoid signaling. Monoacylglycerol 
(MAGL) is considered the main enzyme that degrades 2-AG, responsible for around 
85% of its hydrolysis, and MAGL co-localizes with CB1 receptors in axon termi-
nals [20]. However, there are at least three other serine hydrolases that contribute to 
degradation of 2-AG which are fatty acid amide hydrolase (FAAH), serine hydro-
lase α-β-hydrolase domain 6 (ABHD6), and serine hydrolase α-β-hydrolase domain 
(ABHD12). These pathways all lead to two main degradation products: arachidonic 
acid (AA) and glycerol [27].

 New Signaling Molecules Generated
In addition to their roles as endocannabinoids, 2-AG and AEA are important inter-
mediates in lipid metabolism—they act as precursor pools for arachidonic acid from 
which eicosanoids are subsequently produced [20]. 2-AG and AEA are substrates 
for COX-2 (producing prostamides and prostaglandin glycerol esters) and are also 
substrates for lipoxygenase (LOX, producing hydroperoxy derivatives) as well as 
CYP enzymes (producing hydroxy-eicosatetraenoic ethanolamide molecules or 
epoxy-eicosatrienoic acids) [20]. We have previously pointed out some of the addi-
tional metabolic pathways of AEA and resultant metabolites.

2 Endocannabinoid System
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Here are some of the other 2-AG metabolism pathways which produce new sig-
naling molecules:

• COX-2 oxidizes 2-AG under certain circumstances to produce prostaglandin 
glycerol esters (PGE2 glycerol ester). PGE2-G is a multifunctional signaling mol-
ecule involved in immune system modulation, hyperalgesia, and enhanced neu-
ronal activity. However, in other circumstances COX-2 converts 2-AG into a 
pro-nociceptive prostanoid [33].

• Phosphorylation of 2-AG by acyl glycerol kinase(s) creates lysophosphatidic 
acid (LPA) which activates different signaling pathways.

• Lipoxygenases (LOX) can oxidize 2-AG to produce hydroperoxy derivatives of 
2-AG [20].

What is important to note is that these latter 2-AG metabolites often have the 
opposite bioactivity to that of 2-AG, that is, they are excitatory rather than inhibi-
tory. Thus, inhibiting the metabolic enzymes can have important consequences at 
the cellular level [27].

Thus, many of the degradation products of endocannabinoids are also biologi-
cally active in the ECS and beyond. They also play a significant role in maintaining 
the homeostatic balance of the ECS as well as additional modulation.

The key synthesis and degradation pathways of AEA and 2-AG are set out in 
Fig. 2.1.

 A Fine-Tuned Modulation System
Why is it that there are so many degradation pathways involved? Simply, it seems to 
be all about having a fine-tuned modulation system. If there are large amounts of 
2-AG produced in the postsynaptic cell, it may be degraded postsynaptically by 
ABDH6 into arachidonic acid and glycerol. The remaining 2-AG which has dif-
fused across the synapse has interacted with CB1 receptors on the presynaptic ter-
minal. There, presynaptically, this 2-AG can be degraded by MAGL, COX-2, or 
ABHD12. As explained elegantly by Murataeva et  al. [27], “Depending on the 
amount of 2-AG produced, and the enzymes involved, the duration and spatial 
spread of 2-AG can be controlled and additional modulators (eg.PGE2-G and 
2A-LPA) produced.”

 AEA and 2-AG in More Detail

There are differences between AEA and 2-AG in terms of their binding affinity to 
the endocannabinoid receptors, expression and concentration in the brain, and their 
function and agonist effect. Some key differences between AEA and 2-AG are set 
out in Table 2.1.

Endogenous Ligands: Endocannabinoids
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 Anandamide (AEA)
AEA is a partial agonist at CB1 and CB2 receptors, has a greater affinity for CB1 
receptors (than CB2 receptors), and has a lower relative intrinsic activity at CB2 
receptors compared with CB1 receptors. AEA’s affinity for the CB1 receptor is sim-
ilar to that of THC, but its affinity for the CB2 receptor is less than that of THC [35].

During development, AEA does not function as a retrograde transmitter. It is 
tonically active during development and acts as a growth factor: its role is to pro-
mote and regulate neuronal development where it is critical in synapse formation 
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Fig. 2.1 Endocannabinoid synthesis and degradation pathways: AEA and 2-AG
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and axonal pathfinding [14, 38]. In contrast, in adulthood AEA acts as a stress 
response modulator, and the effects within the brain are very localized. Similar to 
2-AG, it acts as a retrograde neurotransmitter and affects cells in the immediate 
vicinity but not beyond—it doesn’t have diffuse action like hormones do, and it 
doesn’t affect the body systemically like phytocannabinoids can [14].

Whilst AEA is not as tonically active as 2-AG in the adult brain, if AEA is 
induced to be constantly active, the brain downregulates its responsiveness to 
AEA. This in turn can decrease its neuromodulatory function and disrupt the signal-
ing function mediated by stress-responsive variations in AEA levels [14].

Table 2.1 Differences between AEA and 2-AG

Characteristic AEA 2-AG
Affinity to CB1 
and CB2 
receptors

Binds with greater affinity to CB1 
receptors (compared with CB2 
receptors)

Binds to both CB1 and CB2 
receptors

Agonist effect at 
CB1 receptors

Partial agonist at CB1 receptors; 
higher affinity for CB1 receptors 
compared with CB2 receptors; similar 
affinity as THC for CB1 receptors

Full agonist at CB1 receptors; 
slightly higher affinity for CB1 
receptors compared with CB2 
receptors; has a higher CB1 and 
CB2 potency than AEA and higher 
CB1 and CB2 intrinsic activity than 
AEA

Agonist effect at 
CB2 receptors

Partial agonist at CB2 receptors; lower 
affinity for CB2 receptors compared 
with CB1 receptors; lower relative 
intrinsic activity at CB2 receptors 
compared with CB1 receptors; affinity 
for CB2 receptors is less than THC’s 
affinity for CB2 receptors

Full agonist, primary binding ligand 
for CB2 receptors

Concentration 
in brain

Lower concentrations in the brain than 
2-AG

Greater concentrations in the brain 
than AEA (1000× greater than 
AEA)

Breadth of 
expression in 
brain

Less broadly expressed in the brain 
than 2-AG

More broadly expressed in the brain 
than AEA

Function AEA regulates tonic basal synaptic 
transmitter release
Acts as a growth factor during 
development.

Main working endocannabinoid in 
the brain; acts as a phasic signal 
triggered during sustained neuronal 
depolarization and mediates forms 
of synaptic plasticity
Acts as a stress modulator in adult 
life

When more 
tonically active/
action

More tonically active during 
development; acts as a growth factor 
during development and a stress 
modulator in adulthood

More tonically active during 
adulthood; acts as a neuromodulator

Parker [1], Katona and Freund [34], Atkinson and Abbot [14], Pertwee et al. [35], Chen et al. [36], 
Zou and Kumar [37]
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AEA Binds to Many Non-cannabinoid Receptors
AEA binds to several non-cannabinoid receptors including:

• Transient receptor potential cation channel subfamily V member 1 (TRPV1) 
receptors

• Peroxisome proliferator-activated (PPAR-α and PPAR-ϒ [alpha and gamma]) 
receptors (receptors that target genes involved in regulation of metabolism and 
energy homeostasis, inflammation, and cell differentiation [39])

• G-protein receptor 55 (GPR55) [22]

AEA also reduces conductance of several other receptors including:

• α-7 nicotinic receptors
• Glycine receptors
• 5HT3 serotonergic receptors [22]

 2-Arachidonylglycerol (2-AG)
2-AG is a full agonist at both CB1 and CB2 receptors with a slightly higher affin-
ity for CB1 receptors compared with CB2 receptors. 2-AG has a higher CB1 and 
CB2 potency than AEA and higher CB1 receptor relative intrinsic activity than 
AEA [35].

The basal level of 2-AG in the brain is around 1000 times that of AEA [37]. 2-AG 
is more tonically active in the adult CNS, acting more as a neuromodulator [14]. It 
does this through acting as a retrograde neurotransmitter, exerting effects on CB1 
receptors located on the presynaptic regulatory neurons which may be excitatory 
(neurotransmitter = glutamate) or inhibitory (neurotransmitter = GABA receptors). 
In the brain such CB1 receptors are located in various regions such as the hippocam-
pus, mesolimbic dopamine area (nucleus accumbens, ventral tegmental area), 
amygdala, cingulate cortex, prefrontal cortex, and cerebellum [14], and as we will 
see later, many of these areas are involved in the regulation of emotions, cognition, 
fear, and memory. 2-AG is a particularly fast retrograde synaptic messenger [40].

 Key Difference Between Endocannabinoids 
and Phytocannabinoids

There is a key point of difference between endocannabinoids and phytocannabinoids 
or synthetic cannabinoids: the metabolism of the endocannabinoids is rapid, whereas 
metabolism of phytocannabinoids takes several hours. For example, the half-life t1/2 of 
cannabidiol (CBD) is 20–36 h [41]. The mean urinary excretion t1/2 of the THC metab-
olite, THCCOOH, is 1.3 days for an infrequent user, and the median t1/2 is 1.4 days for 
a frequent user during the first 5 days; but in frequent users, terminal excretion half-
lives of up to 10.3 days have been observed. Detection time of the last THCCOOH- 
and cannabinoid-positive urine specimen and time to first negative specimen are 
increased in frequent users compared with infrequent users [42].
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 Endocannabinoid-Like Compounds: PEA, OEA, and Oleamide

N-palmitoylethanolamide (PEA), oleoylethanolamide (OEA), and oleamide are 
considered endocannabinoid-like compounds and are part of the extended ECS. An 
N-acylethanolamine (NAE) is a fatty acid amide formed when an acyl group links 
with a nitrogen atom of ethanolamine. N-palmitoylethanolamide (PEA) and oleoyle-
thanolamide (OEA) as well as the endocannabinoid anandamide (arachidonoyletha-
nolamine) are examples of NAEs.

 N-palmitoylethanolamide (PEA) and Oleoylethanolamide (OEA)
OEA and PEA are structurally similar to AEA, are found in the gastrointestinal 
tract, and can induce analgesia (PEA) and modulate food intake and body weight 
(OEA) [22, 43, 44]. FAAH (the enzyme that degrades AEA) also breaks down PEA 
and OEA, and it has been found that FAAH inhibitors elevate all three [1, 45]. 
Although PEA and OEA are structurally similar to AEA, current thinking is that 
neither PEA or OEA bind to CB1 and CB2 receptors, though there is some evidence 
that PEA can directly or indirectly stimulate as yet unidentified CB2-like receptors 
[43, 46] and there is some evidence that PEA might bind with CB1 receptors [47] 
(yet to be confirmed) [48].

PEA acts through PPAR-α (which regulates gene networks which control pain 
and inflammation), GPR55, and GPR119 receptors and may sensitize TRPV1 chan-
nels on sensory neurons [43, 49–51]. PEA may play a role as an antioxidant, anal-
gesic, anti-nociceptive, and anti-inflammatory mediator and might also act as an 
“entourage” compound for endocannabinoids, by inhibiting the inactivation of 
endocannabinoids (thereby enhancing their action) [44, 46].

OEA acts through PPAR-α, GPR119, and TRVP1 receptors, with a high affinity for 
PPAR-α [52, 53]. OEA can modulate the control of food intake, as well as lipid and 
glucose metabolism, as well as have analgesic effects and potential anti- inflammatory 
and anti-fibrosis actions [52, 53]. OEA has shown clear effects in the treatment of obe-
sity and obesity-related metabolic conditions and may show promise in the manage-
ment of risk factors associated with non-alcoholic fatty liver disease [53].

 Oleamide
Oleamide, a derivative of oleoylglycine, has been suggested as another member of 
the ECS family but appears to be synthesized in a pathway unrelated to other endo-
cannabinoids. Oleamide is generated by the neuropeptide processing enzyme, pep-
tidylglycine alpha-amidating monooxygenase (PAM) [54]. Oleamide is structurally 
related to AEA and is an endogenous amide of the fatty acid oleic acid (a major 
monounsaturated fatty acid found in olive oil) [55]. The FDA has approved a health 
claim for high oleic oils in the prevention of coronary heart disease [56]. It was first 
isolated in the cerebrospinal fluid of sleep-deprived cats [32]. Oleamide is a full 
agonist of CB1 receptors, has similar effects to AEA in vivo, and is degraded by 
FAAH [55]. Animal research indicates that oleamide is produced in brain micro-
somes of mice [57] as well as in neuroblastoma cells, with levels found to be 78 
times greater than AEA [55, 58]. Research has demonstrated that oleamide is able 
to inhibit gap junction-mediated cell-cell communication as well as modulate other 
neurotransmitter systems, including modulating some of the serotoninergic 
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receptors and inhibitory ionotropic receptors (e.g., GABAA receptor) [55]. In mice 
neuroblastoma cells, oleamide can inhibit or stimulate formation of cAMP follow-
ing Gi/o inactivation and in a manner sensitive to CB1 antagonists and has similar 
CB1 receptor agonist activity as AEA. This supports the idea that in addition to 
allosteric modulation and possible entourage effects (due to FAAH inhibition), ole-
amide is also an endocannabinoid which directly acts at the CB1 receptor [55].

Both AEA and oleamide induce sleep [55] though how it does so is not com-
pletely understood. It is likely that it interacts with several neurotransmitter sys-
tems, and it seems cannabinergic pathways are involved as cannabinoid agonists 
can inhibit its hypnotic action [59]. Oleamide can elicit the classic tetrad of behav-
iors that are used to identify cannabinergic activity and has a similar activity profile 
to AEA [55]. Could the benefits of diets high in oleic acid oils come from its endo-
cannabinoid effects?

 Cannabinoid Receptors

 Discovery of Cannabinoid Receptors

The structure for the exogenous cannabinoid ligand THC was discovered in 1964 
[60], well ahead of the discovery of the endogenous cannabinoids (AEA, 2-AG) or 
the actual receptors for the cannabinoids (endo- and exo-). It was not until 1990 that 
an orphan G-protein-coupled receptor (SKR6) derived from a rat cerebral cortex 
cDNA library was discovered to mediate the pharmacological effects of THC, and 
it was this discovery that identified the first cannabinoid receptor, referred to as the 
CB1 receptor [61]. In 1993, a second G-protein-coupled receptor (CX5) expressed 
in the human promyelocytic leukemic cell line HL60 was discovered and identified 
as the second cannabinoid receptor, referred to as the CB2 receptor [62]. Receptors 
for cannabinoid ligands, whether such ligands are endogenous or exogenous (i.e., 
phytocannabinoids), are thus referred to as “cannabinoid receptors.”

CB1 and CB2 receptors are members of the superfamily of G-protein-coupled 
receptors (GPCRs) [35]. Both are metabotropic receptors coupled through 
G-proteins to adenylyl cyclase and mitogen-activated protein kinase (MAPK). They 
inhibit adenylyl cyclase and activate mitogen-activated protein kinase (MAPK) by 
signaling through Gi/o proteins. For the CB1 receptor, this can also impact on potas-
sium and calcium currents [1, 11, 35].

 Location of Cannabinoid Receptors

CB1 and CB2 receptors differ in where they are predominantly located; however, 
there are several parts of the body where they both appear. Essentially, CB1 receptors 
are abundant in the central nervous system (CNS) but are also present in periphery, 
in many other parts of the body, whilst CB2 receptors are abundant in the periphery, 
being particularly concentrated in cells and organs of the immune system though are 
also present in other parts of the body. Table 2.2 sets out the anatomical locations of 
CB1 and CB2 receptors, much of which has been derived from animal research.
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Table 2.2 Anatomical location of CB1 and CB2 receptors

CB1 receptors CB2 receptors
Abundant in the central nervous system
  Brain (neurons in particular; also in cerebral 

blood vessels and present to some extent in 
microglia), spinal cord

Also in periphery:
  Peripheral nervous system: sympathetic nerve 

terminals, trigeminal ganglion, dorsal root 
ganglion, dermic endings of primary sensory 
neurons; neurons of parasympathetic nervous 
system

  Eye
  Adipose tissue, connective tissue (e.g., fascia, 

fibroblasts), skeletal muscle, bone (osteoblasts, 
osteoclasts), smooth muscle (vascular and 
visceral) 

  GI tract: myenteric and submucosal plexuses 
of enteric nervous system (mostly by motor 
neurons, interneurons, primary afferent 
neurons but also epithelial cells); non-neuronal 
cells in intestinal mucosa (enteroendocrine 
cells, immune cells, enterocytes); endings of 
vagus nerve; ileum longitudinal smooth 
muscle; pancreas 

  Liver: hepatocytes, stellate cells, vascular 
endothelial cells

  Heart
  Kidney
  Bladder
  Adrenal gland
  Spleen, tonsils
  Lung
  Endocrine glands (e.g., thyroid, adrenals, 

pituitary gland), exocrine glands
  Skin (keratinocytes, hair follicle cells, 

sebaceous glands, sensory neurons, immune 
cells)

  Reproductive organs: male (testes) and 
female (uterus, ovaries); placenta

  Blood vessels, vascular endothelial cells, blood 
(leukocytes); smooth muscle cells

  Immune cells (including macrophages, mast 
cells)

Abundant in the periphery; highly 
concentrated in the tissues and cells of 
the immune system
  Monocytes, macrophages
  CD4+ and CD8+ T cells, B cells, NK 

cells, neutrophils, mast cells
  Spleen, tonsils, thymus
Also in:
  CNS (present in lower levels in 

CNS): cell bodies and dendrrites of 
central neurons; cortex, brainstem, 
cerebellum, striatum, 
hippocampus, amygdala, retina; neuronal, 
glial (incl astrocytes, microglia) and 
endothelial cells of the brain

  Spinal cord and dorsal root ganglia; 
primary sensory neurons

  Liver; activated hepatic stellate cells
  GI tract: predominantly peripheral 

distribution (highest expression on 
immune cells but also found on enteric 
neurons: neurons in myenteric and 
submucosal plexus of enteric nervous 
system); colonic epithelial cells; 
intestinal mucosa-enterocytes

  Adipocytes
  Leukocytes
  Bone marrow; bone (osteoclasts, 

osteoblasts, osteocytes)
  Heart: myocardium, cardiomyocytes, 

cardiomyoblasts
  Muscle cells
  Human vascular smooth muscle; 

endothelial cells
 Pancreas (exocrine, enterocrine)
  Lung 
  Skin: including keratinocytes, sebaceous 

glands, sensory neurons, immune cells 
  Reproductive organs and cells  

(e.g., ovary); placenta
  Kidneys
  Bladder
  Various human tumors

Health Canada [63], McGeeney [64], Pacher and Mechoulam [65], Kupczyk et al. [66], McPartland 
et al. [10], Parker [1], Maccarrone et al. [18], Ellert-Miklaszewska et al. [67], Chua et al. [68], 
Hedlund [69], Lotersztajn et al. [70], Galiegue et al. [71], Cacciola et al. [72], Rezkalla and Kloner 
[73]; Matias and Di Marzo [6]; Park et al. [74]; Mackie [75]; Gonzales et al. [76]; Borowska et al. 
[77]; Rossi et al. [78]; Rajesh et al. [79]; Pacher et al. [80]; Shestra et al. [81]; Caterina [82]; Pucci 
et al. [83]; Ramot et al. [84]; Pesce et al. [85]; Chen et al. [36]; Onaivi et al. [86]; Anand et al. [87]; 
El-Talatini et al. [88]; Bermúdez-Silva et al. [89]; Ofek et al. [90]; Pini et al. [91]; Xu et al. [92]; 
Sharkey & Wiley [93]; Zou & Kumar [37]; Fede et al. [94]; Alfulaij et al. [95]; Mahavadi et al. [96] 
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 Location of CB1 Receptors: Overview

Originally considered mainly a CNS receptor, it is now known that the CB1 receptor 
is represented in many tissues and organs, though at a lower expression level than in 
the brain [1]. See Table 2.2 for details. Much of the research into cannabinoid recep-
tors has been conducted in rats [98]. There is significant similarity in the amino acid 
sequence for CB1 receptors between human and rat, with 97% sequence identity 
between the two [99].

CB1 receptors are found mainly at the terminals of central and peripheral neu-
rons [35]. Activation of CB1 receptors leads to central and peripheral effects, and 
specific effects on the nervous, cardiovascular, gastrointestinal, reproductive, and 
other systems are essential for normal physiological functioning [65]. As discussed 
previously, binding of endogenous ligands to CB1 receptors typically mediates inhi-
bition of the ongoing release of several different excitatory and inhibitory neu-
rotransmitters [35]. The CB1 is the receptor responsible for the “high” associated 
with recreational use of cannabis since this is the receptor that tetrahydrocannabinol 
(THC, the component of Cannabis sativa that is potentially intoxicating) binds to in 
the brain. CB1 receptors in various parts of the brain play a key role in the regulation 
of our emotions, cognition, and memory and control of motor function and analge-
sia [35].

CB1 receptors have one or more allosteric sites in addition to orthosteric sites. 
Ligands which bind at the allosteric sites can enhance or inhibit the activation of the 
CB1 receptor by direct agonists [35].

 Neuroprotection
In vivo research in mice investigating traumatic brain injury indicates that genera-
tion of 2-AG and activation of plasma CB1 receptors mediate neuroprotective 
responses through several pathways including suppression of reactive oxygen spe-
cies (ROS) formation, vasodilation, inhibition of proinflammatory mediators, and 
inhibition of excitotoxicity [92, 100, 101]. CB2 receptors are found on resident 
inflammatory cells in the CNS and facilitate neuroprotection by reducing the inflam-
matory response [92].

• CB1 receptors are particularly concentrated in the CNS, but occur in  a 
many organs of the body also. CB1 receptors inhibit the release of excit-
atory and inhibitory neurotransmitters including dopamine, GABA, gluta-
mate, noradrenaline, and acetylcholine [97].

• CB2 receptors are found predominantly in peripheral tissues, especially in 
immune cells where they act as immunomodulators; however, they are also 
present in the brain and other parts of the body [13].
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 CB1 Receptors in the CNS

CB1 receptors are particularly concentrated in the central nervous system (CNS, 
brain, and spinal cord), as well as many organs of the body. CB1 receptors are found 
in many regions of the brain, with a high concentration of CB1 receptors in sensory 
and motor regions of the brain [1]. Human research has confirmed that cannabinoid 
receptor binding sites are present mainly in the forebrain regions associated with 
higher cognitive functions; forebrain, midbrain, and hindbrain regions associated 
with movement control; and hindbrain areas associated with control of motor and 
sensory functions of the autonomic nervous system [102]. Very high concentrations 
of cannabinoid receptor binding sites occur in the dentate gyrus, Ammon’s horn, 
and subiculum of the hippocampal formation and high concentrations in the ento-
rhinal cortex and amygdaloid complex [102].

CB1 receptors are expressed in the hippocampus, mesolimbic dopamine areas 
(ventral tegmental area and nucleus accumbens), cingulate cortex, prefrontal cortex, 
and cerebellum [14].

Cannabinoid receptor binding sites are present in all regions of the neocor-
tex with the greatest densities in the associational cortical regions of the frontal 
and limbic lobes, moderate densities in the secondary sensory and motor corti-
cal regions, and lowest densities in the primary sensory and motor regions in 
human brains. There are relatively high concentrations of cannabinoid recep-
tors in the cortical regions of the left hemisphere, associated with verbal lan-
guage [102].

There is a low density of CB1 receptors in the brainstem regions controlling 
cardiovascular and respiratory functions [41]. CB1 receptors are also found in astro-
cytes, oligodendrocytes, and glia as well as inside of cells [103–105].

 Glutamate and GABAergic Receptors
The expression of CB1 receptors in the brain is very high, with amounts of pro-
tein similar to GABAA and NMDA receptors [103]. CB1 receptors are considered 
the most abundant metabotropic receptors in brains of mammals [22, 106]. CB1 
receptors are present in many types of cells in the brain, but levels of expression 
vary between locations [103]. In addition, within the same brain region, strength 
of G protein activation can differ between types of neurons [103]. For example, 
mice studies indicate that within the hippocampus, the strength of the G protein 
activation by glutamatergic neurons CB1 receptors is much greater than that 
induced by GABAergic interneurons [103, 106]. 

The ECS is particularly well positioned to regulate the activity of neurotransmit-
ters involved in regulation of emotions, since CB1 receptors are present on brain 
glutaminergic, GABAergic, serotonergic, and noradrenergic axon terminals [108]. 
In addition, CB1 receptors are present in mitochondria and may exert effects on 
memory formation [109].
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In terms of regional brain expression, CB1 receptors:

• Are highly expressed in areas of the brain associated with mood/emotions and 
cognitive processes (e.g., cingulate cortex, frontal cortex, amygdala, hippocam-
pus) and areas involved with movement control (basal ganglia, cerebellum).

• Are moderately expressed in the dorsal root of the spinal cord and the periaq-
ueductal gray matter (PAG), which are areas involved in nociceptive processing 
(i.e., neural substrates for analgesic effects), and in the hypothalamus (i.e., a 
neural substrate for neuroendocrine effects).

• Have a relatively low expression in brain areas associated with control of essen-
tial vegetative functions [22, 103].

Within cortical areas of the brain, there are two major neuronal subpopulations 
that express CB1 receptors, and these have opposite actions in regulating the 
brain’s excitatory state: cortical GABAergic interneurons (inhibitory action) and 
cortical glutaminergic neurons (excitatory action)  and the relative abundance of 
CB1 receptors differs between these neuronal subpopulations [103, 110]. In the 
cortex, there are high levels of CB1 receptors in GABAergic neurons but much 
lower levels of CB1 receptors in glutamate receptors. Yet in other regions of the 
brain, for example, the hypothalamus, there is a relatively low level of CB1 recep-
tors overall, but their level of expression is similar in glutamatergic and GABAergic 
neurons [103, 111]. Other types of neurons including noradrenergic, cholinergic, 
serotonergic, and perhaps also dopaminergic neurons are also found to contain 
low-to-moderate levels of CB1 receptor protein; [103, 112]. For example, rodent 
experiments have also found CB1 receptors in serotonergic neurons (5-HT) of the 
dorsal raphe nucleus [113] and noradrenergic neurons in the forebrain [114]. To 
complicate matters a little more, there is not a direct correlation between abun-
dance of expression of CB1 receptors and levels of cannabinoid-dependent signal-
ing. For example, the hypothalamus which contains relatively low CB1 receptor 
levels  has higher levels of cannabinoid-dependent signaling than other brain 
regions that express much higher levels of CB1 receptors [115]. Other studies sug-
gest that hippocampal glutaminergic CB1 receptors have a much higher efficacy of 
G protein- dependent signaling compared with neighboring GABAergic interneu-
rons. Why this is so is not yet understood [103]. It seems that G protein- coupling 
efficacy is not an intrinsic property of CB1 receptors, but is feature which depends 
on cell type or where the CB1 receptors are expressed [103]. See Busquets-Garcia 
et al. [103] for a greater discussion. 

CB1 receptors are generally found on the presynaptic terminals of the axons of 
neurons (central and peripheral nerves) that release other neurotransmitters, though 
low levels of CB1 receptors can be found in proximal axonal regions, dendrites, and 
the cell body [22, 116, 117]. CB1 receptors inhibit the release of excitatory and 
inhibitory neurotransmitters including glutamate (excitatory neurotransmitter) and 
GABA (inhibitory neurotransmitter) through coupling to Ca2+ and K+ channels, but 
there are other neurotransmitters that they can affect too including acetylcholine, 
5-hydroxytryptamine (5-HT, serotonin), and norepinephrine (NE) [1, 97, 118, 119]. 
The most common effect of CB1 agonists (e.g., AEA, 2-AG, THC in cannabis) at 
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these sites is inhibition of synaptic transmission by inhibiting neurotransmitter 
release [1]. The effects downstream, then, will depend on whether the neurotrans-
mitter is an excitatory one like glutamate or an inhibitory one, such as GABA.

The ECS is an intelligent system. Glutamate is a key excitatory neurotransmitter, 
and CB1 receptors are located both presynaptically and postsynaptically at glutama-
tergic synapses: this allows control of excessive glutamate release and defense 
against excitotoxicity or overactivation of glutamatergic receptors [100, 120, 121]. 
This can also limit calcium influx and activation of calcium-dependent pathways 
which may be destructive in nature. CB1 receptors are also located on GABAergic 
neurons (which are inhibitory in nature) [121]. Cannabinoids which bind with CB1 
receptors may therefore play a role in glutamate homeostasis [121].

 CB1 Receptors Are More Abundant than Mu-Opioid Receptors
CB1 receptors appear ten times more frequently in the brain than mu-opioid 
receptors, and cannabinoid receptors can co-localize with opioid receptors, aug-
menting the pain-relieving effects of opioids [122, 123]. CB1 receptor agonists 
cause dopamine release in the nucleus accumbens, which may assist in pain dis-
orders, though dopamine release in the mesolimbic dopamine system is seen in 
drugs of abuse [124]. Activation of CB1 receptors is involved in pain modulation 
via inhibition of neurotransmitters including GABA, glutamate, noradrenaline, 
and acetylcholine [34].

 CB1 Receptors and Cerebromicrovascular Endothelial Cells
CB1 receptors are expressed on the cerebromicrovascular endothelial cells, key 
cells that make up the blood-brain barrier. These receptors are involved in ECS- 
mediated vasodilation, astrocytes and microglia, key sources of inflammatory medi-
ators following, for example, a trauma to the brain [92]. Note that CB2 receptors 
and TRPV1 receptors are also expressed on microvascular endothelial cells [100]. 
According to Shohani and colleagues [101], the co-localization of CB1 receptors, 
CB2 receptors, and TRPV1 receptors on brain endothelial cells in humans is sug-
gestive of an ability to affect the functioning of the cerebral microvascular endothe-
lium and a role in regulation of cerebral blood flow and blood-brain barrier 
permeability [101].

 CB1 Receptors in Peripheral Nervous System and Periphery

CB1 receptors are also found in the periphery, as seen in Table 2.2.

 CB1 Receptors in the Peripheral Nervous System
CB1 receptors are also plentiful in the peripheral nervous system, mostly in the 
sympathetic nerve terminals. They have also been found in trigeminal ganglion, in 
dorsal root ganglion, and on neurons of the parasympathetic nervous system [1, 37]. 
CB1 receptors are also present on dermic nerve endings of primary sensory neu-
rons, regulating nociception from afferent nerve fibers [37].
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 CB1 Receptors in the Gut
CB1 receptors are present in the gut and in the enteric nervous system as well as 
non-neuronal cells in the intestinal mucosa [37, 93]. Such non-neuronal cells 
include immune cells, enteroendocrine cells, and enterocytes. CB1 receptors are 
involved in modulating many different gastrointestinal tract functions including 
mobility, gastric fluid secretion, and permeability of the intestinal epithelium and 
neurotransmitters and hormones through both neuronal and non-neuronal mecha-
nisms [37].

 CB1 Receptors in the Skin
CB1 receptors have also been found in the skin, predominantly on cutaneous nerves, 
for example, on large, myelinated nerve fibers in the papillary dermis as well as on 
small nerve fibers associated with hair follicles. They have also been found on nerve 
fibers of the epidermis, though sporadically, and CB1R immunoreactivity has been 
shown in keratinocytes in the stratum spinosum and stratum granulosum, on dif-
ferentiated epithelial cells of infundibulum, and in association with hair follicles 
(the inner hair root sheet). CB1 receptors are also expressed on a portion of CD68- 
positive macrophages and on dermal mast cells. Normal human epidermal keratino-
cytes have the biochemical equipment to synthesize, bind, and metabolize AEA 
[66]. CB1 receptors and TRPV-1 are co-localized on sensory neurons in the 
skin [125].

 CB1 Receptors in the Liver
CB1 receptors are only expressed in very low levels in the liver under normal 
circumstances; however, they become upregulated in different types of hepatic 
cells where they contribute to hepatic insulin resistance, lipogenesis, and fibrosis 
[18, 37].

 Contrary Actions in the Periphery Compared with CNS: CB1 
Receptors in Adipocytes
CB1 receptors have been found in adipocytes, and in a recent study Suarez et al. 
[126], we see a difference between the actions of CB1 receptors there compared 
with in the CNS. In a study in obese rats compared with normal rats, genetic knock-
out of the adipocyte CB1 receptor (mice were bred to not express CB1 receptors) in 
peripheral adipocytes was associated with improvements in metabolism (including 
normalization in insulin resistance and glucose intolerance) which were accompa-
nied by normalization of depressive-like behavior, increased adult neurogenesis, 
and reduced inflammation in the hippocampus and hypothalamus [126]. This study 
supports the role of adipocyte-brain cross-talk in which adipocyte- specific CB1 
receptors are found to be involved in obesity-related depressive-like behavior, adult 
neurogenesis, and neuroinflammation in the hippocampus and hypothalamus [126]. 
These results are in contrast with what has been found when CB1 receptors are 
blocked in the CNS. Rimonabant, a CNS CB1 receptor antagonist marketed as a 
weight loss drug, was removed from the market as it caused depression and suicide 
ideation, indicating that functioning CB1 receptors are required for regulation of 
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mood disorders. Yet in this study, blocking peripheral CB1 receptors on adipocytes 
had the opposite effects, suggesting that activation of CB1 receptors in adipocytes 
is in some way involved in depression, metabolic defects, and neuroinflammation. 
More research in the future will no doubt elucidate how such proposed cross-talk is 
actually mediating such changes.

 Intracellular CB1 Receptors
Although CB1 receptors are mainly localized in the cell plasma membrane, there 
are also intracellular CB1 receptors in many different types of cells including non- 
neuronal cells, undifferentiated neuronal cells, and hippocampal cells. Intracellular 
CB1 receptors located within acid-filled endo/lysosomes have different functional-
ities than those localized to the plasma membrane. These endo/lysosome localized 
CB1 receptors don’t contribute to the subpopulation of CB1 receptors that are 
expressed at the cell surface, that is, they don’t translocate to the plasma membrane. 
On activation, CB1 receptors on endo/lysosomes can increase the release of calcium 
from the endoplasmic reticulum and lysosomes and can increase the permeability of 
lysosomes [37]. These intracellular CB1 receptors work through a different mecha-
nism of action. When activated, CB1 receptors at the cell surface inhibit cAMP 
formation and calcium influx, whilst the internal CB1 receptors mediate signaling 
pathways through β-arrestin [37].

CB1 receptors are also abundant on the outer membranes of mitochondria, the 
intracellular organelle that plays a key role in regulating cellular aerobic metabo-
lism and apoptosis [92]. Activation of mitochondrial CB1 receptors (mtCB1) influ-
ences mitochondrial cyclic adenosine monophosphate (cAMP) accumulation, 
protein kinase A (PKA) activity, complex I activity, and mitochondrial respiration 
[92]. The association between mitochondrial CB1 receptors and mitochondrial 
functioning is important given that mitochondrial dysfunction is implicated in many 
pathological conditions [37]. We will discuss mitochondrial CB1 receptors again 
shortly.

Different Isoforms of CB1 Receptors
To make matters even more interesting, researchers have isolated three different iso-
forms of the CB1 receptor. These are: CB1, CB1a, and CB1b, and they differ in their 
ligand binding and downstream signaling [127]. The CB1a and CB1b isoforms are 
formed due to deletions and alterations in the N-terminal sequence of amino acids 
and therefore are shorter than the CB1 isoform. These isoforms appear to have dif-
ferent expression in the brain and periphery [127]. In the human brain, the main 
isoform was found to be the CB1 isoform and there is a relatively low level of CB1a 
receptors and the CB1b receptors were practically absent. This was the case for vari-
ous brain regions tested including the nucleus accumbens, hippocampus and cortex. 
In skeletal muscle, a similar pattern was found in relation to isoform expression. 
However, in the liver, the CB1b was the main isoform, with 10 times greater expres-
sion compared with CB1 receptor expression. The human CB1b isoform was found 
to be highly expressed in hepatocytes as well as in pancreatic β-cells where it is a 
stronger modulator of adenylyl cyclase activity than the other isoforms [127].Why 
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might this be important? Much research has been conducted into the action of CB1 
receptor agonists, inverse agonists and antagonists in the past. The ECS is overacti-
vated in obesity and reflected in the higher levels of CB1 isoforms present in the liver 
and pancreas. The following research determined that the activity of CB1 receptor 
inverse agonists depends on the specific isoform. In this study, researchers tested 
whether the two main isoforms found in pancreatic β-cells and hepatocytes (the CB1 
and CB1b isoforms) responded differently to a global CB1 receptor inverse agonist 
(rimonabant) compared with a peripherally-restricted CB1 receptor inverse agonist 
(called JD-5037). They found that the binding affinity of rimonabant was slightly 
stronger for the CB1 receptor (around 3 times) but the binding affinity of (peripher-
ally acting) JD-5037 affinity was much stronger for the CB1b receptor (around 30 
times) [127]. They also found that the peripherally acting JD-5037 strongly enhanced 
insulin secretion from isolated human islets in a concentration-dependent way, and 
that rimonabant (centrally acting) stimulated insulin secretion to a lesser extent than 
JD-5037.This is relevant when we start to look at diseases like diabetes. The CB1b 
isoform influences metabolically active tissues and blocking it enhances insulin 
secretion in a glucose- dependent way. The peripheral CB1b receptor isoform was 
shown to have stronger inhibitory action on adenylyl cyclase than CB1 or CB1a iso-
forms, and the researchers postulate that its presence in β-cells probably modulates 
the intensity of cAMP/PKA downstream signaling. Peripheral blockade of CB1 
receptors might result in positive effects on glucose homeostasis, something that has 
been observed in globally- acting inverse agonists previously [127]. Importantly, 
rimonabant’s critical drawback, being a globally-acting CB1 receptor inverse ago-
nist, was that when it was used in humans, it caused significant, serious psychologi-
cal effects which saw it withdrawn from the market as a drug. Therapeutic agents that 
are able to act peripherally might avoid some of these issues. Future research will no 
doubt ascertain whether this is the case or not.

 Functions of CB1 Receptors

CB1 receptors maintain the intricate balance between neuronal inhibition and excita-
tion, in particular in GABAergic, glutamatergic, and dopaminergic transmission 
[14]. In the brain, the action of CB1 receptors in presynaptic neurons largely 

CB1 Receptors in Brainstem: Has Anyone Died of a Cannabis Overdose?
According to the World Health Organization, the absence of mortality due to 
THC may reflect the low density of cannabinoid CB1 receptors in brainstem 
regions that control vital cardiovascular or respiratory functions [41]. Whilst 
this anatomical finding is often used to claim that no one has ever died of a 
cannabis overdose (and indeed this is what is implied by the WHO report on 
THC) [41], this purported lack of deaths associated with cannabis may not, in 
fact, be the case. Deaths due to acute myocardial infarction associated with 
cannabis use have been reported [128]. We explore this topic in the chapter on 
Routes of Delivery, Pharmacokinetics and Safety.
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decreases GABA release (remember GABA is an inhibitory neurotransmitter). In the 
ventral tegmental area, this has the overall effect of facilitating dopamine release, 
where a decrease in the (inhibitory) GABAergic tone facilitates phasic, burst firing of 
dopamine [129]. However, in other areas of the brain like the hippocampus, the CB1 
receptor behaves as an excitatory receptor, increasing the excitatory neurotransmitter 
glutamate [14]. As mentioned previously, CB1 receptors are located both pre- and 
postsynaptically on glutamatergic neurons, and this co-location may serve to regu-
late or control excitotoxicity or overactivation of glutamatergic receptors [121].

As explained by Pamploma and Takahashi [22], research suggests that CB1 
receptors have “functional selectivity” which means they can mediate quantitatively 
and qualitatively different actions for different ligands; this is mediated by induction 
of conformational changes in the CB1 receptor’s structure or selection of specific 
conformations from a pool of heterogeneous receptors. In this way, different endo-
cannabinoids may potentially activate distinct signaling pathways depending on 
their affinity for different CB1 receptor conformational states. Such functional 
selectivity is partly explained by the fact that there are different binding sites on 
cannabinoid receptors [22]. CB1 receptors may be allosterically modulated by 
receptor dimerization and can form homodimers with up to four subunits of other 
CB1 receptors as well as heterodimers with D2 dopamine receptors, mu-opioid 
receptors, A2A adenosine receptors, β2 adrenergic receptors, and OX1 orexin recep-
tors which can interfere with CB1 receptor signaling [22].

Cannabinoid receptors are also mobile, not static—they move in and out of the 
synaptic region dynamically, and this can occur via endocytosis, desensitization, or 
receptor internalization. According to Pamploma and Takahashi [22], receptor 
mobility may mediate the plasticity of this receptor system and may have important 
implications for pharmacodynamic tolerance, with changes in CB1 receptors the 
key mediators of tolerance to cannabinoids. It is known that cannabinoid receptors 
desensitize quickly following high or repeated doses of agonists, and chronic treat-
ment has been associated with rapid reduction in CB1 receptor functionality, bind-
ing sites, or both [22]. This has implications for disease states with endocannabinoid 
dysfunction and potential modulation of the ECS.

CB1 receptors play an important role in neuronal protection. Neuronal CB1 
receptors are abundant on the plasma membranes of neurons. Recent research also 
indicates a substantial presence on neuronal mitochondrial outer membranes [92], 
discussed in the next section. The neuroprotective effects of cannabinoids have tra-
ditionally been assigned to alterations in membranes induced by these plasma mem-
brane CB1 receptors; however, a recent study using a model of traumatic brain 
injury found a relatively small upregulation of plasma membrane CB1 receptors and 
a strong upregulation of mitochondrial CB1 receptors instead in the first 24 h fol-
lowing TBI [92].

 Functions of Mitochondrial CB1 Receptors
The role of mitochondrial CB1 receptors (mtCB1) in traumatic brain injury (TBI) 
has been investigated using various models [92, 100, 101]. The sequelae of TBI 
include metabolic defects and neuronal apoptosis which lead to neurodegenerative 
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processes, with subsequent brain atrophy and impairment of cognition. In cultured 
neurons and mice experiments, mtCB1 were rapidly upregulated after TBI, and acti-
vation of mtCB1 promoted metabolic defects accompanied with a deficit in ATP but 
paradoxically protected neurons from apoptosis. On the one hand, upregulation of 
mtCB1 inhibited the mitochondrial cAMP/PKA/complex I which exacerbated met-
abolic defects, energy insufficiency, and neuronal apoptosis, but on the other hand, 
activation of mtCB1 upregulated mitochondrial AKT/complex V activity which 
alleviated the ATP shortage in metabolic defects and had anti-apoptosis effects [92]. 
Clearly what is happening at the level of the mitochondria as a result of TBI is com-
plex, and future research may elucidate whether phytocannabinoids are able to 
directly impact on mtCB1 activity in a positive way.

 CB2 Receptors

CB2 receptors are found predominantly in peripheral tissues, especially in immune 
cells and organs where they act as immunomodulators; however, they are also pres-
ent in the brain and other parts of the body including cardiovascular, gastrointesti-
nal, bone, neuronal, and liver cells and tissue [13, 65, 73]. There is around 81% 
amino acid sequence identity between rat and human CB2 receptors [130].

 CB2 Receptors and the Immune System
CB2Rs are expressed particularly in cells and organs of the immune system and, 
when activated, can modulate immune cell migration and cytokine release within 
and outside the brain [35]. They are expressed in:

• The immune tissues: including the marginal zone of the spleen, thymus, tonsils, 
gastrointestinal tract

• Nearly all human peripheral blood immune cells (CD4+ and CD8+ T cells, B 
cells, macrophages, monocytes, natural killer cells, and neutrophils) [64], with 
the following rank order of mRNA levels: B cells > NK cells > monocytes > 
PMNs > T cells [65]

CB2 receptors are predominant in leukocytes and are key mediators of cannabi-
noid regulation of the immune and inflammatory systems. For example, stimulation 
of macrophage CB2 receptors inhibits proliferation and release of proinflammatory 
factors and decreased phagocytosis [5].

Endocannabinoid receptor expression in immune cells is influenced by various 
inflammatory and other triggers (e.g., bacterial lipopolysaccharide, LPS). Other 
mechanisms by which inflammatory stimuli can trigger increased endocannabi-
noids in immune cells are through activation of biosynthetic pathways and/or reduc-
ing the expression of the metabolic enzyme(s) which degrade(s) the 
endocannabinoid(s) [65].
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Stimulation of CB2 receptors in cells and tissues of the immune system generally 
leads to protective mechanisms: inflammation or tissue injury triggers rapid 
increases in local endocannabinoid levels, which regulate rapid signaling responses 
in immune cells and other cells, modulating their functions [65]. CB2 activation in 
immune cells usually mediates immunosuppressive effects, attenuating the autoim-
mune inflammatory response, thereby limiting tissue injury, i.e., inhibition of pro-
liferation, apoptosis induction, suppression of cytokine and chemokine production 
and migration of stimulated immune cells, and induction of T regulatory cells [65].

 CB2 Receptors in the Brain
Contrary to what was originally thought, CB2 receptors are expressed in the brain 
and are an important component of the nervous system. CB2 receptors are impli-
cated in controlling proliferation, differentiation, and survival in neural (as well as 
non-neural cells) [131].

CB2 receptor proteins and/or mRNA have been found in many areas of the CNS, 
including the brainstem, pons, cerebellum, cerebral cortex, hippocampus, amyg-
dala, striatum, substantia nigra, thalamus, hypothalamus and olfactory bulb [14, 
132–134]. In addition, new evidence is emerging from animal research that CB2 
receptors may be involved in brain regions that regulate drug addiction. Functional 
CB2 receptors have been found in mouse ventral tegmental area dopamine neurons, 
and activation of these reduces neuronal excitability and reduces cocaine-seeking 
behavior [36].

CB2 receptors are involved in CNS inflammation, part of the pathophysiology of 
several conditions such as schizophrenia [135] and other mental health conditions 
we will examine in later chapters. Incidentally, variations in the CB2 receptor gene 
have also been correlated with risk for psychosis [136].

CB2 receptors are found in microglia and astrocytes [131]. During neuroinflam-
mation, microglia become activated and CB2 receptor levels increased [65]. CB2 
receptor signaling mechanisms include inhibition of adenylyl cyclase, activation of 
MAPK cascades, and activation of the PI3K-Akt pathway [131]. The upregulation 
of CB2 receptors in reactive microglia and astrocytes in response to stimuli that 
provoke local inflammatory processes is thought to be a neuroprotective response to 
control the production of neurotoxic factors by these reactive cells (e.g., nitric oxide, 
proinflammatory cytokines, ROS) [131]. In vitro and animal models of acute and 
chronic neurodegenerative diseases have demonstrated a beneficial effect of CB2 
receptor activation [131]. Animal research also indicates that stimulation of CB2 
receptors is involved in cannabinoid antitumor activity. For example, stimulation of 
CB2 receptors on glioma and/or astrocytoma cells induced apoptosis, and CB2 
receptors may mediate inhibition of angiogenesis and invasiveness of glioma 
through several different pathways [131].

 Unique Features of CB2 Receptors Compared with CB1 Receptors
In the brain, CB2 receptors exhibit several unique features in comparison with CB1 
receptors:
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• Brain CB2Rs have a lower level of expression than CB1Rs.
• Brain CB2Rs are highly inducible. Under certain pathological conditions (e.g., 

anxiety, addiction, inflammation), CB2 expression is rapidly enhanced in the 
brain, suggesting a close relationship between changes in CB2 receptor expres-
sion and various psychiatric as well as neurological disorders.

• Brain CB2 receptors have a specific distribution. Brain CB2 receptors are mainly 
expressed in neuronal somatodendritic areas (postsynaptic); therefore, the acti-
vation of CB2 receptors may lead to opposite effects compared to CB1 receptors. 
For example, CB1 receptors are predominantly expressed on neuronal terminals, 
in particular on presynaptic GABAergic terminals in ventral tegmental area 
(VTA) dopamine (DA) neurons, and their activation reduces GABA release onto 
DA neurons. Since GABA is an inhibitory neuron, this leads to an increase in DA 
neuronal firing through a disinhibition mechanism. In contrast, CB2Rs are 
mainly located on postsynaptic somatodendritic areas, and their activation 
decreases VTA DA neuron firing and excitability [36].

CB2 receptors appear to play an important neuroprotective function. Thus, thera-
pies targeting the CB2 receptor hold promise for the treatment of neuropsychiatric 
and neurological diseases and, as a bonus, avoid the CB1R-mediated side effects [36].

 CB2 Receptors in Other Organs and Tissues
CB2 receptors, endocannabinoids, and their enzymes are present in low levels in 
cardiovascular, gastrointestinal, bone, neuronal, and liver cells and tissue (see 
Table 2.2) and appear to play a limited (if any) role in normal physiological func-
tioning of these organs. However, under pathological states, CB2 expression can be 
markedly upregulated (with increased endocannabinoid levels) as part of an inflam-
matory response [65].

CB2 receptors have been found in cardiomyocytes and in smooth muscle of 
blood vessels. There have been reports linking smoking of cannabis to cardiovascu-
lar events including atrial fibrillation, ventricular arrhythmias, and acute myocardial 
ischemia, though the exact mechanism of the vascular effect of cannabis is presently 
unknown [128].

 CB2 Receptors in Skin
CB2 receptors are also present in our skin, in the following structures:

• Large myelinated nerve fiber bundles of the superficial and deep reticular dermis.
• Small unmyelinated nerves of the papillary dermis.
• Epidermal nerves (sometimes).
• Epidermis: CB2 receptor immunoreactivity has mostly been found in the 

basal layer.
• Undifferentiated cells of the infundibulum.
• Outer hair root sheet.
• Hair follicle bulb [66].
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 Mechanisms of Action of the Endocannabinoid System (ECS)

There are several mechanisms of action by which the endocannabinoids exert their 
effects. The classic understanding that is well documented is what happens within 
the nervous system, and the simplistic understanding there has given way to a much 
more complex picture, as we will see. However, the ECS is involved in just about 
every cell in the body. We will now take a look at some of the ways in which the 
ECS works.

 Classic Understanding of How the ECS Works 
in the Nervous System

In the nervous system, the classic understanding of how the ECS promotes homeo-
stasis, centrally and also peripherally (e.g., enteric nerves), is by reducing the rate of 
neuronal firing or transmission by limiting the release of other neurotransmitters. 
Under normal homeostatic conditions, the endocannabinoids are at low levels; how-
ever, they become synthesized in the postsynaptic neurons in large quantities when 
stimulated in response to, for example, painful stimuli, bacterial or viral infection, 
stress, inflammation, and exercise [5, 137]. To be more specific, endocannabinoids 
are synthesized on demand in the postsynaptic neuron from plasma membrane 
phospholipids in response to increased intracellular calcium concentration and/or 
activated G-coupled receptors [22, 37].

The basal level of 2-AG is much higher (1000 times) than AEA in the brain, and 
thus it is thought that 2-AG is the primary endogenous ligand for cannabinoid recep-
tors throughout the CNS. AEA, however, still plays a role in synaptic transmission 
as it can activate TPPV1 and inhibit L-type calcium channels, and it can negatively 
regulate the biosynthesis of 2-AG and physiological effects in the striatum [37].

In the nervous system, the endocannabinoids travel in a retrograde manner and 
bind with cannabinoid receptors on presynaptic terminals, acting as “retrograde 
messengers” (in the brain, these cannabinoid receptors are predominantly CB1 
receptors which are in greater abundance). Whilst it is thought that this endocan-
nabinoid retrograde signaling is mainly mediated by 2-AG, AEA produced in post-
synaptic terminals can also activate presynaptic CB1 receptors as well as other 
non-cannabinoid receptors [37]. The endocannabinoids, mainly 2-AG, easily cross 
the membrane of the postsynaptic terminal into the synaptic cleft (where cells other 
than neuronal cells are involved elsewhere, this would be the intracellular space). 
However, since they are derived from lipid precursors and are uncharged and hydro-
phobic, they cannot diffuse freely, and it is believed they either diffuse via concen-
tration gradients generated or via endocytosis involving caveolae/lipid rafts via 
carrier proteins (e.g., fatty acid-binding proteins and heat shock protein) [37]. More 
research is needed to elucidate the exact mechanisms.

CB1 and CB2 receptors are coupled to Gi/o proteins. Binding of endocannabi-
noids to the cannabinoid receptors suppresses the release of neurotransmitters by 
inhibiting voltage-gated calcium channels (L, N, P, Q types) (which then reduce 
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presynaptic calcium influx) as well as activating K+ channels and by inhibiting 
adenylate cyclase and the cAMP/PKA pathway levels [22, 37]. Binding of the endo-
cannabinoids to the cannabinoid receptors essentially causes suppression of neuro-
nal excitation and inhibition of depolarization-induced neurotransmitter release, 
including monoamines, amino acids, and neuropeptides [22]. What happens down-
stream depends on whether the neurotransmitter is excitatory (e.g., glutamate) or 
inhibitory (e.g., ϒ-aminobutyric acid, GABA) [1, 22].

The additional 2-AG in the synaptic cleft is taken up into the presynaptic termi-
nals, though exactly how this is done is not clear, and is then (predominantly) 
degraded by monoacylglycerol (MAGL) into arachidonic acid and glycerol (as dis-
cussed earlier, it is also degraded by other pathways). AEA is degraded by fatty acid 
amide hydrolase (FAAH) within the presynaptic terminal (or within cells in the case 
of non-neuronal signaling) into arachidonic acid and ethanolamine [37].

 Complexity of the ECS: Multiple Signaling Pathway Involvement

Now that we have explored the mechanism by which the ECS works in the previous 
section, we now want to explain that this traditional view (i.e., that CB1 receptors 
are presynaptic inhibitory receptors acting through Gi/o proteins to inhibit neu-
rotransmitter release) is likely to be an oversimplification [22].

Typically, CB1 and CB2 receptors mostly couple to G-protein type Gi/o, inhibit-
ing the activity of adenylate cyclase, formation of cAMP, and activity of protein 
kinase A (PKA). This can suppress calcium influx via voltage-gated calcium chan-
nel (VGCC). However, under certain circumstances, and in a cell type and ligand- 
dependent way, CB1 receptors can switch its coupling from Gi/o to Gs or Gq [37].

CB1 and CB2 receptors can activate multiple intracellular signal transduction 
pathways. These can include (depending on cell type) protein kinase A, protein 
kinase C, Raf-1, JNK, mitogen-activated protein kinases (MAPKs), p38 MAPKs, 
extracellular signal-regulated kinase (ERK 1, 2), c-fos, c-jun, phosphoinositide 
3-kinase (PI3K)/protein kinase B (Akt) pathways, mammalian target of rapamycin 
(mTOR), and many others [37, 138, 139]. Adenylate cyclase and cyclic AMP- 
protein kinase A (PKA signaling) can also be inhibited [139].

These cellular pathways induce a corresponding change in the function of the 
cell, tissue, or organ involved [139], and depending on the ligand and subcellular 
environment, the outcome of this could be promotion of cell survival or cell 
death [37].

There is increasing evidence of the sophistication of the ECS’s ability to fine- 
tune its actions. For example, the ability of CB1 receptors to signal other unrelated 
G-proteins (CB1 receptors can also signal via excitatory Gs proteins and stimulate 
adenylate cyclase and increase formation of cAMP) might be the way in which the 
body mediates fine-tuning of synaptic activity induced by CB1 activation [22, 140].

Another example of the fine-tuning involved in the ECS is in the enteric nervous 
system. Whilst endocannabinoids, in particular 2-AG, are retrograde transmitters in 
the brain, in the enteric nervous system, they are also involved in synaptic control 
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that uses two retrograde messengers working in the opposite direction to control 
synaptic strength—these are the endocannabinoids themselves plus a purine nucle-
otide [18].

We can also see that there are widespread cannabinoid receptor-independent 
effects of endocannabinoids. Endocannabinoids have effects on voltage-gated ion 
channels including L-type Ca2+, Na+, and K+ channels, and they can interact with 
ligand-gated ion channels including 5HT3 receptors, nicotinic acetylcholine recep-
tors, glycine receptors, ionotropic glutamate receptors, and TRP channels [119].

The view of metabotropic receptors as simple on/off switches of a single trans-
duction system has been superseded by the view that G-protein coupled receptors 
are functionally diverse and adapt to ligands rather than being statically selected by 
them and with the cellular environment playing a critical role in receptor pharma-
cology. As further explained by Pamploma and Takahashi [22], there may be 
“microdomains” in the cell membrane with specialized lipid compositions (called 
caveolae and lipid rafts) which may play roles in endocannabinoid signaling pro-
cesses, like modulating cellular uptake of endocannabinoids, regulating the CB1 
receptors’ affinity for endocannabinoids, and affecting the activity of enzymes 
responsible for endocannabinoid synthesis.

In addition, the complexity of cannabinoid signaling is increased by two factors: 
biased agonism of the cannabinoid receptors and their potential of forming het-
eromers (with each other or with other G-protein-coupled receptors).

 Biased Agonism
Biased agonism is where the same receptor demonstrates signaling preference 
among the possible second messenger pathways, and this depends on the ligand. For 
example, the CB1 receptor usually signals through the Gαi protein leading to 
decreased cAMP and activation of the β-arrestin 1 and β-arrestin 2 pathways; how-
ever, signaling bias is where the ligand prefers (and activates with higher relative 
efficiency) the β-arrestin pathways over the G-protein-coupled pathway (or vice 
versa). In other cases, coupling to Gαs, Gαq, or Gα12/13 proteins has been demon-
strated (with consequent increased cAMP levels, activation of phospholipase C, or 
Rho pathway, respectively) [8].

 Heteromers
G-protein-coupled receptors are generally made up of several alpha-helical seg-
ments linked together in a single-folded chain to form the receptor complex. 
However, several G-protein-coupled receptors can form heteromers from a combi-
nation of two or more individual G-protein coupled receptor subunits, especially if 
these are densely expressed in the same neuron. Heteromers can form between 
receptors from the same family, e.g., dopamine D1/D2 heteromers, or they can form 
between unrelated receptors, and homo- or heteromerization of receptors leads to 
intramembrane interactions [8, 141]. Essentially, the pharmacology for agonists 
and/or antagonists of a particular receptor typically changes when it forms a het-
eromer with another receptor or when the partner receptor in the heteromer is acti-
vated, as a result of the conformational changes in the receptors that occur in the 
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receptor-receptor interface [141]. The CB1 receptor can form functional heteromers 
with several different types of receptors including δ opioid receptor, A2A receptor, 
D2 receptor, orexin-1 receptor, and others, whilst CB2 receptors have been shown to 
be able to form heteromers with CXCR4 chemokine receptors or GPR55 [8].

 The ECS in Non-neural Cells

In non-neural cells, there are other mechanisms of action by which the ECS works. 
For example, CB1 and CB2 receptors located on enteroendocrine cells, immune 
cells, and the intestinal epithelium mediate the actions of the endocannabinoids 
through several mechanisms. These include inhibiting release of enteroendocrine 
hormones (enteroendocrine cells), suppressing immune activation (immune cells), 
and regulating tight junctions (intestinal epithelial cells) [18].

Another example of non-neural locations of the ECS is human primary leuko-
cytes, where CB2 receptors demonstrate complex signaling, activating adenylate 
cyclase via stimulatory Gαs along with the classical Gαi signaling, and induce 
ERK, p38, and pCREB pathways [142].

In the immune system, there is cross-talk between different types of immune 
cells involving bioactive lipid molecules, including endocannabinoids. 
Endocannabinoids can bind to cannabinoid receptors and cooperate with other sig-
naling molecules, thereby modulating the functions of the immune cells—this is 
particularly true in relation to the adaptive immune response [18]. 2-AG, for exam-
ple, has been found to act via CB2 receptors, to inhibit the migratory activities of 
many immune cell types. 2-AG has been found to induce a rapid and transient 
increase in levels of intracellular free calcium in human HL-60 macrophage-like 
cells, whilst AEA has been found to inhibit immune function activities such as the 
production of proinflammatory cytokines [18].

 ECS Signal Transmission Via Microvesicles

Another mechanism of action of ECS signaling involves microvesicles. Extracellular 
vesicles play a fundamental role in signal transmission in the CNS, but many other 
different cell types can also release microvesicles, and these mediate intercellular 
communication [143]. The involvement of microvesicles in the mechanism of action 
of the ECS has been demonstrated in fascial cells and myofascial pain.

For years, myofascial pain, something that affects up to 85% of people at least 
once in their lives [144], was thought to only involve muscle. Fascia is now believed 
to be important in myofascial pain. The ECS is active in myofascial tissue, and 
human fasciae express both CB1 and CB2 receptors [94]. A recent study found that 
a synthetic CB2 agonist led to the production of hyaluronan and hyaluronic acid- 
rich vesicles within a few hours in an in vitro culture of fascial fibroblasts and that 
after 4 h, these vesicles rich in hyaluronan were visible in both the cytoplasm and 
extracellular space, demonstrating rapid release into the extracellular environment 
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[143]. Blockade with a CB2 antagonist blocked the vesicle production, confirming 
that the release of hyaluronan is a cannabinoid-mediated effect (mediated by the 
CB2 receptor) [143].

This research demonstrated that fascial cells respond to the ECS, regulating and 
remodeling the extracellular matrix. Hyaluronan is a key component of the extracel-
lular matrix and is critical in remodeling [145], as well as playing a crucial role in 
tissue regeneration [146]. An increase in hyaluronan secreted leads to greater fluid-
ity of tissue by facilitating gliding between fascial layers in and beneath the deep 
fascia during movement [147]. The exciting outcome of this research is that it dem-
onstrates that the mechanism of action by which cannabinoids affect pain percep-
tion is not just via the CNS but also via direct peripheral effects which result in 
structural modification of fascial tissue [143].

The abovementioned examples are some of the ways in which the ECS works 
within the body. As you can see, it is incredibly complex.

 Other Receptor Targets for Endocannabinoids

The ECS is often modeled as a key-in-a-lock simile, but this is overly simplified 
because most of the half dozen endocannabinoids and phytocannabinoids have mul-
tiple receptor targets with both direct and indirect effects. Other receptors for endog-
enous and exogenous cannabinoids outside the ECS have also been found, such as 
the transient receptor potential cation channel subfamily V member 1 (TRPV1), G 
Protein-coupled Receptor (e.g., GPR55, GPR119), and peroxisome proliferator- 
activated receptors (e.g., PPAR-α, PPAR-γ) [1]. PPAR-α and PPAR-γ, for example, 
are found in the cell nucleus, and they move backward and forward to the cytosol in 
a “ligand-dependent” manner [18].

Some researchers have found that endocannabinoids can simultaneously activate 
several receptors on the same cell, for example, CB1 receptors and TRPV1 or CB1 
receptors plus TRPV1 and PPAR-γ receptors. What is very interesting is that only 
the interaction with all these receptors produced the complete action of the endo-
cannabinoids [66, 148]. This then provides food for thought in relation to the action 
of phytocannabinoids and the other plant nutrients found in Cannabis sativa, which 
we explore in a subsequent chapter.

As mentioned previously, there are also many non-receptor targets for the endo-
cannabinoids including ion channels and other important membrane proteins which 
the endocannabinoids can alter directly [119].

 TRPV1 Receptors
It is important to remember, as we examine the role of the endocannabinoids, the 
fact that they bind with many other non-cannabinoid receptors. The ECS extends 
beyond the simplistic idea of endocannabinoids, CB1 and CB2 receptors, and their 
synthesizing and degrading enzymes. As mentioned previously, AEA binds with 
transient receptor potential vanilloid 1 (TRPV1) receptors, and under some circum-
stances, AEA may have a higher affinity at TRPV1 receptors rather than CB1 
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receptors [22, 149]. When we examine the components of Cannabis sativa in a later 
chapter, we also find that some of the active constituents there bind with TRPV 
receptors too.

The transient receptor potential (TRP) cation channel family has seven subfami-
lies that are widely expressed in mammalian tissues: TRPV (vanilloid), TRPC 
(canonical), TRPN (no mechanoreceptor potential C), TRPM (melastatin), TRPML 
(mucolipin), TRPP (polycystin), and TRPA (ankyrin) [150, 151]. TRP channels 
mediate the flux of calcium, sodium, and other cations across cell membranes and 
also mediate nonionic signaling mechanisms [150]. Abnormalities in TRP channel 
functions have been implicated in many diseases including chronic pain, cardiovas-
cular disease, cancer, and others [150].

Within the TRPV subfamily, there are six members, 1–6, with only TRPV1 actu-
ally activated by vanilloids such as capsaicin (the active constituent of chilli) [151]. 
TRPV1 receptors are Ca2+-permeable, nonselective ion channels, primarily 
expressed in sensory neurons of the dorsal root of the spinal cord and the trigeminal 
ganglion; however, they are also found in brain neurons (e.g., hippocampus and 
periaqueductal gray matter) and non-neural cells and tissue [1, 22, 151, 152]. 
Examples of non-neural sites include epithelial cells (keratinocytes, urothelium, 
gastric epithelial cells, enterocytes, pneumocytes), vascular endothelium, immune 
cells (mast cells, T cells), smooth muscle, fibroblasts, and hepatocytes [151, 153]. 
The presence of TRPV1 in areas of the brain such as the CA1 area and dentate gyrus 
of the hippocampus suggests a role in CNS modulation [152].

TRPV1 is a polymodal sensory signal detector, activated by both physical and 
chemical stimuli including heat, low pH/acidosis (pH < 6), reactive nitrogen spe-
cies, and oxidative stress, plus several chemicals, in particular capsaicin [152, 154]. 
For this reason, it is also known as the capsaicin receptor. It serves as the primary 
heat and capsaicin sensor in humans [155]. TRPV1 is found within the somatosen-
sory system, and is expressed in particular by sensory ganglion neurons or primary 
afferent neurons that respond to damaging or potentially damaging stimuli (noci-
ceptors),  key components at the beginning of the pain pathway [156, 157]. 
Stimulation of TRPV1 causes a burning sensation, reflective of its role in pain path-
ways [157]. TRPV1 appears to be upregulated in several diseases including inflam-
matory bowel disease, irritable bowel syndrome, mastalgia, and others [154].

TRPV1 receptors are understood to play a role in pathogenesis of seizures, with 
calcium ion accumulation in neurons in the hippocampus contributing to the etiol-
ogy of epilepsy [152, 158]. TRPV1 is expressed in those areas of the brain associ-
ated with epilepsy including the CA1 area and dentate gyrus of the hippocampus 
[152]. Research indicates that TRPV1 can regulate the dynamics of dopaminergic 
neuronal function and neurotransmission at several levels and, thus, might be a 
promising pharmacologic target for conditions associated with hyper-dopaminergic 
states like schizophrenia and ADHD [159].

AEA has been found to be a full agonist at TRPV1. AEA and capsaicin have 
similar binding affinities at TRPV1, and it has been posited that AEA may bind in 
the same location [160, 161]. This may have implications for suppression of pain 
sensitivity.
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Another dimension of effect is added, in that TRPV1 co-localizes and interacts 
with CB1 receptors in sensory and brain neurons and with CB2 receptors in sensory 
neurons, which allows intracellular cross-talk between ligands that activate both 
types of receptors [1].

 Peroxisome Proliferator-Activated Receptors (PPARs)
Peroxisome proliferator-activated receptors (PPARs) are ligand-activated tran-
scription factors, part of the nuclear receptor superfamily [35]. There are three 
isoforms: PPAR-α, PPAR-β, and PPAR-ϒ. PPARs are believed to be generalized 
lipid sensors which monitor local changes in metabolism and energy homeostasis, 
inflammation, and cell differentiation [1, 22]. Whilst much of the research has 
focused on their role as transcriptional regulators of lipid and glucose metabolism, 
there is also evidence of their role in regulation of other systems. For example, 
PPARs are involved in skin homeostasis (all three isoforms are found in skin) 
[162]. PPARs are involved in inflammation, and PPAR-α and PPAR-ϒ agonists 
have been found to have anti-inflammatory actions [163]. The different PPAR sub-
types are involved in many diseases including diabetes, atherosclerosis, cancer, 
and fertility [163].

AEA binds to PPAR receptors [22], and two of the other N-acyl ethanolamines, 
oleoylethanolamide (OEA) and palmitoylethanolamide (PEA), are strong agonists 
of PPAR-α. Fatty acids and their derivatives (e.g., oleic acid, arachidonic acid, leu-
kotriene β, prostaglandin J2) are also PPAR agonists [1].

 GPR55 Receptors
G-Protein-coupled Receptor 55 (GPR55), highly expressed in the brain, was posited 
as another endocannabinoid receptor because some effects of compounds thought to 
be specific for CB1 or CB2 receptors appeared to act independently of them [1]. 
GPR55 is now considered a de-orphanised receptor that may be involved in devel-
opmental processes. For example, it has been shown to regulate growth of cones and 
axons in the retina [164]. GPR55 is also involved in seizures [158]. AEA and 2-AG 
are both agonists of GPR55 [165, 166]. Cannabidiol (CBD), one of the key active 
constituents of Cannabis sativa, may be an allosteric modulator of GPR-55 [14] or 
an antagonist [1]. THC does not act directly on this receptor [14].

When activated, GPR55 triggers many different effects in cells, depending on 
cell type [167]. Increased GPR55 receptor levels have been implicated in inflam-
matory bowel disease, cancer, and inflammatory and neuropathic pain [167–171]. 
Mice bred to have no GPR55 receptors have been found to have lower levels of 
inflammation and inflammatory and neuropathic pain [170]. Animal research sug-
gests that blockage of GPR55 by cannabidiol (CBD, one of the key active con-
stituents of Cannabis sativa) may underlie the mechanism by which it can reduce 
bowel inflammation [167, 169] and symptoms associated with Dravet syndrome, 
a severe form of epilepsy [172]. On excitatory axon terminals, GPR55 facilitates 
the release of the excitatory neurotransmitter glutamate. The mechanism by which 
CBD may reduce seizures is through blocking GPR55 activation, thereby 
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reducing excess presynaptic glutamate release from hyperactive excitatory neu-
rons [1].

 The Endocannabinoid System in Neuroprotection

Before we delve into later chapters on mental health conditions where we are exam-
ine the pathophysiology involved within various brain structures, we will briefly 
discuss the role of ECS in neuronal homeostasis and neuroprotection in more gen-
eral terms. Neuroprotection is, of course, particularly relevant in relation to neuro-
degenerative conditions such as Huntington’s disease or Parkinson’s disease or 
conditions such as traumatic brain injury, each of which may be associated with 
dementia.

As set out well in Sagredo and colleague’s paper [121], described here briefly, 
the ECS plays a key role in neuronal homeostasis and survival. Scientific research 
evidence indicates that when brain damage occurs, our bodies generate endocan-
nabinoids in response, accompanied by an upregulation of receptors (including CB2 
receptors), as well as modifications to intracellular signaling pathways involved in 
cell repair, homeostasis, and survival. In this way, neurons and glial cells limit the 
extent of potential damage due to cytotoxic processes including inflammation, oxi-
dative stress, and excitotoxicity which may occur in, for example, neurodegenera-
tive conditions. The ECS is intelligently designed to effect homeostasis and 
neuroprotection, with key components of cannabinoid signaling located in cellular 
and molecular substrates critical for neuronal survival. As mentioned earlier, it has 
been found that CB1 receptors are located both pre- and postsynaptically at gluta-
minergic synapses, a mechanism to control excess excitation and limit activation of 
damaging calcium-dependent pathways. Meanwhile, other studies indicate that 
activation of CB2 receptors located in microglia and astrocytes may play a neuro-
protective role to limit neuronal damage by decreasing release of proinflammatory 
cytokines, nitric oxide, and reactive oxygen species by activated microglia and 
increasing anti-inflammatory cytokines and pro-survival molecules (e.g., neuro-
tropic factors) [121]. For the details of individual studies demonstrating these find-
ings, see Sagredo et al. [121].

 Development and the Endocannabinoid System

There are critical time points in the development of the brain where neural plasticity 
is high, and evidence indicates that the ECS is critically involved in brain develop-
ment. This is important to understand, since exposure to environmental stress 
including the smoking of cannabis at critical times can lead to dysfunctional regula-
tion of emotions. To understand how this might occur, we need to understand some-
thing of how the brain and the ECS develop.
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 The ECS in Early Life

Human reproduction is under the control of endocannabinoid signaling. The ECS 
regulates the functionality of the hypothalamus-hypophysis-gonads axis, as well as 
regulate the reproductive system locally in males and females [72]. The ECS is widely 
distributed in the reproductive tract, being present from early embryonal stages and 
throughout prenatal and postnatal development [173]. The ECS is essential for life: it 
is involved in gametogenesis, successful embryonal passage through the oviduct and 
implantation in the uterus, as well as development of the fetus [173, 174]. AEA 
appears to be involved in synchronization of the embryo-endometrial development for 
planned implantation, development of the embryo into the blastocyst, as well as 
embryo transport across the fallopian tubes, though the mechanisms by which AEA 
does this are unclear [174]. In males, the ECS is involved in regulation of spermato-
genic output, sperm viability, and motility [72]. Clearly, in order for successful fertil-
ization of an egg to take place, the ECS of both parties needs to be functioning.

During the fetal stage and postnatal life, the ECS plays an important role in neu-
rodevelopment, as well as neuroprotection, and brain plasticity and repair [11, 173, 
175,  176]. In the fetus, the endocannabinoids and especially the CB1 receptors are 
important for brain development [173]. In mice, CB1 receptors are highly expressed 
in early fetal stages, starting as early as the first day of embryonic life [177]. 
Expression of CB1 receptors varies with brain region and may continue to increase 
after birth into adulthood in some areas and decrease in others [176].

In the developing cerebral cortex, establishment of functional structure and con-
nectivity depends on three main developmental events: (1) proliferation and differ-
entiation of neural progenitors, leading to development of neuronal subtypes; (2) 
migration of neurons to specific locations; and (3) establishment of synaptic con-
nections between neurons following neuronal differentiation [176]. The ECS regu-
lates neural progenitor differentiation and guides neuronal and glial migration, 
elongation of axons, and synaptogenesis [173, 176, 178]. After birth, the ECS con-
tinues to be involved in neurodevelopment and brain maturation. Activation of CB1 
receptors by AEA and 2-AG stimulates pruning of synapses, refining the neuronal 
phenotype [1].

Endocannabinoids, in particular 2-AG, are present in maternal milk [173]. CB1 
receptor activation by 2-AG is understood to play a critical role in initiation of milk 
suckling in mouse pups, which may be by enabling innervation and/or activation of 
tongue muscles [173].

In studies, perinatal manipulation of the ECS through cannabis use has been 
found to alter neurotransmitter and behavioral functions in offspring, and that these 
sequelae are similar to effects of prenatal stress. This, then, suggests that cannabi-
noid exposure may interfere with the ability of the fetus to cope with stress [173]. 
Studies of the offspring of mothers who used cannabis during pregnancy have found 
detrimental effects including increased risk of sleep disorders [179, 180] and autism 
[181], though an observational study found no detrimental effects on development 
of Jamaican children born of mothers who smoked cannabis during pregnancy [182].

We discuss the potential negative effects in more detail in the overview chapter 
on medicinal cannabis.

Development of the Endocannabinoid System
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 The Adolescent Brain and the ECS

Adolescence is a period of much change within the brain’s nervous system, with 
experience-dependent synaptic pruning occurring, and at this time, the adolescent 
brain is particularly vulnerable to environmental influences and stresses [175]. 
Endocannabinoids within different brain areas undergo specific patterns of develop-
ment, and these appear gender-dependent [175]. For example, CB1 receptors in the 
prefrontal cortex are at a maximum during early adolescence and then gradually 
decrease to adult levels, whilst in the limbic areas, declines in CB1 receptors occur 
gradually in adolescence, and in sensorimotor areas, the changes don’t occur until 
mid-late adolescence [175, 183]. The prefrontal cortex matures last in the adoles-
cent brain. This area is vital for many cognitive functions including executive func-
tioning and mental health, including managing stress responses and anxiety [175].

The brain of the adolescent undergoes extensive maturation, associated with sig-
nificant reorganization and maturation of the ECS. Cortical development involving 
synaptic pruning requires normal endocannabinoid function; in fact, endocannabi-
noids regulate cortical activity right throughout life [184]. At this time of change in 
the adolescent brain, synchronized neural network activity (termed “cortical oscil-
lations,” which underpin cognitive and sensory processing) matures, and the ana-
tomical and physiological functions of neural networks develop. It is believed that 
endocannabinoids are involved in the regulation of these network activity pat-
terns [175].

Research indicates that CB1R mRNA peaks between the time of neonate and 
toddler and then decreases until adulthood. DAGLα mRNA expression is lowest in 
early life and adulthood and peaks between school age and young adulthood [184]. 
MAGL (enzyme that degrades 2-AG) expression peaks in infancy and then declines 
thereafter, whilst FAAH (enzyme that degrades AEA) increases after infancy and 
peaks in adulthood [184]. The higher mRNA levels of FAAH that occur after ado-
lescence suggest that a late developmental switch occurs, where AEA is more 
strongly regulated after adolescence than in earlier life stages. Expression of key 
genes in the ECS alters with maturation of cortical function [184].

An important point to understand is that in early life, the brain is particularly 
impressionable and vulnerable due to this high level of neural plasticity. Stress in 
early life can alter the development of the ECS and cause sustained deficits in func-
tion, in particular in areas such as the hippocampus which are involved with regula-
tion of stress and emotions [11].

 Endocannabinoid System Dysfunction and Disease

 The Concepts of Endocannabinoid Tone 
and Endocannabinoid Deficiency

Ethan Russo first coined the term “endocannabinoid deficiency syndrome” in 2001 
[185, 186]. This theory  is founded on the idea that we have an inherent 
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“endocannabinoid tone” which refers to the levels of endocannabinoids; their pro-
duction, metabolism, and relative abundance; and state of our endocannabinoid 
receptors. Under certain conditions, endocannabinoid tone becomes deficient and 
leads to a host of clinical conditions. These deficiencies can be due to genetic causes 
or may be acquired due to intercurrent injury or disease Russo [186]. The basis for 
this theory is that many brain disorders are associated with neurotransmitter defi-
ciencies (e.g., acetylcholine in Alzheimer’s disease, serotonin and norepinephrine in 
depression) and that a similar deficiency in endocannabinoid levels might be present 
in particular disorders that display predictable clinical features as a consequence 
[186]. As explained by Russo [186], when he first proposed this theory, it was based 
on a few factors: genetic overlap and comorbidity, symptomatology patterns that 
were able to be mediated by the ECS, and findings that phytocannabinoids often 
remedied symptoms. However, since then more objective data lends credence to his 
theory, including findings of significant differences in levels of AEA in cerebrospi-
nal fluid in migraine sufferers and imaging studies demonstrating a hypofunctioning 
of the ECS in post-traumatic stress disorder [186].

However, there are diseases in which the ECS is hyperactive, including particular 
cardiovascular diseases [187]. Therefore, it might be better to describe pathology 
involving the ECS as “ECS dysfunction,” which encompasses ECS deficiency.

 Diseases in Which ECS Dysfunction Is Implicated

Deficiency or dysfunction/dysregulation of the ECS has been implicated in many 
acute and chronic conditions including (but not limited to) the following conditions, 
set out below. This list is simply illustrative of the wide variety of clinical conditions 
in which the ECS is involved and is by no means exhaustive.

Depression, anxiety, bipolar, PTSD Brachial plexopathy
Alzheimer’s disease Glaucoma, uveitis
Schizophrenia Seizure disorders
Traumatic brain injury Causalgia
Migraine Neonatal failure to thrive syndrome
Multiple sclerosis Repetitive miscarriages
Huntington’s disease Infantile colic
Parkinson’s disease Autoimmune disease, e.g., rheumatoid arthritis
Amyotrophic lateral sclerosis Allergic asthma
HIV-associated dementia Allergic dermatitis
Irritable bowel syndrome Insulin resistance, diabetes, obesity
Chronic motion sickness Osteoporosis
Fibromyalgia Cardiovascular disease
Anorexia Nephropathy
Dysmenorrhea Pancreatitis
Hyperemesis gravidarum Psoriasis
Phantom limb pain Autism spectrum disorder, ADHD

Russo [186, 188]; McPartland et  al. [10]; Pacher and Mechoulam [65]; Del Rio et  al. [189];  
Di Marzo et al. [190]; Aran et al. [225]; Cooper et al. [191]) 
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Dysregulation of endocannabinoid-CB2 signaling more specifically has been 
implicated in many pathological conditions including cardiovascular, gastrointesti-
nal, liver, kidney, lung, neurodegenerative, pain, psychiatric, cancer, bone, repro-
ductive system, and skin pathologies [65]. Polymorphisms (genetic variability) in 
the ECS including in CB1 and CB2 receptors and FAAH, the enzyme that degrades 
AEA, have been linked to several diseases in humans including drug and alcohol 
abuse, schizophrenia, obesity, and anorexia nervosa [192].

Inflammation, which underpins most chronic illness in some way, is a constant 
balance between proinflammatory and anti-inflammatory substances, and endocan-
nabinoid and eicosanoid signaling are involved in its homeostatic regulation [193]. 
Thus, it is not surprising to find the extensive list of diseases in which ECS dysregu-
lation is implicated. This includes depression which is associated with a hypoactiv-
ity of the ECS and increased inflammatory markers [193].

Polymorphisms in the genes for CB1 receptors (CNR1) have been linked to dif-
ferent diseases including schizophrenia and depression in Parkinson’s disease, and 
polymorphisms in the gene for CB2 receptors (CNR2) have been linked to post-
menopausal osteoporosis [35].

 Endocannabinoid System Dysfunction and Mental Health

Russo speaks of the role of an endocannabinoid system (ECS) deficiency in relation 
to mental health problems. For example, major depression is now thought of less as 
a failure of monoamine neurotransmission and more as disorder of CNS plasticity, 
a condition associated with inflammation, or even a degenerative disease, directly 
linked to hypo-functioning of the ECS [186, 193, 194]. Animal experiments have 
found that stress-induced anxiety is significantly negatively correlated with AEA 
levels and that application of a FAAH inhibitor (remember FAAH degrades AEA) 
reverses the expression of anxiety-like behaviors [195].

A dysregulation of the ECS has been implicated in several mental health condi-
tions including depression, anxiety, PTSD, Alzheimer’s disease, and schizophrenia. 
For example, the association between endocannabinoid signaling dysfunction and 
schizophrenia is supported by several studies indicating abnormal endocannabinoid 
levels in cerebrospinal fluid (CSF) and plasma and CB1 receptor expression [196]. 
In one study, CSF AEA levels were found to be eight times higher in anti-psychotic- 
naïve, first episode paranoid schizophrenics than in controls or those with dementia 
or affective disorder. This elevation of AEA was absent in schizophrenics treated 
with typical antipsychotics (which antagonize dopamine D2-like receptors), but it 
remained in schizophrenics treated with atypical antipsychotics (which antagonize 
5HT2A receptors). Level of AEA in the CSF was found to be inversely correlated 
with psychotic symptoms (p = 0.001), suggesting the increased AEA levels in acute 
paranoid schizophrenia may reflect a compensatory adaptation [196].

The ECS is involved in regulation of stress and emotions, in particular via its 
actions in regulating the corticolimbic system and HPA axis, discussed in the next 
chapter. We will examine the role of the ECS and ECS dysfunction in relation to 
several mental health disorders in the chapters devoted to those conditions.
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 Omega 3 and 6 PUFAs in the Brain Health

After adipose tissue, the highest concentration of lipids is found in the central ner-
vous system (CNS). Omega 3 and Omega 6 polyunsaturated fatty acids (PUFAs) are 
particularly represented in the brain, with lipids constituting 50–60% of the dry 
weight of the brain. There is a short chain form of Omega 3 PUFA (α-linolenic acid, 
ALA) and long-chain forms: docosahexaenoic acid (DHA) and eicosapentaenoic 
acid (EPA). Omega 6 PUFAs are divided into a short chain form (linoleic acid, LA) 
and a long-chain form, arachidonic acid (AA). DHA accounts for 10–15% of the 
total fatty acids in both male and female human brains [197]. Thus, PUFAs are 
essential to normal development and functioning of the CNS [198].

 Diet and Importance of Omega 3 Fatty Acids for a Healthy ECS
There is a growing evidence base of the importance of polyunsaturated fatty acids 
(PUFAs) in the pathogenesis of many mental health conditions including anxiety 
and depression [198]. Omega 3 PUFAs modulate neurobiological processes involved 
in these two conditions. Potential pathomechanisms include the activity of the 
(PUFA-derived) ECS and the HPA axis [198].

It is known that low dietary levels of DHA (Omega 3 PUFA) have been found to 
be associated with increased risk of developing neuropsychiatric diseases, though 
until recently, the mechanisms of action were largely not well understood [199]. A 
deficiency in Omega 3 PUFAs to the brain has been associated with mental health 
conditions such as anxiety and depression [135].

 Studies Linking Omega 3 Deficiency and Mental Health Conditions
Both epidemiological studies [200] and clinical studies link depression, anxiety, and 
schizophrenia with significantly lower levels of Omega 3 PUFAs and a higher ratio 
of Omega 6/Omega 3 in the blood and brain [201–203]. For example:

• Lower erythrocyte membrane levels of Omega 3 PUFAs and higher Omega 6/
Omega 3 ratios were found in non-depressed patients with social anxiety disor-
der compared with controls, with a negative correlation found between Omega 3 
PUFA levels and anxiety scores [201].

• Current comorbid depressive and anxiety disorder patients and pure depressive 
disorder patients were found to have lower Omega 3 PUFAs than controls, 
though Omega 6 levels were no different. Changes in PUFA levels were not 
associated with pure anxiety. Interestingly there was no difference in PUFAs 
between patients in remission and controls [204].

• A meta-analysis found significantly lower levels of EPA, DHA, and total Omega 
3 PUFAs in 3318 depressed patients [205].

Postmortems in brains of patients who had suffered from major depressive disor-
der [197] and bipolar disorders [206] and depressed suicide victims [207] have 
revealed lower levels of DHA in the orbitofrontal cortex (major depressive and 
bipolar disorders) or prefrontal cortex (suicide victims). Reduced expression of 
fatty acid biosynthesis genes has been found in the prefrontal cortex of patients with 
major depressive disorder [202].

Endocannabinoid System Dysfunction and Disease
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Animal studies have also demonstrated diets deficient in Omega 3 PUFAs induce 
depressive- and anxiety-like symptoms and abnormal social behavior in adult off-
spring [199, 208–211]. In rats, a disproportionately high Omega 6/Omega 3 ratio 
diet has been found to alter biochemistry, affect monoaminergic neurotransmitter 
and glutamate receptors, and impair rodent behavior [209, 212].

 Link Between ECS, Omega 3, and Omega 6
Arachidonic acid (Omega 6) and DHA (Omega 3) are the main forms of PUFA 
within the brain, and DHA is a key component of neuronal membranes [20, 210]. 
Since mammals cannot synthesize Omega 3 PUFAs, these need to be provided 
through diet [210]. To recap, endocannabinoids and endocannabinoid-like com-
pounds are signaling lipids produced from long-chain fatty acids:

• AEA and 2-AG are derived from arachidonic acid (AA, an Omega 6 PUFA)
• Oleylethanolamide (OEA) and palmitoylethanolamide (PEA) are derived from 

EPA (Omega 3 PUFA)
• DHEA is derived from DHA (Omega 3 PUFA) [198]

 Why Are Omega 3 PUFAs Important for Functioning of the ECS?
As AEA and 2-AG are synthesized from phospholipid-bound arachidonic acid 
(AA), one might wonder why Omega 3 PUFAs are important in relation to the ECS 
when AEA and 2-AG are derived from AA, an Omega 6 PUFA? This is perhaps 
better understood when we consider that there is growing evidence to indicate that 
there is a complex interaction between Omega 3 and Omega-6 long-chain PUFAs 
and the ECS and that the ratio of Omega 3/Omega 6 appears to be very important 
for ECS functioning [20].

Since endocannabinoids (and endocannabinoid-like compounds) are derived from 
Omega 6 and Omega 3 PUFAs, the effects of PUFAs on mood-related behavior may 
be mediated through the ECS, at least partly [198]. Animal research now provides 
evidence that an imbalanced ratio of Omega 6/Omega 3 ratio can have detrimental 
effects on endocannabinoid signaling and thereby mood/emotions [20, 198].

Several animal studies support the idea that nutritional PUFA intake is tightly 
linked to brain endocannabinoid levels and have explored potential mechanisms. 
Through regulating brain endocannabinoids, PUFAs have been shown to impact 
synaptic plasticity in the hippocampus and endocannabinoid-dependent plasticity 
and CB1-associated signaling pathways in the prefrontal cortex and the nucleus 
accumbens. Omega 3 PUFA deficiency may also impact on HPA axis function, 
though the mechanisms by which it does are not well understood [198]. According 
to Lafourcade et al. [209], a dietary deficiency of Omega 3 modifies CB1 receptor 
functions in a way akin to classical agonist desensitization. A result of CB1 receptor 
desensitization is to eliminate endocannabinoid-mediated synaptic plasticity in 
those brain areas implicated in regulation of emotions and mood disorders, that is, 
the prelimbic area of the PFC and the nucleus accumbens [209]. For a detailed dis-
cussion, see Larrieu and Laye [198] and Dyall [20].

There are several studies that support the close relationship between the ECS and 
Omega 3 and Omega 6 PUFAs. For example, long-term supplementation with DHA 
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and EPA has been found to increase endocannabinoid-like DHA and EPA-derived 
molecules (though their functions are as yet unknown) and decrease levels of AEA 
and 2-AG [20]. A mice study found that lifelong dietary insufficiency of Omega 3 
PUFAs specifically ablated long-term synaptic depression mediated by endocan-
nabinoids in the prelimbic prefrontal cortex and nucleus accumbens. In mice experi-
mentally induced to be Omega 3 deficient, presynaptic CB1 receptors were 
uncoupled from their effector Gi/o proteins, markedly reducing the CB1 receptor 
function, and the reduction in CB1 receptor function in mood-controlling structures 
(induced by the dietary insufficiency) was associated with impaired emotional 
behavior. This suggests a possible pathogenetic mechanism for behavioral changes 
caused by Omega 3 PUFA deficiencies and may help explain the link between 
dietary Omega 3 insufficiency and neuropsychiatric diseases [209].

In another mice study, long-term dietary deficiency of Omega 3 PUFA was found 
to decrease DHA levels in the brain and impair cannabinoid receptor signaling path-
ways in mood-controlling parts of the brain such as the prefrontal cortex and hypo-
thalamus [210]. The effect of a synthetic cannabinoid agonist in an anxiety-like 
behavior test was abolished in Omega 3-deficient mice, supporting the idea that the 
behavioral changes linked to the dietary Omega 3 deficiency are caused by changes 
in the ECS in specific regions of the brain [210]. In another study, this time in mice 
pups, deficiency of Omega 3 PUFAs was found to impair endocannabinoid gating 
of synaptic activity in the hippocampus [213].

Other studies have explored how Omega 3 PUFAs may positively impact on 
mood. For example, fat-1 transgenic mice which have enriched DHA levels in the 
brain (they can convert Omega 6 to Omega 3 fatty acids) show increased hippocam-
pal neurogenesis, which is a mechanism by which Omega 3 PUFAs may influence 
mood and depression [214].

Thus, there is support for the idea that the ECS is impacted by changes in the 
dietary Omega 6/Omega 3 ratio.

Further evidence of the intimate relationship between the ECS and Omega 6 
PUFAs is found at the opposite end of the life cycle of the two main endocannabi-
noids. Not only do both AEA and 2-AG require AA for their synthesis, but the 
breakdown products of AEA and 2-AG include AA, and so these endocannabinoids 
act as precursor pools for production of eicosanoids and are also converted to other 
classes of bioactive mediators [20].

 Why Are Dietary Sources of Long-Chain PUFAs Important?
As explained by Dyall [20], endogenous synthesis of long-chain PUFAs (DHA, 
AA) is low, and brain levels appear to be maintained predominantly by dietary 
sources and/or liver sources in blood (the liver can synthesize long-chain PUFAs 
from their shorter chain precursors, LA and ALA, though this is a very inefficient 
mechanism since these biosynthetic pathways compete with each other due to 
shared enzymes). Long-chain PUFA levels in the brain respond to dietary intake, 
demonstrated by the fact that a diet with a ratio of LA (Omega-6)/ALA (Omega 3) 
of around 1:1 leads to higher brain DHA levels, whilst a ratio of 10:1 (Omega 6/
Omega 3) decreases DHA levels in the brain and increases other products of the LA 
metabolism pathway (such as docosapentaenoic acid and adrenic acid) [20].
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 The Problem with the Western Diet
Originally humans evolved living on a diet in which the ratio of Omega 6/Omega 3 
was 1:1 [215]. Whilst the body needs both Omega 6 and Omega 3 essential fatty 
acids, it needs them in the optimal ratio. Unfortunately, in our modern world, the 
typical western diet is very skewed towards a high ratio of linoleic acid (LA, Omega 
6 PUFA)/α-linolenic acid (ALA, Omega 3 PUFA) of somewhere between 10: 1 and 
25:1 [215–217]. A shift away from animal fats towards plant-based oils (e.g., sun-
flower, canola oil) which are mostly high in LA (the precursor of arachidonic acid, 
AA) and low in ALA (the precursor of DHA) may have led to this marked increase 
in LA (Omega 6) intake [217].

Mammals cannot synthesize their own LA and ALA, and so these need to be 
acquired through diet [218]. LA and ALA are metabolized into long-chain fatty 
acids, AA and DHA, respectively, using the same enzymatic pathway and are there-
fore in competition with each other for conversion to their respective long-chain 
fatty acids and also for their entry into the brain [219]. A greater LA:ALA ratio 
shifts the balance to a proinflammatory state, with increased prostaglandins, 
increased platelet aggregation, and increased inflammation [220]. A high level of 
Omega 6 compared to Omega 3 leaves us relatively deficient in Omega 3 PUFAs.

High levels of Omega 6 or a high Omega 6/Omega 3 ratio promotes chronic inflam-
matory conditions and has been linked to cardiovascular disease, cancer, hyperten-
sion, diabetes, arthritis, osteoporosis, and inflammatory and autoimmune disorders, 
whereas a low Omega 6/Omega 3 ratio is suppressive of such conditions [215, 221]. 
Inflammation has also been found to be implicated in the pathogenesis of many men-
tal health conditions including anxiety and depression, as we will see in later chapters.

 Hemp Seeds Have a Very Good Ratio of Omega 6/Omega 3 PUFAs
Interestingly, hemp seeds derived from the cannabis plant (hemp seeds do not con-
tain phytocannabinoids) are probably one of the best foods in terms of the optimal 
balance of linoleic acid (LA, Omega 6) to α-linolenic acid (ALA, Omega 3) of 
between 2:1 and 3:1 (similar to the Mediterranean and Japanese diets) [222]. 
Supplementing the diet with hemp seed oil may counterbalance the increased 
Omega 6/Omega 3 ratio of western diets [223]. One cautionary note is the limited 
ability of humans to convert ALA to DHA. Between 8% and 20% of ALA is con-
verted to EPA in humans and between 0.5% and 9% of ALA is converted to 
DHA. However, one study which compared fish-eaters, non-fish-eating meat-eaters, 
vegetarians, and vegans found very similar levels of circulating plasma EPA in the 
fish-eaters, vegetarian, and vegan groups (fish-eaters, 57.5 +/− 43.2μmol/L; meat- 
eaters; 47.4 +/− 30.3μmol/L; vegetarian, 55.9 +/− 45.3μmol/L; and vegan, 65.1 
+/− 45.5μmol/L) and slightly higher DHA in vegetarians compared with meat- 
eaters (fish-eaters, 239.7 +/− 106.2μmol/L; meat-eaters, 215.6 +/− 96.4μmol/L; 
vegetarian, 222.2 +/− 138.4μmol/L; and vegan, 195.0 +/− 58.8μmol/L) [224].

Suffice to say, diet remains a very important factor in general health and mental 
health. Use of medicinal cannabis and other forms of natural medicine should be 
seen as part of a more holistic approach to health, in particular one in which dietary 
factors are seen as playing a critical role.
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 Conclusion

This chapter has provided an overview of the ECS, a critical neuroregulatory system 
within the bodies of humans and animals. It is important to understand the ECS, 
since this provides a foundation for understanding how medicinal cannabis works 
within our bodies to help alleviate many different and varied conditions, including 
mental health conditions. The ECS is involved in the homeostasis of nearly all of 
our bodily systems, and dysregulation of the ECS is implicated in many different 
human diseases and disorders, including mental health conditions. It is important to 
recognize the precursors of our endocannabinoids come from what we eat. Attention 
to diet and nutrition likely plays a key role in maintaining health, avoiding disease, 
and modulating the ECS.

Let’s now look at how the endocannabinoid system is involved in the stress 
response, given that stress can contribute to many illnesses including mental health 
illnesses.
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The Endocannabinoid System, Stress, 
and Mental Health

 Introduction

The term “stress” and its meaning has evolved over time since Selye first popular-
ized it in a paper in Nature in 1936 where he defined stress as “non-specific responses 
of the body to any demand upon it” [1, 2]. The definition of stress has evolved from 
one primarily related to an effect to include the concept of stress as a cause of illness 
[2], including stress in the psychosocial sense.

Hill et al. [3] define stress as anything that presents as a challenge to homeostasis 
and is typically something that threatens our well-being. It may be a real threat, or 
a perceived one, but people exposed to the same stress are not necessarily affected 
in the same manner [4]. Emotions cannot be divorced from stress since they drive 
the creation and interpretation of factors or events that are causes of stress, and the 
physiological responses that occur while experiencing stress become encoded as 
part of the interpreted emotion [2].

Stress is one of the most important and often overlooked etiological and patho-
logical factors in many illnesses, particularly those of chronic nature. While stress 
is difficult to quantify and sometimes to even describe, it has become a feature of 
modern, westernized life, and as humans, we are becoming sicker. The element of 
stress, as a cause, an effect, an exacerbating factor, and/or an enabling factor, is 
likely to be involved in many illnesses, including mental health conditions. In par-
ticular, stress in the sense of a psychosocial stressor appears a feature of modern life.

While some level of stress in our lives may be useful, and indeed serves an 
important function in survival, it is when stress becomes chronic, unrelenting, pro-
longed, overwhelming, or extreme that it can start to become unhealthy and affect 
our mental and physical health. Inadequate control of stress responses contributes to 
the risk of mental health disorders and increases mortality [5, 6].

Stress can increase the risk of many illnesses including cancer, hypertension, 
cardiovascular disease, stroke, gastrointestinal problems (including inflammatory 
bowel disease), a weakened immune system, and others [7, 8]. Long-term stress 
increases the risk of mental health problems including anxiety and depression, sleep 
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problems, substance abuse, and pain [7]. Psychosocial stress plays a clear role in the 
development and continuance of symptoms of major mental health illnesses includ-
ing depression and schizophrenia [9]. Stress also alters our responses to emotional 
stimuli [10].

Chronic stress is a risk factor for development and exacerbation of mental ill-
nesses including depression, anxiety, and post-traumatic stress disorder (PTSD) 
[11–13]. Thus, by understanding the biochemical adaptations that occur with 
chronic stress, it might be possible to discover targets and treatments for many dif-
ferent mental health conditions [14].

There is evidence that the endocannabinoid system (ECS) is involved in our 
stress response (both acute and chronic) and in stress regulation. It is altered when 
stress is chronic and when there is early life stress. The gut microbiome also has a 
role to play in stress regulation, and the two (ECS and gut microbiome) form a close 
relationship.

This Chapter
In this chapter, we will examine the brain regions involved in stress regulation, what 
happens to the autonomic nervous system stress response and the neuroendocrine 
stress response, how inflammation is involved in stress, and how stress impacts on 
the ECS as well as how the ECS is involved in stress regulation. We will also look 
at the impact of early life stress on mental health and the ECS functioning, the gut 
microbiome’s involvement in stress, and how the “endocannabinoidome,” a term 
referring to the extended ECS, is involved in mental health.

 Key Brain Structures Involved in the Regulation of Stress

There are several key brain regions involved in the processing and regulation of 
stress. Sensory information is processed by the thalamus and primary sensory corti-
cal centers and then transmitted to the amygdala via corticothalamic afferent nerves. 
Two important structures associated with the regulation of stress and emotions are 
the corticolimbic system (prefrontal cortex, amygdala, hippocampus) and the 
hypothalamic- pituitary-adrenal (HPA) axis [15].

 Corticolimbic System

The corticolimbic system is made up of:

• Prefrontal cortex (PFC)
• Amygdala (especially the basolateral amygdala, BLA)
• Hippocampus
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The corticolimbic system processes a wide range of cognitive and behavioral 
responses including emotional regulation, decision-making, mnemonic function, 
and motor programming and control [16]. The corticolimbic system integrates emo-
tion with cognition and also is involved in pain modulation [17]. As clinicians know, 
pain is known to have a strong emotional component. Chronic pain is a disorder 
with anxio-depressive symptoms as well as cognitive deficits, and the corticolimbic 
system is implicated in pathophysiology of maladaptive pain [17, 18].

The brain areas that make up the corticolimbic system are all involved in the 
stress response, as well as in processing and regulation of emotions, fear, reward, 
emotional memory, anxiety-related behaviors, and drug abuse, and the ECS is 
widely distributed throughout these regions [3, 19, 20]. These brain regions regulate 
normal emotional and cognitive development and behavior [21].

The structures of the corticolimbic system are all connected to each other with 
both feedforward and feedback processes occurring, where stimulation of the ven-
tral hippocampus and mPFC activates principal cells and interneurons in the basal 
amygdala and innervated principal cells project back from the basal amygdala to the 
mPFC [22]. There are also connections between the corticolimbic system and other 
parts of the brain, and some of these will be explored throughout various chapters. 
For example, the medial PFC (mPFC) projects to several brain regions involved in 
control of motivated behavior, anxiety, and depression [22].

 Roles of the Components of the Corticolimbic System
The roles of the basolateral amygdala (BLA) are believed to include modulating 
learning after stress, memory consolidation, and hippocampus activity during 
learning and stress [23]. Activation of the BLA involved several aspects of the 
stress response including pain and anxiety, HPA axis activation, and alterations in 
cognitive processes through connections with other parts of the amygdala and 
hypothalamus [24]. It is understood that stress-induced release of corticotropin- 
releasing hormone in the amygdala contributes to emotional responses to exposure 
to stress (e.g., anxiety) [6]. Reference to past experience and retrieval of spatial 
memory are mediated via cross-talk between the mPFC and the hippocampus, and 
the amygdala is also involved in retrieval of fear associations, something clearly 
relevant in post-traumatic stress disorder [22]. There is also thalamic input to the 
mPFC that projects information in relation to affective-motivational behaviors [22].

The amygdaloid complex regulates anxiety and fear, providing valence to mem-
ories via its connections to the hippocampus which is where memory consolidation 
occurs. The hippocampus is involved in feedback regulation of the HPA axis [6].

The prefrontal cortex regulates activity of the amygdala and hippocampus, con-
trolling emotional stress responses and facilitating active coping, and contributes to 
resilience to stress [6], meanwhile excitatory outputs from the medial PFC and the 
hippocampus control activity and output of the amygdala [22].

Key Brain Structures Involved in the Regulation of Stress
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 Hypothalamic-Pituitary-Adrenal (HPA) Axis

The hypothalamic-pituitary-adrenal (HPA) axis, believed to be responsible for our 
main endocrine response to stress, is made up of:

• Hypothalamus (including the paraventricular nucleus, PVN)
• Pituitary
• Adrenal glands

Anxiety and mood disorders have been found to be associated with a dysfunc-
tional stress response by the HPA axis [25]. Physiological stressors (which disturb 
internal homeostasis) utilize a bottom-up circuit to activate the HPA axis, via direct 
recruitment of the HPA axis by brainstem nuclei, while in contrast, psychological 
stressors utilize top-down processes to activate the HPA axis and produce a neuro-
endocrine response [26–28]. The hypothalamus, involved in the HPA axis stress 
response, integrates input from limbic and sensory brain areas to regulate HPA axis 
activation [6].

The paraventricular nucleus (PVN) of the hypothalamus is a key structure in the 
physiological stress response and integrates pre-autonomic and neuroendocrine 
control of energy homeostasis, fluid balance, and our stress response [29].

 Other Areas

There are other brain regions that connect with these regions that are involved in 
emotional processing, regulation, and responses. For example, here are some 
of them:

Nucleus Accumbens It is located in the rostral and ventral forebrain; receives 
input from the amygdala, hippocampus, and from cells of the stria terminalis; is 
believed to be the primary site mediating reward behavior and and to play a role in 
addictive behaviors associated with drug use [15].

Anterior Cingulate Cortex (ACC) It has extensive connections to brain areas 
involved in emotional processing (including the amygdala), autonomic functions 
(e.g., lateral hypothalamus, brainstem centers), memory (e.g., hippocampus), and 
reward (e.g., orbitofrontal cortex, ventral striatum) [30]; integrates neuronal cir-
cuitry for “affect regulation” (ability to manage uncomfortable emotions) via con-
nections to both the “emotional” limbic system and the “cognitive” prefrontal cortex 
[30]; and is involved in assessing emotions, emotional learning, and autonomic 
regulation, with the posterior portion involved in emotional regulation, autonomic 
regulation, and pain-related affect [30].
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Medial Cingulate Cortex It is “cognitive” in nature and is involved in several 
functions such as emotional appraisal, monitoring of conflict, selection and execu-
tion of responses, and others [30].

 The Stress Response

Several stress response systems come into play following exposure to stress includ-
ing the autonomic nervous system (in particular the sympathetic nervous system), 
the HPA axis, increased negative emotions and behavioral responses such as 
increased vigilance that help us avoid a threat [6].

Our central nervous system (CNS) is in communication with all other vital organ 
systems in our body in two ways: direct transmission of neural signals through the 
autonomic nervous system and via the neuroendocrine system through hormone 
release into the circulation affecting downstream organs [31]. The stress response 
thus has two components: an autonomic response and a neuroendocrine response [24].

The stress response to acute stressors or agents is considered adaptive; it mobi-
lizes necessary resources in response to a threat, real or perceived. However, chronic 
activation of the stress pathways can be etiological factors in illness and/or exacer-
bate existing pathologies through alterations in metabolic processes, immune dys-
regulation, and prolonged systemic drive [2].

 The Autonomic Stress Response

In the autonomic stress response, there is stimulation of sympathetic motor and 
hormonal outputs via descending neural circuits originating in hypothalamic pre- 
autonomic control centers. This leads to release of catecholamines in the brain and 
in the circulation [24].

The central nervous system (CNS) involves the brain and spinal cord, and the 
peripheral nervous system involves the autonomic nervous system and somatic ner-
vous systems. There are two divisions of the autonomic nervous system (ANS):

• The sympathetic nervous system (SNS)
• The parasympathetic nervous system (PNS)

In terms of evolution, the SNS has evolved to keep us safe from predators in the 
past. In more recent times, our threats are not wild animals (unless you work in a 
game reserve possibly) but have become other immediate environmental threats. 
Think about what happens if you step out onto a busy road and suddenly there’s a 
car you didn’t see bearing down on you. It’s an immediate threat, and you want your 
SNS response to become activated fast—it is an appropriate response to an 
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immediate threat to existence. However, we also know that there are other forms of 
existential threat, perhaps not as immediate but more insidious, psychosocial in 
nature, that we might experience under more chronic conditions. It is when our 
physiological stress responses become disproportionate and chronic that is danger-
ous to our well-being.

Under a threat, perceived or real, the SNS response (also called the “fight or 
flight” response) mobilizes the body’s energy resources such as glucose and oxygen 
and reallocates these quickly to those systems which must be activated (fast) to help 
us fight or get away (e.g., our skeletal muscles, heart, and vasculature). Our heart 
rate, blood pressure, and respiration rate and skin conductance all increase in 
response to a threat, and meanwhile, energy is diverted away from those areas of the 
body that are not important at that point in time for our survival (e.g., digestive sys-
tem, reproductive system) [31]. The SNS is paired with the PNS, much like an 
accelerator (SNS) and a brake (PNS) on the car [32]: once the threat has passed, the 
PNS reduces the activation of the SNS and energy and blood flow once more 
resumes being supplied to areas requiring it for normal physiological function-
ing [31].

 Sympathetic Nervous System Mechanisms of Action
The SNS is linked neuroanatomically to the limbic system and brainstem and 
reaches various areas of the body peripherally through the sympathetic ganglia 
(located bilateral to the spinal cord, extending from the neck to coccyx). There are 
two neural networks that constitute the SNS and use norepinephrine as a 
neurotransmitter:

• Alpha-adrenergic fibers: in the cardiovascular system, these constrict blood 
vessels.

• Beta-adrenergic fibers: in the cardiovascular system, these dilate blood vessels, 
and importantly, these fibers alone innervate the heart and cause increased heart 
rate and contractility [31]

 Parasympathetic Nervous System Neuroanatomical Connections
In contrast, the PNS connects directly to peripheral organs via several of the cranial 
nerves, including the vagal nerve (ninth cranial nerve) and the pelvic splanchnic 
nerves that provide afferent as well as efferent channels. The PNS uses acetylcho-
line in particular as its neurotransmitter. The vagal nerve transmits signals to the 
heart which leads to reduced heart rate and reduced cardiac contractility, but it does 
not have any direct influence on arterial vasoconstriction or vasodilation (unlike the 
SNS). Thus, in terms of heart functioning, both heart rate and blood pressure are 
influenced by the SNS and PNS (since both innervate the heart) [31].

 Measurement of ANS Activity
Popular outcome variables for measuring ANS functioning include heart rate, blood 
pressure, and heart rate variability (HRV) [31].
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 Neuroendocrine Stress Response

In contrast to the fast action of the ANS which utilizes nerve impulses, the neuroen-
docrine response to stress utilizes hormones traveling via the bloodstream, and for 
this reason, the neuroendocrine response is slower than the ANS responses to stress-
ors [31].

The adrenal glands release two key stress hormones which impact on cardiovas-
cular and other systems’ functions: cortisol from the adrenal cortex and adrenalin 
(epinephrine) from the adrenal medulla. The CNS constantly monitors the levels of 
these stress-responsive hormones, and there are negative feedback loops in opera-
tion to adjust their levels [31].

Both cortisol and epinephrine influence the SNS:

• Cortisol: influences the sensitivity of the SNS beta-adrenergic receptors; 
enhances the sensitivity of SNS alpha-adrenergic receptors, catecholamine syn-
thesis, and glucose production; release is mediated by the HPA axis.

• Epinephrine: influences the sensitivity of the SNS beta-adrenergic receptors; 
release is mediated by the sympathoadrenomedullary axis (epinephrine is 
released from the adrenal medulla into the circulation following direct SNS 
transmission from the brainstem) [2, 31].

Herman et al. [2] argue in that the case of the two “stress systems,” the sympatho-
adrenomedullary axis and the HPA axis, their relationship with stressors is only one 
of their functions and in fact, both systems are mainly concerned with metabolism on 
a day-to-day basis, in that both mobilize energy in the liver to provide resources 
needed to respond to a challenge (glucocorticoids involved in gluconeogenesis, prote-
olysis, and lipolysis and epinephrine involved in glycogenolysis and glycolysis).

 The HPA Axis in Stress
Continuing from above, Herman et al. [2] make an important point that the HPA 
axis is not a “stress system” per se, but rather a normal metabolic system that gets 
co-opted or recruited by stressors (causal agents of stress). There are several areas 
of the brain which are involved in its regulation and which play a role when there is 
a perceived or real threat. The functioning of the HPA axis in stress is described well 
by Herman et al. [2], and the following summary draws heavily from them.

The HPA Axis as a Metabolic System
The control of the functioning of the HPA axis is complex. The HPA axis is under 
circadian control, and peak activity corresponds to when we wake up, logical as we 
need to mobilize energy necessary for the activities of our day. The processes which 
result in the release of glucocorticoids are simply part of the normal metabolic role 
of the HPA axis which includes facilitation of glyconeogenesis, lipolysis, and pro-
teolysis [2]. It is not just on waking that our glucocorticoid levels increase—levels 
of glucocorticoids also increase when we anticipate a meal. However, as Herman 
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et al. [2] explain, under a condition of stress, this process essentially gets diverted to 
produce the glucocorticoids needed to deal with a stressor, some kind of threat to 
homeostasis (and of course, this could be psychosocial in nature). They make an 
important point relevant to research and the clinic: in attempting to quantify HPA 
axis activation in the context of investigating the body’s response to stress and/or in 
illness (i.e., by measuring changes in baseline glucocorticoid levels), one needs to 
take into account both stressor-elicited secretion and endogenous release patterns 
(e.g., circadian rhythms) [2].

Regulation of the HPA Axis
There are many factors that can activate the HPA axis which might be consistent 
with the need to provide energy quickly, and this includes disruptions to metabo-
lism, thermoregulation, and fluid balance which are under the homeostatic control 
of the hypothalamus [2].

The paraventricular nucleus (PVN) of the hypothalamus is a central player in the 
HPA axis response. The classic understanding of the chain of events occurring in 
HPA axis activation is that PVN releases corticotropin-releasing hormone (CRH) 
into the portal vessels. The CRH travels to the anterior pituitary gland and binds 
with CRH receptors, and this stimulates the anterior pituitary to produce adrenocor-
ticotropic hormone (ACTH) which is released into the systemic circulation. ACTH 
stimulates the release of glucocorticoid hormones (in humans this is mainly corti-
sol) from the adrenal cortex [3]. The glucocorticoids mobilize energy stores and 
produce several different effects on the cardiovascular, immune, metabolic, and 
neural systems [3]. There is then feedback mechanisms which serve to shut off the 
HPA axis response and restore homeostasis (discussed later).

As with anything in the body, there is a great deal more complexity involved. A 
key role of the PVN is integration of pre-autonomic and neuroendocrine control of 
energy homeostasis, fluid balance, and our stress response [29]. If a stressor that 
could pose a threat to homeostasis is encountered, information from the stressor is 
integrated across various different brain circuits prior to reaching the PVN.  For 
example, the PVN is stimulated by afferents from the brainstem and hypothalamus 
which transmit information. The bed nucleus of the stria terminalis (BST) may be 
involved in the relay of contextual information [2]. Meanwhile, the subnuclei of the 
amygdala indirectly drive the HPA axis response via disinhibition mediated by 
GABAergic connections to PVN-projecting neurons in the hypothalamus and 
BST [2].

Very importantly, emotions must be considered within the context of stressors 
and HPA axis activation, since emotions can drive generation and interpretation of 
stressors [2]. When we look at post-traumatic stress disorder (PTSD) in a later chap-
ter, we can also see how memory (in particular fear memories or memories of a 
traumatic event) can feed into the HPA axis and how the HPA axis “stress response” 
becomes dysfunctional [33].

Herman et al. [2] point out that there is a three-step amplification process that 
occurs as we move from the CRH to ACTH to glucocorticoids, i.e., fg/ml for CRH, 
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pg/ml for ACTH, and then ng/ml for glucocorticoids, and this amplification process 
can be altered by the anterior pituitary and adrenals via various mechanisms. For 
example, sympathetic activation can increase glucocorticoid production by the 
adrenals, and negative glucocorticoid feedback can block release of ACTH from the 
pituitary [2].

Glucocorticoid signaling affects many systems. Glucocorticoids bind with glu-
cocorticoid receptors and the mineralocorticoid receptors, and these act via many 
different mechanisms including acting as membrane receptors or transcription fac-
tors to effect changes in genes, and their effects on their targets can be fast (minutes) 
or can last weeks [2]. Glucocorticoid receptors are widely distributed in the CNS, 
and mineralocorticoid receptors are also present in several brain regions, including 
some areas such as the hippocampus where they co-localize with glucocorticoid 
receptors [2, 34].

Turning Off the HPA Axis
Under normal circumstances, the body tries to restore homeostasis since elevated 
glucocorticoids, if sustained, cause detrimental effects on health. There are complex 
and distributed negative feedback processes in the brain and periphery that serve to 
inhibit the PVN neurons and thereby turn off the HPA axis response [2, 3]. 
Glucocorticoid receptors in various brain regions including the hippocampus and 
PFC inhibit the HPA axis through glucocorticoid-mediated negative feedback [2, 3]. 
The corticolimbic system (i.e., PFC, amygdala, hippocampus) which communicates 
with the PVN and is involved in positive regulation of the HPA axis is also involved 
in its inhibition [35]. For example, neurons in the PFC and hippocampus inhibit the 
HPA axis via hypothalamic and BST GABAergic relays to the PVN [2]. There are 
also peripheral mechanisms of feedback, for example, from adipocytes [2].

Under normal circumstances, all works well, and following a stressful situation 
and activation of the HPA axis, negative feedback processes occur, and homeostasis 
is restored. However, under chronic stress conditions, HPA axis dysregulation can 
occur, and at the neurological level, this is probably due to inappropriate balance 
between the excitatory and inhibitory inputs impacting on the output of the PVN 
[2]. In early stages, this HPA axis dysfunction may be characterized by oversecre-
tion of cortisol, but as time goes by, this can turn into what has been termed “adrenal 
exhaustion” where not enough cortisol is produced (with consequent low energy 
levels experienced by the patient) [36].

As you can see, the regulation of the stress response is quite complex. To take a 
deep dive, please read Herman et al.’s [2] paper.

 Measurement of Neuroendocrine Activity
Commonly, measurements of neuroendocrine activity involve analysis of urine, 
blood, or saliva samples. Cortisol measurements need to take into account its nor-
mal diurnal fluctuations in secretion when investigating neuroendocrine responses 
to stress [31].
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 Sex Differences in the Stress Response System Along the HPA Axis
Substantial research has shown that there are sex differences in the stress response, 
in numerous components of the HPA axis, and these might explain at least partly 
why certain diseases are more prevalent in males and females [37]. This includes 
sex differences in basal cortisol levels, stress responsivity, and glucocorticoid recep-
tors [37].

There are some differences in what has been found with animal data in compari-
son to human data. Animal data has demonstrated that the glucocorticoid levels 
generated are higher in females than males after HPA axis stimulation, but human 
research data has not been quite as clear-cut. Some studies have found no difference 
for HPA axis response to physical activity, and others have found either no differ-
ence in cortisol or higher cortisol in young men compared with young women under 
various psychological stress situations (real-life stress or laboratory stress tests) [37].

In general, it seems that adult men generate greater increases in cortisol in 
response to psychological stress than women [37]. This lower cortisol response 
found in women may be related to hypoactivity of the HPA axis, and it possibly 
might explain the greater prevalence of autoimmune conditions in women, while the 
greater stress reactivity and higher cortisol levels might possibly explain the higher 
prevalence of cardiovascular disease in men [37]. It is not clear yet if such differ-
ences between male and female humans in adrenocortical responses to stress are 
present at birth—there are some studies that suggest there is no difference and at 
least one study that suggests there may be [37, 38].

 When the Stress Response Becomes Pathological

Allostasis is the body’s attempt to stabilize physiological functioning by modifying 
energy distribution to our vital organs, and the size and duration of the response will 
vary depending on the threat and the health status of the individual [31]. Allostatic 
load was defined as “the cost of chronic exposure to fluctuating or heightened neural 
or neuroendocrine response resulting from repeated or chronic environmental chal-
lenge” [39]. Another way of thinking about allostatic load is that it represents the 
“wear and tear” on the brain and body due to persistent and sustained activations of 
the stress response systems and the loss of the systems that normally buffer stress 
responses [6].

The ANS and neuroendocrine stress responses function to help us survive, as we 
have seen, but the activation of these systems is not always proportional to the 
nature of the threat. Stress responses can become dysfunctional and consequently 
negatively impact on health. Larkin et al. [31] explain that failure to maintain allo-
stasis (dynamic homeostasis) in response to an acute environmental stress can lead 
to patterns of dysfunction of the ANS and/or neuroendocrine responses during 
chronic stress, and these can be quite different to what is seen in acute stress (e.g., 
hyperarousal in acute stress may lead to hypo-arousal in chronic stress).

As explained by Larkin et al. [31], dysfunctional ANS and neuroendocrine stress 
responses include (1) exaggerated reactivity to stress (characterized by increased 
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heart rate, blood pressure, and levels of stress hormones such as cortisol), (2) blunted 
reactivity to stress, and (3) prolonged recovery from stress (e.g., prolonged recovery 
of blood pressure and heart rate associated with mental stress), which represent 
three patterns of “allostatic load,” and all of which can place a cumulative burden on 
body functioning that leads to increased disease risk (including CVD) [31, 40, 41]. 
Meanwhile, low stress reactivity (blunted reactivity) has been found to be associ-
ated with lower immune function, obesity, depression, and addictive behaviors 
including smoking and alcoholism (but not CVD) [31, 42].

There has been some interesting research investigating stress reactivity and cardio-
vascular disease (described in Larkin et al. [31]). Exaggerated cardiovascular reactiv-
ity to laboratory challenge can predict future cardiovascular morbidity and mortality 
[41]. Increased ANS reactivity, demonstrated, for example, by magnitude of heart rate 
and blood pressure reactivity, has been found to be associated with various stressful 
life situations such as being employed in stressful occupations or being a caregiver for 
a dementia sufferer [31, 43, 44]. In one study, chronic and momentary work stress 
(significantly) independently predicted greater heart rate reactivity after adjusting for 
heart rate, age, smoking, caffeine, and momentary physical activity levels [43].

In another study, caregivers with high levels of social support showed a typical 
age-related decrease in heart rate reactivity, but those with low levels of social sup-
port showed an age-related increase in heart rate reactivity [44] which underscores 
not only the stressful nature of being a caregiver but also the power of social sup-
port. Human beings are social beings, and research shows clearly that social con-
nections and social therapy can have tremendous benefits on reducing mortality and 
morbidity, including in relation to serious illnesses such as cancer [8].

 Stress and Inflammation

The relationship between stress and inflammation is well-known: stress can be pro-
inflammatory [45]. There is increasing evidence that excessive inflammation plays 
a key role in the pathophysiology of stress-related diseases and that chronic, mild 
inflammation provides a common pathway of stress-related diseases [46]. In fact, it 
has been estimated that 75–90% of diseases are related to activation of the stress 
system. Common stress-related diseases include cardiovascular disease, metabolic 
disease (e.g., diabetes), mental health conditions (depression, Alzheimer’s disease), 
neurodegenerative diseases, and cancer [46].

Stressful events trigger multiple neurochemical, neurotransmitter, and hormonal 
changes mainly through activation of the sympathetic nervous system (SNS) and 
the HPA axis. While traditionally, the link between stress and disease focused on the 
SNS and HPA axis, inflammation has more recently emerged as a promising bio-
logical mechanism linking stress and disease [46]. Chronic stress can lead to inflam-
mation through production of proinflammatory cytokines such as IFNγ and TNFα 
[47–51]. Increased levels of inflammatory cytokines have been found in people with 
major depression [50, 52] , and we will look at that in more detail in a later chapter.

Stress and Inflammation
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While inflammation can induce changes in the brain and body functioning which 
can contribute to a range of psychiatric conditions [45], it has been argued by sev-
eral authors that even though for an individual patient, inflammation may be a or 
even the cause of depression, depression and other psychiatric conditions are not 
inflammatory conditions per se [45, 53]. The argument is that not every patient with 
depression has increased inflammation [53] and that inflammation may be one of 
several causes [45]. Psychological stress and inflammation can also underpin other 
conditions in the body such as coronary heart disease (CHD) [54] and cancer [8].

 How Does Stress Activate Inflammatory Changes?

Stress can activate an inflammatory response both centrally and peripherally. When 
the HPA axis is activated, glucocorticoids are released, and these are immunosup-
pressive and anti-inflammatory, and indeed research indicates that glucocorticoids 
can reduce many types of proinflammatory cytokines including IL-6 and TNF-α as 
well as increasingly anti-inflammatory cytokines (e.g., IL-10, TNF-β). However, 
despite this, glucocorticoids have also been found to have a proinflammatory effect 
on the immune system. Pro- and anti- inflammatory mechanisms depend on both the 
type and intensity of the stressor involved. For example, acute stressors tend to 
enhance immune function, chronic stressors suppress immune function, and intense 
stressors overactivate the immune system, resulting in an imbalance between pro- 
and anti-inflammation effects [46]. To bring things back to the basics, there is a lack 
of balance and illness. We see this departure from balance in many different ways in 
the body when there is illness, something that ancient medical systems such as 
Chinese medicine recognized and sought then and seek now to identify and address 
as part of its fundamental approach to both diagnosis and treatment.

Centrally, neuroinflammation can occur under conditions of stress, with increased 
microglia activation, increased proinflammatory cytokines, and increased peripher-
ally derived monocytes and macrophages occurring. It is thought that a triad of an 
overactivated immune system, increased activity via sympathetic nervous system 
pathways, and reduced glucocorticoid responsiveness may jointly activate the 
inflammatory responses associated with stress and that glucocorticoids, catechol-
amines, cytokines, and other chemicals released as a result of stress, in the main, 
mediate the proinflammatory effect induced by stress [46].

As we will see in later chapters, the theme of inflammation appears again and 
again in the pathophysiology of various mental health conditions, and while it is not 
the only pathological factor involved in such conditions, it appears to be a relatively 
consistent one. When we discuss the therapeutic attributes of medicinal cannabis, 
one of the key ones is its effect on inflammation.
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 Endocannabinoid System and Stress Regulation

The endocannabinoid system (ECS) regulates our responsivity to stress and emo-
tional behavior, including the neuroendocrine and behavioral aspects of stress, seek-
ing to inhibit stress and reduce its negative impacts [21, 24]. The ECS is also 
involved in the regulation of mood, anxiety, reward, and extinction of fear learning 
(which becomes dysregulated in post-traumatic stress disorder) [20]. When there is 
disruption of endocannabinoid signaling, it recapitulates many of the effects of 
stress such as HPA axis activation [24].

Animal research indicates that endocannabinoid signaling is altered by stress as 
well as mediating or modulating stress responses [55], with mobilization of 2-AG 
occurring downstream of glucocorticoid receptor activation [56] and AEA increases 
occurring in response to corticotropin-releasing hormone receptor activation, sec-
ondary to FAAH inhibition [57, 58]. The endocannabinoid/CB1 receptor signaling 
can inhibit the activation of the HPA axis by stress and also enhance recovery fol-
lowing termination of the stress response [58].

 Several Lines of Evidence that the ECS Is a Regulator 
of the Stress Response

Several lines of evidence provide support for contention that the ECS is an impor-
tant regulator of the stress response, including the following:

• Cannabis consumption in humans is associated with reduced anxiety and percep-
tions of stress and greater relaxation [24].

• Animal studies indicate that disruption of endocannabinoid signaling produces a 
neurobehavioral phenotype which displays characteristics of the stress response 
including increased anxiety, activation of the HPA axis, hypervigilance, and 
impaired cognitive flexibility [24].

• Components of the ECS (AEA, 2-AG, their degradative enzymes, and CB1 
receptors) are structures found in the corticolimbic system and HPA axis [24].

• Evidence of presence of the CB1 receptors in sympathetic neuron terminals and 
cells of the adrenal medulla [6].

Research suggests that both the sympathetic nervous system stress response and 
the neuroendocrine stress response (mediated by the HPA axis) are regulated by the 
ECS [6, 58].

Endocannabinoid System and Stress Regulation
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 Bidirectional Relationship Between Stress and the ECS

However, the relationship between the ECS and stress is not unidirectional. In addi-
tion to mediating and modulating the effects of stress on the brain, the ECS is altered 
by exposure to stress, and there is much animal research evidencing the roles of the 
endocannabinoids and CB1 receptor in brain adaptations as a result of exposure to 
repeated stress. Chronic stress exposure can increase an individual’s vulnerability to 
mental illness, and because of the association of the ECS to our stress systems, it 
may be an important therapeutic target for prevention and treatment of mental ill-
nesses associated with stress [6].

 ECS and the Autonomic Nervous System Stress Response

There is evidence that the ECS is involved in modulation of the sympathetic nervous 
system (SNS) stress response, as CB1 receptors have been found on sympathetic 
neuron terminals and cells of the adrenal medulla and CB1 receptor agonists have 
been shown to inhibit the release of the norepinephrine and epinephrine from these, 
as well as inhibit vasoconstriction and inflammation, both mediated by the SNS [6]. 
As yet though, the source and trigger for endocannabinoids innervating CB1 recep-
tors on SNS terminals are not yet known [6]. Circulating levels of AEA and 2-AG 
in the peripheral circulation are increased with stress exposure [58]. As occurs in the 
CNS, the ECS in the periphery is activated by exposure to a stressor and serves to 
buffer the response through inhibition of release of catecholamines epinephrine and 
norepinephrine [6].

 ECS, the Corticolimbic System, and the HPA Axis

The ECS is involved in the homeostasis of the corticolimbic system, and signaling 
in corticolimbic structures is critical for regulating emotional behaviors like anxiety 
and stress in adults [19]. ECS involvement is evidenced by the fact that CB1 recep-
tors are widely expressed and the two key endocannabinoids, anandamide (AEA) 
and 2-arachidonylglycerol (2-AG), are synthesized in particular in the BLA (and 
also in the central nucleus), as well as in the hippocampus, medial PFC, and nucleus 
accumbens [24, 59, 60].

The basolateral amygdala (BLA) is believed to be an important site for ECS 
regulation of the HPA axis, acting as a “gatekeeper,” though there may be other sites 
also involved [24]. When experiments injecting CB1 receptor antagonists into the 
PVN or the mPFC were performed, no effect on basal corticosterone levels was 
found, but when injected into the BLA, an increase in HPA axis activity was dem-
onstrated, supporting the BLA’s important role in HPA axis regulation [24].

The ECS does play an important role within the PFC, maintaining top-down 
regulatory mechanisms that serve to dampen stress and thereby cultivate resilience 
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to effects associated with exposure to stress [6]. The ECS is also a negative regulator 
of amygdalar reactivity through CB1 receptors located in the amygdala [6].

We also find that CB1 receptors are expressed and AEA and 2-AG are synthe-
sized in the hypothalamus, including in the PVN portion which, as we saw earlier, 
plays a central role in the neuroendocrine stress response via the HPA axis [29]. On 
a related note, research in rats also suggests that CB1 receptors in the ventromedial 
hypothalamus play a role in modulating the unconditioned fear-related defensive 
behavioral reactions [61].

 ECS and Regulation of the HPA Axis
The ECS regulates the HPA axis in the maintenance of basal and stress-induced 
responses [25]. The ECS regulates basal and circadian HPA axis activation: for 
example, AEA levels in the hypothalamus are highest between 7.00 am and 11.00 am 
and low between 15.00 and 3.00 am [62].

There is a bidirectional relationship between the ECS and the HPA axis. 
Endocannabinoid signaling contributes to the regulation of the HPA axis, and con-
versely, the HPA axis helps regulate endocannabinoid signaling [3]. AEA is believed 
to represent the “tonic” signal, while 2-AG represents the “phasic” signal of the 
ECS [24]. Endocannabinoid tone, specifically AEA tone in the BLA in particular, 
provides a steady-state inhibition of the HPA axis, mediated via glutaminergic neu-
rons, contributing to maintenance of low basal glucocorticoid levels during basal 
conditions and limiting HPA axis activity, and if this is disrupted, the HPA axis is 
activated [3, 25, 63].

The postulated mechanism by which AEA regulates the HPA axis is that a tonic 
level of AEA/CB1 receptor signaling in the BLA “gates” glutaminergic inputs to 
key neurons in the BLA, suppressing activation of the HPA axis [3]. Disruption of 
this AEA tone by stress activates the HPA axis with the resultant secretion of gluco-
corticoids [24]. Once the HPA axis is activated, the negative feedback mechanism 
comes into play to reduce the amounts of circulating glucocorticoids and reduce the 
HPA axis activity, thereby bringing the body back into balance.

The potential mechanism for glucocorticoid-mediated “fast feedback” inhibition 
of the HPA axis (this can occur in minutes) involves glucocorticoids inducing endo-
cannabinoid signaling through a rapid process in CRH neurons of the PVN [3]. 
Glucocorticoids induce G-protein-dependent release of endocannabinoids and nitric 
oxide which inhibit glutaminergic inputs and enhance GABAergic inputs to CRH 
neurons in the PVN [2, 64]. In this way, they decrease the excitatory drive to the 
HPA axis [3].

Interestingly, there may be hormonal cross-talk occurring in PVN cells (in the 
hypothalamus) between glucocorticoids (which stimulate endocannabinoid synthe-
sis and release) and leptin (which blocks glucocorticoid-induced endocannabinoid 
synthesis and suppression of excitation in the PVN) which may modulate synaptic 
excitation via endocannabinoid release in the hypothalamus. This could represent a 
mechanism for integration of the neuroendocrine regulation of energy homeostasis, 
fluid balance, and the stress response [29].
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Let’s now look in more detail at what happens to the components of the ECS 
under conditions of acute and chronic stress.

 How Is the ECS Involved in Acute and Chronic Stress?

In general, stress reduces levels of AEA and increases levels of 2-AG in most corti-
colimbic brain regions that have been studied. Current evidence suggests that AEA 
contributes to a tonic-like mechanism, regulating the basal synaptic transmission, 
while 2-AG acts as a phasic signal, activating CB1 receptors in a burst-like manner 
[24]. The purpose of the increase in 2-AG is to buffer and limit the detrimental 
effects of stress on the brain, and it plays a role in terminating the stress-induced 
HPA axis activation. It also contributes to habituation to stress [24].

However, as we saw in Chap. 2, the concept of the ECS has been extended 
to include the extended ECS, termed the “endocannabinoidome” which refers 
to bioactive derivatives, enzymes, transporters, and a plethora of receptor tar-
gets modulated by ECS components [65, 66]. We also find evidence that sev-
eral components of theendocannabinoidome come into play in stress. We will 
now look at how the key components of the ECS are involved in acute and 
chronic stress.

 Acute Stress
Stress regulates both AEA and 2-AG levels. Glucocorticoids rapidly increase syn-
aptic concentrations of 2-AG via membrane glucocorticoid receptors that are cou-
pled to 2-AG synthesis, and in this way, activation of the HPA axis is directly linked 
to increased 2-AG levels [6].

Acute stress triggers a delayed increase in 2-AG levels: a moderate increase in 
2-AG content in the medial PFC and a greater increase in 2-AG content in the hypo-
thalamus [24]. However, some animal experiments using restraint stress have found 
there is no change in 2-AG levels in the amygdala, at least immediately after a cer-
tain time period of such stress [24, 67]. Differences in findings of such studies may 
reflect differences in stress models used. Elevated levels of corticosterone levels 
(corticosterone in animals is the correlate of cortisol in humans) are understood to 
mediate the increase in 2-AG in response to stress, but how it elevates AEA is still 
not understood [24].

In contrast, stress decreases AEA levels via its catabolic enzyme FAAH [6]. In 
response to acute stress, CRH is released, and this binds with the G-protein-coupled 
receptor CRH receptor 1, resulting in a fast increase in fatty acid amide hydrolase 
(FAAH, the enzyme responsible for AEA degradation) activity following activation 
of receptors on glutaminergic neurons in the BLA [6, 57]. Since FAAH degrades 
AEA, levels of AEA drop, leading to disinhibition of BLA neurons and increased 
output from neurons in the amygdala, which then impacts downstream, activating 
the HPA axis [3, 25]. Since AEA synthesis is constitutive and probably exerts tonic 
activation of CB1 receptors (i.e., maintaining low levels of neurotransmitter release 

3 The Endocannabinoid System, Stress, and Mental Health



73

at synapses that are regulated in this way), the removal of the AEA-induced tone 
(i.e., the decrease in AEA signaling) leads to reduced CB1 receptor signaling and 
increased neurotransmitter release (remember that the principal way in which endo-
cannabinoids work is to inhibit the release of neurotransmitters), which then facili-
tates activation of the HPA axis and increases emotional and anxiety-like behavior, 
impairment of fear extinction, and suppression of cell proliferation in the neuro-
genic region of the hippocampus [6, 24, 25].

Animal studies indicate that acute stress reduces AEA content in the BLA 
and the hippocampus; however, its effect on the medial PFC is more complex 
and evidence is less consistent in the literature, with some experimentally 
induced stress experiences reducing AEA content and others not altering it or in 
the case of a mechanical stress like foot-shock (often used in mice experiments), 
elevating it [24].

There have been few investigations of the effect of acute stress on CB1 receptors 
in those regions of the brain associated with stress regulation. One study found that 
there was no effect of acute stress on density of CB1 receptors in the amygdala [27].

 Chronic Stress
Chronic stress can downregulate the ECS, with resultant excessive stress responses 
and poor adaptation [6]. The sequela of chronic stress, in particular prolonged expo-
sure to stress hormones (e.g., cortisol), is often illness, including depression, cardio-
vascular disease, and cancer [8, 68].

Various animal experiments suggest that under conditions of chronic stress, the 
endocannabinoid signaling in the paraventricular nucleus (PVN, of the hypothalamus) 
is impaired, resulting in impaired “fast-feedback” inhibition of the HPA axis, some-
thing that may help explain the elevated glucocorticoid levels in chronic stress [3, 69].

Under chronic stress, the following changes in the ECS occur:

• CB1 receptors are downregulated: Generally, a downregulation of CB1 recep-
tor expression in most parts of the brain involved in the stress response occurs, 
with the exception of the medial prefrontal cortex (where research indicates 
homotypic and heterotypic stressors increase CB1 receptor expression at the 
level of mRNA, protein, and receptor binding).

• AEA is decreased: Sustained exposure to glucocorticoids upregulates CRH signal-
ing which consequently maintains increased FAAH and therefore decreased AEA 
levels. This contributes to the activation of the HPA axis, manifestation of anxiety, 
impairment of fear extinction, suppression of cell proliferation in the neurogenic 
region of the hippocampus, and development of anhedonia and hyperalgesia.

• 2-AG is increased: Increases in 2-AG levels (found in acute stress) are amplified 
under conditions of chronic (repeated) stress, possibly mediated by reductions in 
MAGL (which degrades 2-AG) [13], leading to habituation of corticosterone 
responses (in animals, the equivalent of cortisol in humans). Increased 2-AG 
levels help terminate the stress-induced activation of the HPA axis as well as 
contribute to habituation to stress [24].
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In animal experiments which are where much of our knowledge of mechanisms 
of action are gleaned, the effects of chronic stress on AEA, 2-AG, and CB1 recep-
tors depend on the nature of the stress experienced, including whether it is homo-
typic (repeated exposure to the same stressor, e.g., restraint stress, social defeat 
stress) or heterotypic stress (exposure to different types of stress) [24]. Table 3.1 
sets out the different effects of chronic homotypic stress and heterotypic stress on 
the endocannabinoids and CB1 receptors.

Mice experiments have demonstrated that stress-induced development of 
anxiety- like behavior is accompanied by the transient appearance of 2-AG-mediated 
long-term depression at GABAergic synapses in the basolateral amygdala (BLA, 
involved in motivation, affective regulation, and emotional learning) which is medi-
ated partly by downregulation of MAGL. It appears that endocannabinoid synaptic 
plasticity at inhibitory synapses within the amygdala and increases in 2-AG levels 
prevent the behavioral and synaptic adaptations to chronic stress and suggests the 
possibility that pharmacological enhancement of 2-AG levels might be a useful 
approach to treating stress-induced mental health disorders [13].

Table 3.1 Effect of chronic homotypic and heterotypic stress on the ECS (from [24])

Type of chronic 
stress
Endocannabinoid Chronic homotypic stress Chronic heterotypic stress
Level of 2-AG Levels increased; may be mediated by 

reduced levels of MAGL (the enzyme that 
degrades 2-AG) [24, 25]
Progressively enhanced levels in forebrain 
circuits which may mediate adaptation to 
stress and habituation of HPA axis [24]

Effects on 2-AG in various 
corticolimbic structures not 
consistent [24]
2-AG levels reduced in the 
hippocampus [70]

Level of AEA Levels reduced in the amygdala, 
hippocampus, medial prefrontal cortex, 
and hypothalamus (Hill et al. [3] in 
Morena), in response to increased FAAH 
(at least within the amygdala) [24]
Changes in AEA and FAAH probably 
mediated by chronic exposure to 
corticosterone, mediated through a CRH 
mechanism [24]

Effects on AEA and FAAH not 
consistent across animal 
studies
General sense that AEA 
signaling, especially in the 
amygdala and hippocampus, is 
compromised [24]

CB1 receptors Downregulation of CB1 receptor 
expression in the hippocampus, 
hypothalamus, striatum, and dorsal root 
ganglion [24]
Increased CB1 expression in medial 
prefrontal cortex [59, 71]
Desensitization of CB1 receptors on 
GABAergic terminals in BLA [72]. 
Effects mediated by corticosterone [24]

Downregulation of CB1 
receptor expression in the 
hippocampus, hypothalamus, 
striatum, and dorsal root 
ganglion
Increased CB1 expression in 
medial prefrontal cortex [59, 
71]
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 The Endocannabinoidome (Extended ECS) and Stress

As mentioned previously, the extended ECS has been termed the “endocannabi-
noidome” (be careful of the spelling; it is not –“diome” as in gut microbiome). The 
endocannabinoidome refers to bioactive derivatives, enzymes, transporters, and a 
plethora of receptor targets modulated by ECS components [65, 66]. Members of 
the extended ECS are also involved in responses to stress. For example, TRPV1 
plays an important role in regulating CNS function in response to stress. There is 
evidence that TRPV1 can modulate glial and neuronal activity, mediating several 
pathways including glial reactivity, cytokine release, synaptic transmission and plas-
ticity [73]. Another example is that peroxisome proliferator-activated receptor γ 
(PPARγ) is expressed in brain regions involved in regulation of psychological stress 
and aging such as the hippocampus, and may play a role in preventing the effects of 
aging and stress on the brain. It is also known that PPARγ agonists are able to reduce 
the physiological stress response [74]. These are only two examples to simply indi-
cate that the ECS involvement in stress regulation extends beyond the classic can-
nabinoid receptors.

 Genes, Stress, and the Endocannabinoid System

Polymorphisms in genes coding for components of the ECS may influence an indi-
vidual’s stress responses. Single nucleotide polymorphisms (SNPs) in CNR1, the 
gene that codes for CB1 receptors, have been found to be associated with stress- 
induced activation of the ventromedial PFC (the brain region which plays an impor-
tant role in regulation of emotions) as measured using magnetic resonance imaging, 
while under non-stress conditions, this genotype was associated with enhanced 
cross-talk with the vmPFC and amygdala. Research suggests that there may be a 
protective effect of this particular genotype of the CB1 receptor polymorphism 
(CNR1; rs1049353) against stress-related psychopathologies [75].

 Social Isolation
Rat experiments in which rats were socially isolated from weaning to adulthood 
found that the expression levels of CB1 receptors, DAGL-α, DAGL-β, MAGL, and 
NAPE-PLD mRNA, were significantly higher in several brain areas particularly the 
prefrontal area, cortical layers, and several thalamic regions. DAGL-β mRNA levels 
were significantly higher in the substantia nigra and ventral tegmental area, while 
FAAH mRNA expression was significantly lower in several prefrontal areas, corti-
cal layers, and the caudate putamen [76].

 Environmental Enrichment
Animal research (in mice) indicates that exposure to environmental enrichment dur-
ing early life stages was associated with differential regulation of genes encoding 
for various components of the ECS. An experiment compared expression of CB1, 
receptors, FAAH, and MAGL in various brain regions in mice reared under 

Endocannabinoid System and Stress Regulation



76

conditions of environmental enrichment compared to standard environments, from 
weaning to adulthood. They found that environmental enrichment increased CB1 
receptor mRNA levels in the hypothalamus and BLA but decreased them in the 
basomedial amygdala. They also found that FAAH mRNA levels were higher in the 
hypothalamus and BLA in mice reared under environmental enrichment conditions 
(no change in the basomedial amygdala), but MAGL mRNA levels were not affected 
in any of the brain regions investigated. The researchers surmised that these regional 
changes induced by environmental enrichment could indicate that early exposure to 
environmental enrichment can induce changes in the ECS that may result in reduced 
responses to stress, something they confirmed in findings that environmentally 
enriched mice had reduced stress responses (as measured in a novelty-induced sup-
pression of feeding test) [77].

 Early Life Stress and the Endocannabinoid System

The endocannabinoid receptors in the corticolimbic structures are critical to normal 
development, and if these receptors are altered by early life stress, brain develop-
ment can be altered resulting in emotional and cognitive dysfunction. Animal and 
human research indicates that environmental stress during periods of high neural 
plasticity (e.g., during pregnancy, childhood, and adolescence) can cause emotional 
disturbances [19, 21, 78–81]. The effects of early life stress may emerge later in life, 
during adolescence or adulthood [21, 79]. For example, early life stress is associ-
ated with post-traumatic stress disorder (PTSD) and major depression in adult-
hood [78].

 Early Life Stress, Corticolimbic System, and HPA 
Axis Development

Early life stress influences the development of the corticolimbic system and the 
HPA axis [21, 79] and increases vulnerability to adult psychopathology [79]. The 
corticolimbic system plays a key role in mediating the effects of early life stress on 
brain dysfunction later in life, and early life stress is a long-term risk factor for dys-
functional development of those limbic structures involved in stress and emotion 
regulation [79].

Severe early stress produces a chain of events involving stress-induced program-
ming of glucocorticoid, noradrenergic, and vasopressin-oxytocin stress systems 
which augment stress responses. These then produce effects on neurogenesis, syn-
aptic over production and pruning, and nerve myelination during sensitive develop-
mental periods, resulting in reductions in size of areas of the brain (mid-portions of 
the corpus callosum); attenuated development of areas including the left neocortex, 
hippocampus, and amygdala; and abnormal frontotemporal electrical activity and 
decreased functional activity of the cerebellar vermis. These changes may be the 
mechanism through which early stress increases the risk of developing mental 
health conditions including depression, PTSD, ADHD, and others [82].
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 Stress Responsivity

The ECS plays a crucial role in regulating stress responsivity and emotional behav-
ior during the child’s development and is sensitive to early life stress in a sex- and 
region-dependent way. The effect of early life stress on the ECS is bidirectional, that 
is, the ECS can reduce stress through its anxiolytic activity and environmental stress 
can alter the ECS anxiolytic capacity [21].

 Findings from Animal Models

Animal experiments have demonstrated that maternal deprivation and social isola-
tion in early life affect several parts of the ECS in neonate, adolescent, and adult rat 
brains, including altering CB1 mRNA expression and producing changes of can-
nabinoid receptors in corticolimbic and striatal brain areas [19, 21, 81]. In a rat 
experiment, using a maternal deprivation as a model for early life stress, researchers 
measured the expression of genes coding for CB1 and CB2 receptors, TRPV1 and 
GPR55 receptors, FAAH, MAGL, and enzymes involved in endocannabinoid syn-
thesis (N-acyl phosphatidyl-ethanolamine phospholipase D and diacylglycerol 
lipase) in various brain regions: frontal cortex, ventral and dorsal striatum, dorsal 
hippocampus, and amygdala. They found that maternal deprivation increased the 
expression of all genes measured in the frontal cortex in adolescent male rats, but in 
females this increase was in the hippocampus [81].

Since ECS signaling in the amygdala plays an important role in production of 
anxiety and excitation of the HPA axis, it is possible that impairment of CB1 recep-
tor signaling may sensitize the person to stress [21, 79].

 Early Life Stress and Genetic Patterns in Humans

Early life stress in humans has been associated with specific genetic patterns includ-
ing CACNA1C which encodes for an essential calcium channel that is part of ECS 
signaling. This channel relates to neuronal excitability, plasticity, and neurogenesis 
and was associated with childhood trauma leading to vulnerability to anxiety and 
depression [83]. Single nucleotide polymorphisms (SNPs) in CNR1 (gene coding 
for CB1 receptors) and the gene encoding for FAAH (specifically the genetic vari-
ant rs324420) are associated with bipolar disorder and major depression [84]. And 
even variants in CNR2 (codes for CB2 receptors) and the FAAH gene (functional 
polymorphism C385A) interact with childhood trauma and in anxious and depres-
sive phenotypes [85]. Furthermore, Juhasz et  al. [86] found that variants in the 
CNR1 gene are associated with high neuroticism and low agreeableness and inter-
act with recent negative life events to predict current depressive symptoms. It would 
therefore appear evident that genes play a significant potential role in defining sus-
ceptibility to life stresses, personality types, and behavioral responses. More 
research is needed to define the exact influence of the various endocannabinoidome 
permutations on personality and psychopathology.
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 Sex Differences in How Early Life Stress Affects the ECS

In a similar way that there are sex differences between the stress response along the 
HPA axis, evidence suggests that there are sex differences in the ECS.  Greater 
CB1R G-protein has been found in the hippocampus in males than females, but 
females showed greater CB1R G-protein activation, implying a more sensitive 
response of CB1Rs. It is possible that sex differences in the ECS could explain dif-
ferent responses to stressors [87].

Research indicates that early life stress decreases CB1 receptors in adulthood in 
males in the striatum, PFC, and amygdala (findings in females are not as clear) and 
increases gene expression for enzymes involved in endocannabinoid degradation in 
various brain regions (frontal cortex, striatum, hippocampus, and amygdala). Males 
also showed increased dorsal hippocampus prostaglandin products of arachidonic 
branch of the ECM.

In a rat experiment, early life stress demonstrated regional and sex-specific 
effects including:

• Impairing peripheral basal corticosterone (adult males only)
• Decreasing 2-AG and AEA in the cerebellar interpositus nucleus (males only)
• Decreasing 2-AG in the cerebellar Crus (females only)
• Increasing dorsal hippocampus prostaglandins (males only)
• Impairing social preference (females only) [87]

 The Gut and Stress

The gut is understood to play a critical role in the functioning of the immune sys-
tem, influencing inflammation and the nervous system [88]. The gut “microbiome” 
refers to the microorganisms within the gut which form part of a multidirectional 
communication network with the brain, the microbiome-gut-brain axis [89]. The 
ECS is an important translational mediator for this communication.

The gut microbiota play a key role in the regulation of the gut-brain axis [90]. 
Vagal and spinal afferent pathways provide the means of communication between 
the gut microbes and the central nervous system [90]. The gut microbiota also mod-
ulate immune signaling from the gut to the brain via the induction of various cyto-
kines [90].

 The Gut Microbiome and Stress

The gut microbiome is involved in the stress response. There is increasing evidence 
that the gut microbiome and brain and immune and endocrine systems are all in 
constant communication, and the gut microbiome is a key player in the stress 
response [8]. The microbiome-gut-brain axis is believed to mediate the interaction 
between stress, the HPA axis, and the immune system [91] and to regulate moods 
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and emotions. Stress can modulate the microbiota, and the microbiota can alter the 
set point for stress sensitivity [89].

The gut microbiota regulates the production of many neurotransmitters and their 
precursors including GABA, dopamine, acetylcholine, tryptophan, serotonin, and 
norepinephrine, and neurotransmitter imbalances or deficiencies are associated with 
mental health problems including depression and anxiety [89, 90]. Changes in 
GABA receptor expression are implicated in the pathogenesis of anxiety and depres-
sion, both of which are associated with functional bowel problems [92]. The gut 
microbiota can also secrete and upregulate essential proteins and metabolites 
involved in neuropeptide and gut hormone release, such as short-chain fatty acids 
and brain-derived neurotrophic factor [90].

 Microbiota Changes and Stress

Several preclinical studies have demonstrated clear links between stress and gut 
microbiota changes [8]. For example:

• Germ-free mice have an exaggerated HPA axis response to restraint stress which 
was reversed by mono-colonization with Bifidobacterium infantis [93].

• Lack of normal gut microbiota in mice is associated with decreased expression 
of BDNF in the hippocampus, a key protein involved in neuronal plasticity and 
cognition [94].

• Absence of the gut microbiota in rats has been found to exacerbate behavioral 
responses to acute stress and was associated with an altered neurotransmitter 
turnover rate in areas of the brain known to regulate reactivity to stress and 
anxiety- like behavior [95].

• Treatment of mice with Lactobacillus rhamnosus (JB-1) induced changes in 
GABA mRNA expression in areas of the brain and reduced stress-related corti-
costerone and anxiety and depression-related behavior, with the vagus nerve 
implicated as the major modulatory pathway between the gut and the brain [92].

Research also indicates that depression is associated with dysregulated gut 
microbiota composition [89].

 The Gut Regulates the HPA Axis

Evidence indicates that gut microbes may be involved in the development and func-
tioning of the HPA axis [90, 93, 96]. As we have seen, dysregulation of the HPA axis 
occurs in stress, as well as in anxiety and depression. The gut microbiota can con-
tribute to increased cortisol and inflammation, and inflammation can also feed into 
microbiota alterations through its negative effects on the gastrointestinal system 
[90, 97].
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 Leaky Gut and Mental Health

The gut has an important role in regulating intestinal permeability and maintaining 
the intestinal barrier. Deficits in intestinal permeability may be an etiological factor 
in chronic low-grade inflammation that can occur in some individuals suffering 
depression [98]. Gastrointestinal disorders, including exacerbations of their symp-
toms/signs, are often associated with stress.

Normally the intestine maintains tight junctions between the cells lining it. If 
these are compromised, the intestine lining becomes permeable or “leaky” [88], 
the so-called “leaky gut.” When there are high levels of cortisol and inflammatory 
mediators, these can increase the intestinal permeability, and Gram-negative bacte-
ria (which have an additional lipopolysaccharide [LPS] exterior membrane) can 
move into the bloodstream [90]. This can then induce chronic inflammation in the 
CNS [90, 99]. Inflammatory gastrointestinal conditions such as irritable bowel 
syndrome, understood to involve compromised intestinal permeability, often co-
exist with high rates of mental health conditions such as depression [100], lending 
further credence to the role of the gut in regulation of moods and emotion via the 
gut-brain axis [90].

A US study found that the prevalence and median levels of serum IgM and IgA 
against LPS of enterobacteria were significantly higher in patients with major 
depression than in controls [52]. Their results suggest that increased gastrointestinal 
permeability (leaky gut) with increased translocation of Gram-negative bacteria is 
involved in the pathophysiology of depression [52]. Systemic LPS and administra-
tion of proinflammatory cytokines can cause chronic central neuroinflammation, 
and central neuroinflammation is known to induce a sickness behavior complex that 
is similar to the symptoms of major depression (e.g., anorexia, malaise, loss of inter-
est, etc.) [52].

 The Endocannabinoidome, the Gut, and Links to Mental Health

There is a growing body of data that suggests that the gut, the brain, and the ECS are 
all interlinked when it comes to, at least some, mental health conditions. It is clear 
that the ECS plays a critical role in the functioning of the gut, given its wide distri-
bution in the gut where it regulates most gut functions:

• Gastrointestinal motility
• Gastrointestinal inflammation and gut permeability
• Nausea and vomiting
• Visceral sensation
• Immune homeostasis in the gut
• Energy balance
• Appetite/ hunger signaling [101–103]
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ECS dysfunction is associated with pathology in the gut including inflammatory 
bowel disease (IBD), irritable bowel syndrome, and obesity [102], and of course 
these conditions are inflammatory in nature. For example, CB1 receptor activation 
in the intestinal epithelium contributes to development of obesity and metabolic 
disease [104], and polymorphisms in the CNR1 gene (encodes for CB1 receptors) 
have been found to be associated with forms of irritable bowel syndrome [105]. 
Ulcerative colitis, one of the types of IBD, has been found to induce changes in the 
expression of the ECS in human colonic tissue [106].

Patients with visceral (abdominal) pain often find this is exacerbated by stress, 
and there is now evidence that the ECS modulates chronic stress-associated visceral 
hyperalgesia [103, 107]. CB1 receptors in sensory ganglia (that innervate the gut) 
control visceral sensation, and transcription of CNR1 (the gene encoding for CB1 
receptors) is modified through epigenetic processes under conditions of chronic 
stress. There appears a potential mechanism to explain the link between stress and 
abdominal pain: chronic stress induces visceral hyperalgesia through region-spe-
cific changes in endocannabinoid and endovanilloid (endogenous ligand for TRPV1) 
pathways in sensory neurons that innervate the pelvic viscera [103].

 Inflammation, the Gut, and the ECS

It appears that the gut, the ECS, and at least some mental health conditions (e.g., 
depression) may be linked, and this may be through inflammation. We have already 
seen that the gut microbiome plays a critical role in the functioning of the immune 
system, thereby influencing inflammation and the nervous system [88], and we also 
know that the gut is involved in the stress response. We also find that depression is 
associated with dysregulation of the gut microbiota composition, and in a later 
chapter, we will see that the ECS is altered in depression. There is also evidence that 
inflammation is involved in the pathogenesis of several other mental health condi-
tions, including anxiety, autism spectrum disorder, and Alzheimer’s disease (dis-
cussed in later chapters). If inflammation is indeed involved in the pathophysiology 
of mental health conditions such as depression [52], then since one of the roles of 
the ECS is to control inflammation, it stands to reason that the ECS may play a role 
in those mental health conditions [50], and where “leaky gut” is part of the patho-
genesis of a mental health condition such as depression, it would not be unreason-
able to posit that the ECS within the gut may be important in the body’s attempts to 
bring the gut back into balance.

Understanding the potential or indeed likely link between the gut microbiome, 
the ECS, stress, and mental health reminds us that when treating mental health con-
ditions such as depression, we should address any deficiency or dysfunction of the 
gut microbiota as part of a holistic treatment approach. This generally includes 
examining a patient’s diet and bacterial and possibly parasite exposures carefully. 
Of course, this is an area where more research is needed.

The role of the ECS in the gut and how it links with regulation of stress, emo-
tions, and mental health conditions are an area of research that will no doubt expand 
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in the future. In Chinese medicine, the link between emotions and dysfunction of 
organ systems, including (but not confined to) the digestive system, forms an impor-
tant part of its theoretical model of physiological functioning of the body [108]. 
Biomedical research is in the process of elucidating the mechanisms of how emo-
tions and the body are interrelated, albeit through the lens of its own (biomedi-
cal) model.

 Cannabis Exposure and Stress Responsivity

Research indicates that the use of cannabis (i.e., typically containing high levels of 
tetrahydrocannabinol, the exogenous cannabinoid that is associated with dose-
dependent intoxication) during adolescence, a time of maturation of the stress 
response system, can cause long-term alterations in stress responsivity, and canna-
bis use in adolescence has been associated with mental health conditions including 
depression and substance abuse disorder in adulthood in some preclinical and 
human studies [109, 110, 111] (discussed more in other chapters). For this reason, 
the recreational use of cannabis in adolescents should be avoided—this is a time of 
much neural plasticity and development of the brain and the ECS; therefore, expo-
sure to any environmental toxins that can negatively impact on the synaptic pruning 
and refining occurring during this sensitive developmental phase should be 
prevented.

 Conclusion

Stress is an increasing feature of our westernized lifestyles, and there is evidence 
linking it to many diseases including increased risk of cardiovascular disease, can-
cer, and mental health problems including anxiety and depression, sleep problems, 
and substance abuse. Stress impacts on the sympathetic nervous system and the 
HPA axis, and increasingly evidence implicates inflammation which may provide a 
common underlying pathway linking stress and stress-related illnesses. The ECS is 
involved in the regulation of stress and emotions, and when there is chronic stress, 
we also see changes in the ECS. The gut has gained increased importance within the 
scientific community, and it is clear that the ECS is critical in its homeostatic regula-
tion. It is therefore not surprising that there is increasing evidence linking the gut 
microbiome, the ECS, and the stress response. Inflammation appears to be one 
underlying factor linking some mental health illnesses, stress, the gut microbiome, 
and the ECS. In treating mental health conditions, it therefore is prudent to remem-
ber to address any dysfunction in the gut.
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Overview of Medicinal Cannabis

 Introduction

There is clear evidence from population studies that cannabis is commonly used to 
alleviate common mental health conditions, including depression, anxiety and stress 
[1, 2]. For example, in a 1986 survey, 72% of daily cannabis users reported use of 
cannabis to relax or relieve tension [3]. In another study, 50% medical cannabis 
patients using cannabis to treat pain reported it also provided relief from anxiety and 
stress [4]. A Washington State survey found the most frequently reported conditions 
for cannabis use were as follows: pain (61%), anxiety (58%), depression (50%), 
headache/migraine (35%), nausea (27%) and muscle spasticity (18%). On average, 
those surveyed reported an 86% reduction in symptoms and 59.8% of medical users 
used cannabis as alternative to pharmaceutical prescriptions [5]. In a recent survey 
by the USA Arthritis Foundation, 79% surveyed are currently using CBD, have used 
it in the past or are considering using it; 87% of those currently using CBD do so to 
manage their arthritis, with pain being the primary reason in 94% [6].

Further afield in Australia, in a survey of 1748 Australians using cannabis for 
medical reasons, prior to legalisation in 2016, the most frequent reasons for medi-
cal cannabis use were as follows: anxiety (50.7%), back pain (50.0%), depression 
(49.3%), sleep problems (43.5%), neck pain (25.6%) and post-traumatic stress dis-
order (22.9%). More than 80% respondents indicated that medicinal cannabis 
effectively managed their target symptom [7]. There is also evidence for its use in 
war veterans to manage symptoms associated with post-traumatic stress disor-
der [8–10].

Whilst cross-sectional surveys only give a snapshot in a particular population at 
a specific point in time, nonetheless they are a form of evidence that this plant may 
be beneficial in a range of mental health conditions. The remaining chapters of this 
book will delve more deeply into the preclinical and clinical research, exploring 
mechanisms of action and evidence of efficacy in relation to several common men-
tal health conditions.
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This Chapter
In Chap. 2 we learned about our own endocannabinoid system and in Chap. 3 we 
focused on the endocannabinoid system’s involvement in stress. These set the stage, 
to an extent, to understand why this plant called cannabis has beneficial effects as 
we make our own cannabinoids (endocannabinoids) and have a whole regulatory 
system, the endocannabinoid system, which has a range of receptors with which 
many of the constituents of cannabis interact. In this chapter, we will take a look at 
what medicinal cannabis is. This chapter will describe the taxonomy of the plant, its 
historical uses, and a little about the regulations, then delve into understanding the 
key active constituents (cannabidiol, tetrahydrocannabinol, terpenes) and their ther-
apeutic actions and mechanisms of actions, as well as the different forms of medici-
nal cannabis.

 Definition of Medicinal Cannabis

We define medicinal cannabis as:
Cannabis or cannabis products used specifically to treat illness and/or to pro-

mote wellness, and individualised to the patient.
Medicinal cannabis includes the raw herb, as well as proprietary forms of medi-

cines which include whole herb products, extracts of active constituents of the 
Cannabis sativa plant, as well as synthetic cannabinoid products (which we con-
sider as pharmaceuticals). Medicinal cannabis can be both an herbal medicine and 
a pharmaceutical. Both forms have a valid place in health and medical care.

Ideally medicinal cannabis should be prescribed by a knowledgeable healthcare 
practitioner, in particular if a patient is taking pharmaceuticals that it could poten-
tially interact with.

 Taxonomy: What Is in a Name?

Cannabis is plant and in its natural form, it is clearly an herbal medicine. It grows in 
the ground. There has been debate within the literature as to the taxonomy or 
nomenclature of Cannabis. The genus is Cannabis and the family Cannabaceae 
[11]. A taxonomy adopted by Small and Cronquist, based on combining morpho-
logical and chemical characters (fruit morphology and tetrahydrocannabinol, of 
which we learn about shortly), recognises four distinct taxa of the species Cannabis 
sativa. There are two main subspecies: C. sativa subspecies sativa and C. sativa 
subspecies indica, each of which have two different varietates [11].

According to this biphasic approach to taxonomy the varietates belonging to the 
subspecies sativa1 are common in North America, Europe and Asia. They show a 
limited intoxicant potential and are cultivated for fibre and oil. In contrast, the 

1 Cannabis sativa L. subsp. sativa var. sativa; and Cannabis sativa L. subsp. sativa var. sponta-
nea Vavilov
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varietates of the subspecies indica2 have high intoxicant potential (due to the pres-
ence of tetrahydrocannabinol, abbreviation THC, the only constituent in cannabis 
which is potentially intoxicating) and grow mainly in the Asiatic Continent [11, 12]. 
A more recent taxonomy recognises six different groups of cultivars- see [11] for 
discussion. There are hundreds of strains or ‘cultivars’ or ‘chemovars’ of the can-
nabis plant, the term ‘chemovar’ being preferred by some as it more accurately 
relates to the chemical constituents. The different cultivars have varying amounts of 
phytocannabinoids (the most well researched being THC and cannabidiol, abbrevia-
tion CBD) plus other active constituents, described shortly. Those strains or culti-
vars grown for the recreational or ‘adult use’ market are high in THC, specifically 
because THC is potentially intoxicating, producing a euphoric state of mind in suf-
ficient doses.

 Hemp

The term ‘hemp’ is used to describe those strains of cannabis which have very low 
amounts of THC. In the USA, the upper limit of THC in those plants designated as 
hemp is 0.3%. Typically, hemp varieties are grown for the clothing, building, ropes, 
food and cosmeceutical industries; however, hemp can be used to produce CBD 
medicines in some countries such as the USA. Suffice to say at this point in the 
book, hemp is still the plant cannabis but when you look at hemp cultivars, you will 
notice they are often larger and taller plants compared to cannabis cultivars used to 
produce flowers predominantly for the adult-use and medicinal markets. Quite sim-
ply, this is because it is the stems and leaves of the plant that are used for industrial 
use (the more the better).

 Hemp Oil and Hemp Seed Oil

Another distinction needs to be made: the term ‘hemp oil’ is often used in the USA 
to refer to CBD oil derived from hemp, CBD being a phytocannabinoid with medic-
inal properties which is produced in glandular structures predominantly on the flow-
ers (less so on other parts like leaves) of female plants. The term ‘hemp oil’ can also 
be used to denote the food stuff made from the hemp seeds, which do not contain 
phytocannabinoids (including CBD) unless as a contaminant from processing. It is 
our preference to delineate the two different kinds of products very clearly, using 
the term hemp seed oil to denote oil derived from the seeds, and the term hemp- 
derived CBD oil to denote the oil extracted from the buds/flowers and leaves of the 
hemp cultivars.

2 Cannabis sativa L. subsp. indica Small & Cronquist var. indica (Lam) Wehmer; and Cannabis 
sativa L. subsp. indica Small & Cronquist var. kafiristanica (Vavilov) Small & Cronquist
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 Historical Use of Cannabis as Medicine

Cannabis has been used medicinally for thousands of years. Neolithic evidence of 
cannabis use has been found 12,000 years ago [13], and cannabis has also been 
discovered in 2500-year-old Chinese tombs in Eastern China [14]. Fruit and seeds 
macrofossils have been found attached to potsherds in the Okinoshima Mesolithic 
archaeological site in central Japan dated about 10,000 years ago, during the Jōmon 
‘cord marked pottery’ culture (12500–2300 BCE) [15]. Cannabis was most likely 
introduced from Central Asia consistent with the origins of various palaeolithic and 
Bronze Age Siberians/Central Asians who initially populated the Japanese archi-
pelago [16].

 Cannabis in China

Cannabis has a long history of use in Chinese medicine. Given the use of hemp seed 
as food in ancient China, it was probably natural for the medicinal properties of the 
plants to be discovered, and it appears the use of cannabis as a form of medicine was 
a very early development in ancient China [13]. Its medicinal use in treating pain 
has been traced back to ancient Chinese texts, dating to 2900 B.C. In the ancient 
herbal medicine text, the Shennong Ben Cao Jing (Divine Husbandman’s Classic of 
Herbal Medicine, written between 200 and 250 CE), indications for the medicinal 
use of cannabis included constipation, gout, rheumatic pain, female reproductive 
tract disorders, malaria, beri-beri and absentmindedness [17, 18]. Cannabis was also 
used with wine in ancient China as an anaesthetic in surgery, when the famous 
Chinese medicine physician Hua Tuo (117–207 AD) used a decoction called ma- 
fei- san (hemp-boiling compound) taken with wine as an anaesthetic for abdominal 
surgery [13]. It is likely to have been much better than nothing!

A little later on in the history of Chinese medicine, we see notations of the dif-
ference between hemp seeds and the ‘fruits’ (ma-fen) in a text written around 
500 A.D. where the latter was said to have been used by magicians in combination 
with ginseng to set forward time to reveal future events [13]. This reference to magi-
cians is explained by the fact that in ancient China, like in many early cultures, 
medicine had a strong link with magic and medicine men were magicians. The tem-
poral distortions and hallucinations of cannabis were also noted in later dynasties by 
various authors of Chinese medicine texts such as T’ang Shen-Wei in the tenth 
century [13].

 Cannabis in Other Ancient Cultures

Records of the medicinal use of cannabis span many different cultures and countries 
throughout ancient and more modern history including Egypt, Persia, England, 
Spain and others. Such uses include many different types of clinical conditions 
including neuralgia, sleep, bipolar disease, anxiety, depression, mood, nervousness, 
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menopause, headache, migraine, tumours, convulsions, pleurisy, gout, post-partum 
haemorrhage and many more [19].

In ancient India, cannabis has been strongly associated with religious practices, 
with the Vedas stating that cannabis is ‘a source of happiness, donator of joy, and 
bringer of freedom’ [18] and indeed it is used in a beverage called ‘bhang’ today in 
celebrations. It was used in India for a range of conditions including as an analgesic, 
hypnotic, anti-inflammatory, antibiotic, anti-parasitic, anti-spasmodic, anaesthetic, 
diuretic, pro-digestive, appetite stimulant, antitussive, expectorant [18] as well as to 
treat anxiety [14, 19].

In ancient Egypt, use of C. sativa as medicine was extensively reported on 
Assyrian clay tablets and Egyptian Ebers Papyrus (3000 years ago) [20].

Cannabis was considered a sacred plant in several religions. In India and Tibet, it 
was used to facilitate mediation and communication with spirits, and in the Old 
Testament, the use of Cannabis sativa as incense and a sacred oil was also cited [20].

For a comprehensive chronology of the medicinal use of cannabis throughout 
history, see Russo [19].

 Medicinal Cannabis in the Western World

The spread of cannabis to western countries was likely to be via African slaves who 
were brought to the west by the Portuguese, and this is thought to be how cannabis 
took root in Brazil in the early 1500s. Through contact with African slaves, South 
American Indians began to smoke cannabis or marijuana and include it in their cer-
emonies. Cannabis use then spread further throughout Brazil, Mexico, Latin 
America, the Caribbean, and so too did its medical uses: cannabis tea was used for 
rheumatism, colic, female problems, toothache and sleep problems. In Europe, orig-
inally the focus was on hemp fibre rather than medicine, when in 1533 King Henry 
VIII ordered English farmers to grow hemp or risk paying fine [21].

As Lee [21] explains, indeed in the era of sea power, hemp fibre was a critical 
substance and for hundreds of years, the major European maritime powers relied on 
hemp for their ships (i.e. ropes and sails). It was being grown in the USA, and in 
1762 Virginia awarded bounties for hemp culture and manufacture, and imposed 
penalties on those who did not produce it. Even George Washington in 1765 was 
said to have grown hemp, and there is some conjecture it may not have just been for 
the fibre. In 1861, around the time of the American Civil War, hemp fibre was losing 
commercial value, becoming overtaken by cotton, and the steamship was also over-
taking ships powered by sails. However, its value as a medicine was surging and 
even Sir William Osler, founding father of modern medicine, endorsed the use of 
cannabis as the best treatment for migraines. Cannabis cigarettes for asthma, the 
inclusion of hemp in mustard plasters and muscle ointments and the use of cannabis 
as an analgesic was common [21]. Meanwhile in the UK, the personal physician to 
Queen Victoria, Sir John Russell Reynolds (1828–1896), prescribed hemp tincture 
to relieve painful menstrual cramps and also recommended it for insomnia [21].

Historical Use of Cannabis as Medicine



94

The introduction of the medical use of cannabis to western medicine in the first 
half of the nineteenth century is attributed to an Irish physician and a French psy-
chiatrist who spread its medical use from England and France to the rest of Europe 
then later, to North America [22]. Irish physician William B O’Shaughnessy first 
encountered cannabis in India and began to study its effects in animals and humans, 
whilst French psychiatrist Jacques-Joseph Moreau encountered it through Arabs 
and began his own studies using himself and his students. Moreau stated that hash-
ish was ‘a powerful and unique method to investigate the genesis of mental illness’ 
(Moreau 1845) [22].

For an excellent read about the history of cannabis, see the book Smoke Signals 
by Martin Lee.

 Regulations in the USA

In the USA, cannabis essentially became a prohibited substance for what are prob-
ably largely political reasons, with the passing of the Marijuana Tax Act 1937 that 
created an exorbitant tax for growing, possession and distribution. The American 
Medical Association tried to prevent the passing of this Act but to no avail. The plant 
was demonised by the head of the Federal Bureau of Narcotics and willing political 
helpers included a significant newspaper magnate, with quite the propaganda cam-
paign levelled against it. It became associated with a type of counter-culture, in 
particular it was associated with the jazz scene, as well as prominent African 
Americans including Malcolm X, Satchmo and others. Within 10 years of it being 
banned, the use of cannabis had almost doubled, such was the usefulness of legisla-
tion that criminalised it. See Martin Lee’s excellent book Smoke Signals [21] for the 
history.

Much of the misunderstanding or lack of understanding that abounds today is a 
legacy of the misinformation that has been propagated in the past, and the equating 
of recreational use (‘adult use’) of cannabis with medicinal use. As we will see later, 
cannabis is not one ‘thing’. Strains of cannabis bred for the recreational or adult-use 
market are much higher in one particular active constituent, THC, which produces 
the characteristic euphoric effects. Safety concerns are largely based on evidence 
associated with recreational use (which is usually smoking of strains with high THC 
content). More on this later.

Up until its prohibition in the USA, there were over 100 medical indications 
listed in the US Pharmacopoeia for cannabis. Yet to this day, under the Federal 
United States Controlled Substances Act, cannabis is considered a Schedule 1 drug. 
Schedule 1 is the most restrictive of the five schedules, defined as a drug/substance 
having a high potential for abuse, with no currently accepted medical use in treat-
ment, and a lack of accepted safety for its use under medical supervision. One can 
see the ridiculousness of the inclusion of cannabis as a Schedule 1 drug. Despite this 
federal prohibition, to date 33 states and the District of Columbia have legalised its 
medicinal use, and 10 states plus the District of Columbia have legalised recre-
ational or adult use [23, 24].
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 Active Constituents of Cannabis

Cannabis sativa has approximately 540 different secondary metabolites, including 
phytocannabinoids, terpenes and other constituents which are responsible for many 
of the plant’s therapeutic benefits [25].

The main constituents of the plant are as follows:

• Phytocannabinoids: There are more than 120 phytocannabinoids; responsible for 
defence and interaction with herbivores and pests.

• Terpenes (terpenoids): There are over 200 terpenes. These oils give the particular 
cultivar its characteristic aroma, for example, limonene gives a lemon smell, 
alpha-pinene gives a pine aroma

• Other plant nutrients including: Flavonoids, polysaccharides, coumarins, glyco-
sides, phenols, alcohols, steroids [12, 26]

 Where Are the Phytocannabinoids and Terpenes Found?

The secondary metabolites (phytocannabinoids, terpenes) are found in resin pro-
duced by glandular structures called trichomes on the flowers (made up of smaller 
florets), leaves, bracts and stems of the unfertilised female plants. The male leaves 
have few glandular trichomes that can produce small amounts [20]. Female plants 
produce much higher amounts of phytocannabinoids (reported 20 times higher) 
than male plants and for this reason they are preferred. Also, it is the seed-free, 
unfertilised female plants (termed sinsemilla) which produce a higher yield of phy-
tocannabinoids in the flower heads or buds than those that have been pollinated. 
Thus, in growing them, to avoid pollination the male plants must be removed to 
ensure the female plants are not exposed to pollination [12].

 Entourage Effect

Whilst the phytocannabinoids have received much of the attention in research and 
are understood to be responsible for many of the therapeutic actions of the cannabis, 
the terpenes and the other plant nutrients are understood to provide the ‘entourage 
effect’. The entourage effect refers to the physiological regulation by which multiple 
endogenous chemical components of the cannabis plant display a cooperative effect 
in eliciting a cellular response additional and/or synergistic to the actions of the 
phytocannabinoids [27]. This is an important point to understand, given the differ-
ent types of medicinal cannabis products on the market.

According to Russo, practitioner observations indicate that much lower doses of 
CBD are needed in the treatment of seizures when a small amount of THC, THCA 
[tetrahydrocannabinolic acid) and linalool (a terpene) are part of the medicinal can-
nabis product [19, 28]. There is also evidence from animal studies that CBD can 
enhance the efficacy of THC and mitigate some of its undesirable side effects (dis-
cussed later) [29].
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It is the authors’ opinion that whole plant extracts will be therapeutically more ben-
eficial and have less adverse effects than extracts of isolates of phytocannabinoids or 
synthetic copies of phytocannabinoids. Nature is not stupid, but humans often are.

 Cannabis Strains/Cultivars and Active Constituent Profiles

Cannabis is a plant. There are literally hundreds of strains or cultivars (cultivated 
varieties) of  C. sativa. There is some debate within the literature about the correct-
ness of the term ‘strain’ compared with ‘cultivar’ in relation to cannabis varieties. 
We will simply use the word ‘cultivar’. Each cultivar has its own chemical profile, 
that is to say, each cultivar will vary in the types and amounts of various phytocan-
nabinoids and terpenes. The term ‘chemovar’ is used to denote a form of classifica-
tion based on the chemical profile of the plant. These cannabis cultivars have been 
given rather interesting names including Afghan #1, Jack Herer, Gorilla Glue, OG 
Kush and Grape Diamonds. Many are hybrids of different subspecies (e.g. AK-47 
variety is a cross between Cannabis indica ssp. indica and Cannabis indica ssp. 
afghanica) [30]. Each cultivar has a characteristic phytocannabinoid and terpene 
profile, taste, aroma, duration of effect and effect on the body. In Michael Backes’ 
book Cannabis Pharmacy [30], the characteristics of various cultivars of cannabis 
are described in terms of aroma, taste, potency, duration of effects, psycho-activity, 
analgesia, muscle relaxation, dissociation, stimulant and sedation actions.

From the perspective of one of the authors who is trained in Chinese herbal medi-
cine (Kylie O’Brien), there is a wealth of empirical knowledge about the various 
strains or cultivars that is held by the growers, bud tenders (sellers of cannabis), those 
for whom cannabis is part of their culture (e.g. in Jamaica, Rasthafarians) and indeed 
those who have simply sampled a lot of the strains. For example, the aroma of the 
cultivar of cannabis, due to its terpene composition predominantly, provides an indi-
cation of the variety’s effects [30]. Those cultivars with a pine aroma (i.e. containing 
alpha-pinene) are typically varieties that are stimulating, whilst those with a lavender 
aroma (i.e. from linalool) are associated typically with varieties that are more sedative 
[30]. This is not unexpected. In Chinese medicine, the taste and temperature charac-
teristics of an herb are at least partly responsible for the therapeutic effects of an herb, 
and aromatherapy is a whole therapeutic modality based on our sense of smell.

This on-the-ground knowledge is not dissimilar to the way in which empirical 
knowledge was built up in Chinese herbal medicine, for example. In contrast, what 
is sold on the proprietary medicinal cannabis market (i.e. oils in bottles, capsules) is 
focused primarily on CBD and THC content and the relative percentages of each 
(and sometimes the terpene content). It seems that the variety and subtlety of the 
varieties of the raw plant have been lost in the production of proprietary medicines, 
perhaps a product of the reductionistic approach of biomedicine and pharmaceuti-
cals. Yet, understanding the properties and potential therapeutic effects of a wide 
variety of different whole-plant strains or cultivars scientifically is perhaps some-
thing that should be considered. It seems curious that the empirical knowledge of 
the bud tenders and growers is, largely, not being captured in the proprietary can-
nabis oil market, at least not yet.
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Through chemical and genetic fingerprinting, it is possible to precisely identify 
each cannabis chemical profile (ie. the chemovar) and genetic profile. Each variety 
of cannabis contains genes which determine its specific chemical expression, that is, 
the type and amounts of specific phytocannabinoids and terpenes. Chemical finger-
printing is used to determine the normal range of phytocannabinoids and terpenoids 
produced by a specific phenotype of a specific cannabis cultivar [30].

 Genes and Environmental Conditions
The two main factors influencing the formation of any cannabis cultivar are its 
genetics and the environment. The genotype is its blueprint for growth, and the 
phenotype is the physical expression of the genotype. The environment plays a vital 
role in inducing these characteristics coded in its genetic blueprint, and the plant’s 
colour, morphology, aroma and resin production are all impacted by the environ-
mental conditions in which it is grown [20].

The phytocannabinoid content of Cannabis sativa is influenced by environmental 
conditions such as humidity, temperature, radiation, photo-period length, soil nutri-
ents, parasites and time of harvest [27, 31]. Phytocannabinoids and several terpenes 
(in the leaves and flowers) act as a barrier to water loss [20]. Sparse rainfall, low 
humidity and sunny climate produce a plant rich in psychoactive components (i.e. 
THC) [20]. Soil nutrients can influence the cannabinoid production, as does humidity: 
there is increased phytocannabinoid content with decreased humidity [20].

One of the most important growth factors in cultivating cannabis is light: its qual-
ity, intensity and photo-period [32]. Exposure to high UV radiation produces signifi-
cantly greater contents of THC; THC is more stable to UVB radiations compared with 
the other phytocannabinoids which may be more rapidly degraded on exposure [33].

Phytocannabinoids and terpenes are protective: they block other sources of environ-
mental stress including attacks by bacteria, fungi, insects and competition with sur-
rounding vegetation [20]. Many of the terpenes in the resin such as pinene and limonene 
repel insects [34], and the resin may also show antibiotic and antifungal properties [35].

 A Word of Caution About Reductionism

The reductionist approach to understanding cannabis seeks to reduce its medicinal 
benefits to key active constituents, and then try to find out their mechanisms of 
action and therapeutic benefits, and synthetically copy them. This is the classic 
drug-discovery model. Such approaches were tried in Chinese herbal medicine last 
century, with little success. This is primarily because herbs are composed on many 
active constituents, and the reason that they are therapeutically beneficial is likely to 
lie in the synergism between these active constituents. We suggest the same caution 
here with the plant Cannabis sativa. It has over 500 active constituents, with hun-
dreds of different cultivars. The ‘entourage effect’ which describes the synergisms 
between the active constituents is likely to be the reason it is so beneficial. The ter-
penes, polyphenols and flavonoids have their own therapeutic actions.

With that said, let us now take a look at some of the key active constituents in 
the plant.

Active Constituents of Cannabis
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 Phytocannabinoids: Overview

There are 11 main classes of phytocannabinoids, and over 120 individual cannabi-
noids [12, 20]. The most well researched of these are tetrahydrocannabinol (THC) 
and cannabidiol (CBD), described in detail in the next sections. Phytocannabinoids 
are classified as neutral cannabinoids (without a carboxyl group) and cannabinoid 
acids (with a carboxyl group) [36].

The main subclasses or types of phytocannabinoids are as follows:

• Trans-Δ-9-tetrahydrocannabinol (∆9-THC)-type compounds
• Cannabidiol (CBD)-type compounds
• ∆8-THC-type compounds
• Δ-9-tetrahydrocannabivarin (D9-THCV)-type compounds
• Cannabichromene (CBC)-type compounds
• Cannabigerol (CBG)-type compounds
• Cannabinol (CBN)-type compounds
• Cannabicyclol (CBL)-type compounds
• Cannabinodiol (CBDL)-type compounds
• Cannabitriol t(CBTL)-type compounds
• Cannabielsoin (CBE)-type compounds

In the cannabis plant, cannabinoids are biosynthesised and accumulated as can-
nabinoid acids, and subsequently decarboxylated into their neutral forms [20]. For 
example, the plant produces cannabidiolic acid (CBDA) and tetrahydrocannabino-
lic acid (THCA). Heat, light and ageing cause decarboxylation of these compounds 
producing the decarboxylated species THC & CBD [12]. The acid forms of the 
main cannabinoids, THCA and CBDA have been found to have potent therapeutic 
effects also.

Only one of the phytocannabinoids has potentially intoxicating effects, in the 
sense of producing euphoria and other effects associated with smoking cannabis/
marijuana: that phytocannabinoid is THC [37]. Its acid form, THCA, does not have 
this effect [12]. CBD and indeed the other cannabinoids do not have any intoxicant 
ability either [38]. However, that is not to say that other constituents of cannabis 
such as CBD are not psychoactive, as several are such as CBD, which has anxiolytic 
actions for example. In relation to THC, we use the term ‘potentially intoxicating’ 
and we use the word ‘potentially’ as this euphoric effect is dose-related.

We will now look in depth at two key phytocannabinoids, CBD and THC.

 Cannabidiol

Cannabidiol (CBD) is one of the most well researched of the phytocannabinoids, the 
other being THC. Cultivars of the plant Cannabis sativa that produce CBD include 
those designated as ‘hemp’ (as discussed earlier, hemp being defined as a cultivar 
with a low amount of THC, typically less than 0.3%) as well as cultivars/chemovars 
that do not fall into the hemp category (typically those containing more than 0.3% 

4 Overview of Medicinal Cannabis



99

THC, at least in the USA). This is an important point from the perspective of the can-
nabis industry, in particular in the USA.  The passing of the US 2018 Farm Bill 
appeared to have exempted hemp from the Controlled Substances Act. However, the 
Drug Enforcement Administration and the Federal Drug Administration have resisted 
this law and its interpretation and has not officially legalised CBD use or distribution. 
Other world nations also have diverse and confusing laws and regulations for CBD.

 Therapeutic Actions of CBD

CBD has many therapeutic actions including the following:

• Analgesic
• Anti-nausea, anti-emetic
• Anti-convulsant/ anti-epileptic
• Anti-psychotic
• Anti-inflammatory
• Antioxidant
• Neuroprotective
• Anti-tumoral, anti-cancer
• Anxiolytic
• Antidepressant
• Anti-asthmatic
• Immuno-modulatory
• Anti-bacterial
• Antibiotic [27, 35, 39–43]

 What Conditions Can CBD Potentially Treat?
• There is evidence that CBD could be exploited in the treatment and symptom 

relief of various disorders including (but not limited to) the following:
• Acne [44, 45]
• Autism [46–48]
• Anxiety [49, 50], depression [51, 52], PTSD [53, 54], psychosis [55]
• Diabetes [56, 57]
• Epilepsy and seizures, including severe forms such as Dravet syndrome and 

Lennox- Gastaut syndrome [58–63]
• Inflammatory bowel disease (IBD) [64]
• Movement disorders (e.g. Huntington’s disease, amyotrophic lateral sclerosis) 

[65, 66]
• Multiple sclerosis [67]
• Nausea and vomiting [68, 69]
• Neurodegenerative conditions and diseases with proteinopathies, for example, 

Alzheimer’s disease [70]
• Pain and inflammation [71]
• Psoriasis [72, 73]
 and others

Cannabidiol
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 Mechanisms of Action of CBD

Unlike THC, CBD has very low CB1 and CB2 receptor affinity [74, 75], though its 
effects rely on the integrity of cannabinoid receptors [76, 77]. The actions of CBD 
are thought to be predominantly via activating the ECS indirectly, and through inter-
acting with other targets [75, 77]. This contention is supported by a meta-analysis 
of (in vitro and in vivo) studies of mechanisms of action which concluded that CBD 
does not act directly at CB1 receptors [29]. However, whilst many studies indicate 
that particular effects of CBD occur in the absence of CB1 and CB2 receptors (e.g. 
in cannabinoid receptor knockout mice which are mice bred to lack these receptors), 
there are opposing studies that indicate CBD’s effects are due to activating CB1 
and/or CB2 receptors [78].

Various reports in the scientific literature state that CBD acts as a weak agonist 
or inverse agonist or even an allosteric modulator of CB1 and CB2 receptors [29, 
78–80]. Its action appears to be concentration dependent since in the low nanomo-
lecular range CBD shows antagonism to CB1/2 receptors but has agonist or inverse 
agonist actions at micromolecular concentrations [81].

CBD does not produce the classic tetrad of actions mediated at CB1 receptors that 
THC elicits (analgesia, hypo-locomotion, hypothermia and catalepsy) [82]. Instead, 
it exerts CB1 receptor agonist-like activity in some in vitro functional assays in high 
concentrations likely induced by enhancing endocannabinoid tone [29].

 CBD Modulates Endocannabinoid Tone and Adenosine Tone
CBD can increase AEA levels and the mechanism by which it does so appears to be 
via inhibition of fatty amide binding protein (FABP) which carries AEA to FAAH 
[83]. CBD may also enhance endocannabinoid tone by activating phospholipase A2 
(PLA2), thereby mobilising arachidonic acid, which is used in the manufacture of 
AEA and 2-AG [29]. Since AEA does have affinity for CB1 and CB2 receptors (it is 
a partial agonist) and oxidation products of AEA produce metabolites that also have 
affinity for CB1 and CB2 receptors, AEA and/or its metabolites might explain reports 
that CBD is able to act via CB1 and/or CB2 receptors [78]. In this way, we can see 
that CBD can, via indirect methods, influence or modulate endocannabinoid tone.

In addition to being able to augment endocannabinoid tone, CBD is also able to 
augment adenosine tone by inhibiting adenosine uptake, acting as an indirect ago-
nist at A2A receptors. This has the opposite action: a consequence of agonism of A2A 
receptors in post-synaptic cells is prevention of glutamate mGlu5 receptor-mediated 
release of AEA and 2-AG through A2A/mGlu5 heteromers [29]. Thus, there are two 
opposing actions of CBD: enhancement of endocannabinoid tone (i.e. increased 
levels of endocannabinoids) and enhancement of adenosine tone (which decreases 
release of endocannabinoids); however, typically the balance favours enhancement 
of endocannabinoid tone [29].

 CBD Modulates Multiple Signalling Systems
CBD has been called a ‘promiscuous compound’ due to the fact that it exerts actions 
at multiple targets [29]. In addition to its effects on CB1, CB2 receptors, CBD is an 
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allosteric modulator of several other receptors (μ-,δ-opioid, dopamine D2, GABAA, 
glycine, some positively and some negatively) [29, 54, 79].

According to McPartland et al. [29], the ability of CBD to modulate many differ-
ent signalling systems as well as augment endocannabinoid levels is likely to pro-
duce different effects on the ECS and CB1 receptors, and these effects will depend 
on the organ or tissue or cell involved, but they are unlikely to be a result of direct 
actions at CB1 receptors [29].

CBD and TRPV1 Channels
CBD is an agonist of potential transient vanilloid type 1 (TRPV1) receptors [84]. 
CBD’s ability to bind and desensitise TRPV1 channels which may contribute to its 
anxiolytic effects [79, 85], and the effects of CBD on immune function may also be 
mediated by TRPV1 [78, 84].

CBD and PPAR Receptors
CBD is a PPAR-ϒ agonist, since in a rat model of Alzheimer’s disease, blockade of 
PPAR-ϒ was found to attenuate the inhibitory effects of CBD on reactive gliosis 
and consequent neuronal damage [86]. CBD can increase metabolism of palmi-
toylethanolamide (PEA) and oleoylethanolamide (OEA), both of which are PPAR-α 
agonists [69, 87] and therefore may indirectly affect PPAR-α.

CBD and Serotonin Receptors
CBD’s anxiolytic, neuroprotective and antidepressant effects are understood to be 
mediated by its ability to activate 5-HT1A receptors [83] and possibly also through 
binding and desensitising TRPV1 [79]. CBD also inhibits synaptosomal uptake of 
serotonin [88].

CBD and Orphan G-Protein Receptors
CBD antagonises the orphan G-Protein Receptor 55 (GPR55), a G-protein coupled 
receptor which is a member of the class of receptors called metabotropic receptors. 
When such receptors are activated, a variety of downstream effects in cells are trig-
gered, and the effects depend on the type of cell [89]. GPR55 has been found to be 
elevated in many different diseases including inflammatory bowel disease, bone 
remodelling, nervous system excitability, neutrophil migration, mast cell degranula-
tion, systemic vascular resistance and angiogenesis [90–93].

A study in a mouse model of Dravet syndrome (a condition associated with 
severe epileptic seizures) found that CBD’s ability to rescue Dravet syndrome 
symptoms, reducing seizures, is associated with increased inhibitory neurotrans-
mission and that this is potentially mediated by antagonism (blocking) of GPR55 in 
the hippocampus (a critical brain region for seizure activity) [94].

Increased levels of GPR55 have also been implicated in inflammatory bowel 
disease [95] and cancer [90, 93]. Blockade of GPR55  in a mice model of bowel 
inflammation has been found to reduce inflammation [95], and this could be the 
mechanism by which CBD may work in inflammatory bowel diseases [89]. 
Similarly, since studies in cancer cell lines and animal models indicate that elevated 
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GPR55 is associated with migratory ability in breast cancer cells [93] and has pro-
tumour activity [90], agents that are able to block GPR55 may be very important 
therapeutically.

CBD also acts as a partial agonist and antagonises THC at GPR18 [79]. Heteromer 
complexes between CB2 receptors and GPR18 in microglia have been implicated in 
Alzheimer’s disease [96].

CBD and Adenosine Receptors
The ability of CBD to enhance adenosine signalling by inhibiting uptake of adenos-
ine at A2A receptors, and in this way enhancing the anti-inflammatory effects of 
adenosine agonists, suggests a potential therapeutic role in pain and inflamma-
tion [71].

CBD and α3 Glycine Receptors
CBD exerts positive allosteric modulation of α3 glycine receptors which are 
involved in pain pathways [29]. Results from an animal study suggest α3 glycine 
receptors mediate CBD-induced suppression of chronic pain, with the CBD-induced 
analgesic effect absent in α3 glycine receptors knock-out mice (mice bred to lack α3 
glycine receptors) [29, 97].

Other Effects on Receptors and Neurotransmitters
CBD has antagonist activity on α-1 adrenergic and μ-opioid receptors [88]. CBD 
inhibits synaptosomal uptake of noradrenaline, dopamine and GABA [88]. It also 
modulates intracellular calcium levels via mitochondrial Na+/Ca2+ exchange and 
T-type and L-type voltage-regulated Ca2+ channels [29]. It has also been shown to 
be a Sigma 1 receptor (σ1R) antagonist [98].

CBD’s effects on various key receptors are set out in Table  4.1 (see text for 
references).

 Immunological and Anti-Inflammatory Effects
The evidence clearly supports the notion that CBD is immune suppressive with vari-
ous mechanisms involved, including direct suppression of activation of different 
types of immune cells, induction of apoptosis and promotion of regulatory cells 
which control other immune cell targets [78]. The effects of CBD on the immune 
system involve both the innate and adaptive immune responses.

Inflammation is typically associated with the innate immune response. Neutrophils, 
macrophages and other myeloid cells act quickly to destroy invading pathogens and 
also cause damage to tissues (though many types of calls produce proinflammatory 
cytokines in response to inflammation) [78]. If the innate response is not sufficient, 
the adaptive immune system responds, made up of B cells and T cells. T Cells have 
several actions: they can lyse/induce apoptosis of infected cells, or signal to other 
cells and recruit or activate them, with communication mediated by cytokines [78].

Current data indicate that immune effects of CBD are mediated through several 
receptor targets, including CB2 receptors, CB1 receptors, TRPV1, PPAR-ϒ, and 
adenosine A2A, inhibition of FAAH and blockade of GPR55 receptors [78].
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For example, when activated, CB2 receptors (located in abundance in cells and 
organs of the immune system) attenuate pro-inflammatory responses such as cyto-
kine release and immune cell responses. Although CBD has been found to be an 
inverse agonist of CB2 receptors, CBD use consistently leads to the reduction in 
pro-inflammatory markers including TNF-α, iNOS and COX-2 [29, 99]. In this 
case and others, CBD cellular action was blocked by CB2 receptor antagonists 
suggesting an agonist or allosteric function in different cell types [29, 100]. The 
contradiction may be explained by the formation of paired receptor-receptor het-
eromers leading to a unique signalling expression. This was shown in the case of 
CBD, a known agonist of the serotonin 5-HT1A receptor, which binds to a CB2 
receptor- 5HT1A heteromer to manage neonatal hypoxic-ischemic brain dam-
age [101].

CBD can reduce nitric oxide (NO) production in acute and chronic inflammation 
models and various disease models in animals, and several studies have shown that 
it inhibits many different inflammatory cytokines and transcription factors includ-
ing IL-1β, IL-2, IL-6, IL-12, IL-17, TNF-α, INF-γ, CCL3, CCL4 and NF-κB and 
increase anti-inflammatory cytokines such as IL-4 and IL-10 [29, 78, 79]. Studies 
indicate CBD mobilises AA by stimulating phospholipase A2 (PLA2) activity [79]; 
however, what happens next is not certain. Some studies have found CBD can 
inhibit the metabolism of AA to leukotriene B4 (LTB4) by 5-lipoxygenase, and 
other studies have found that CBD blocks the metabolism of AA to PGE1 or TxB2 
(via COX-1) or PGE2 (via COX-2) [29, 79].

For a summary of the many ways CBD regulates immune responses, see Nichols 
and Kaplan [78].

 Antioxidant Activity
Research indicates that CBD is a strong antioxidant. In general, CBD can reduce 
reactive oxygen species (ROS) in healthy cells (where ROS has been stimulated 

Table 4.1 CBD’s effects on key receptors

Receptor CBD effect
α-1 adrenergic Antagonist
μ−/δ-opioid Negative allosteric modulation
Noradrenaline Inhibits synaptosomal uptake
Dopamine Inhibits synaptosomal uptake
GABA Inhibits synaptosomal uptake
α3 glycine receptors Positive allosteric modulation
A2A receptors Inhibits uptake of adenosine at A2A receptors
GPR-18 Partial agonist
GPR55 Antagonises GPR55
5-HT1A-2A Activates 5-HT1A receptors
PPAR-ϒ Agonist
TRPV1 Agonist
PPAR-α Indirect action: increases PEA & OEA (known PPAR-α 

agonists)
Sigma 1 receptor (σ1R) Antagonist
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by particular agents) and induce ROS in cancer cells, which is an anti-cancer 
mechanism by which CBD induces cell apoptosis [29]. In glutamate neurotoxicity 
CBD was a more potent antioxidant than either ascorbate (vitamin C) or tocoph-
erol (vitamin E) [102]. However, there are cases of the converse being reported. 
For example, CBD at very low, sub-micromolar concentrations can also inhibit 
ROS formation induced by H2O2 in some cancer cells [103], and in the liver 
microsomes the metabolic derivative CBD hydroxyquinone has been found to be 
able to induce cytotoxicity by generating ROS [29]. And yet, liver toxicity from 
pharmaceutical CBD doses have been related to cholestatic patterns and not oxi-
dative stress [104].

 Anti-Bacterial Effect
CBD also shows much promise in treatment of bacterial infections [41], including 
methicillin-resistant bacterial strains (Gram-positive bacteria Staphylococcus 
aureus) [35, 39], other types of Gram-positive bacteria (including Streptococcus 
pneumoniae and Clostridioides difficile) and certain types of Gram-negative bacte-
ria including Neisseria gonorrhoeae (causes gonorrhoea) [39].

Part of the anti-bacterial mechanism may involve its effects on bacterial mem-
brane vesicles (MVs), of which there are many types. MVs are released from Gram- 
negative (Gm –ve) and Gram-positive (Gm +ve) bacteria to communicate with other 
bacteria as well as forming part of the host-pathogen interactions. MVs are impor-
tant in biofilm formation and dissemination of toxins within the host. MVs may be 
involved in antibiotic resistance, for example by protecting biofilms from antibiotics 
via increased vesiculation. They are released in greater abundance from Gm –ve 
than Gm +ve bacteria and are vital for bacterial survival.

CBD has been found to be a strong inhibitor of MV release from Gram -ve 
(E. coli VCS257) but not from Gm +ve bacteria (S. aureus subsp. aureus Rosenbach). 
Cell line research found that CBD is able to increase the bacterial action of several 
antibiotics in Gm -ve bacteria when used in combination, and also increased antibi-
otic effects of kanamycin in Gram +ve bacteria (without affecting MV release). 
CBD also changed the protein profiles of MVs released from E. coli after 1 h of 
CBD treatment. These findings suggest that CBD could be a useful adjuvant to 
selected antibiotics, depending on bacterial species, to increase antibiotic activity 
and help reduce antibiotic resistance [41].

 Cellular Benefits in the Central Nervous System
CBD has a range of benefits in the central nervous system (CNS), set out in Table 4.2. 
CBD is neuroprotective and its anti-inflammatory and antioxidant properties may 
underpin this [105].

Animal and human research has demonstrated therapeutic properties of CBD for 
brain function and neuroprotection, through direct effects on the ECS and influenc-
ing the endogenous endocannabinoids [42]. Such beneficial effects include decreas-
ing production of inflammatory cytokines, influencing microglial cells to return to a 
ramified state, preserving cerebral circulation during ischemic events and decreas-
ing vascular changes and neuroinflammation [106].
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Animal studies indicate CBD can attenuate brain damage associated with neuro-
degenerative and/or ischaemic conditions outside the endocannabinoid system. 
CBD appears to be able to stimulate synaptic plasticity and facilitate neurogenesis, 
which may help explain its effects in attenuating psychotic, anxiety and depressive 
behaviours [42]. How it does this involves multiple cellular targets to elevate brain- 
derived neurotropic factor (BDNF) levels, reduce microglia activation and decrease 
levels of proinflammatory mediators [42].

 Effects on Cardiovascular System
CBD has been found to be able to cause vasorelaxation in human mesenteric arter-
ies in an endothelium-dependent manner which involves CB1 receptor activation as 
well as TRPV channel activation, release of nitric oxide and potassium hyperpolari-
sation [81]. CBD has also been found to inhibit lipopolysaccharide-induced arterio-
lar and venular vasodilation. At concentrations above 100 nM, CBD has also been 
found to cause time-dependent vasorelaxation in rat aortae which was inhibited by 
a PPAR γ receptor antagonist and a superoxide dismutase inhibitor. CBD has been 
found to be a weak/partial agonist at the PPARγ receptor and PPARγ ligands have 
been shown to induce Cu/Zn-SOD (increased SOD activity reduces reactive oxygen 
species and thereby promotes vasorelaxation) [81].

GPR55 is closely involved with ox-LDL-induced foam cells. Foam cells form 
from macrophages overwhelmed by the abnormal uptake of modified (oxidised) 
low density lipoproteins (LDL) by way of scavenger LDL receptors. Modulating 
GPR55 could manage atherosclerosis and other related cardiovascular diseases. 
Furthermore, in acute coronary syndrome, CBD could block the effects l-α- 
lysophosphatidylinositol (LPI), an endogenous ligand for GPR55, that is elevated in 
this condition by acting as a GPR55 antagonist [107].

There is a growing body of evidence indicating that CBD can assist in conditions 
associated with endothelial dysfunction, for example, diabetes. CBD can decrease 
monocyte adhesion and trans-endothelial migration, which are part of the pathogen-
esis of atherosclerosis, (though this effect is not mediated through CB1 or CB2 
receptors). In animal models, CBD has been found to be neuroprotective against 
stroke, reducing infarct volume (an effect independent of CB1 or TRPV1 channels 

Table 4.2 Effects of CBD on central nervous system

Effects in neurons
Effects in 
endothelial cells Effects in microglia

Effects in 
oligodendrites

Decreased mTOR
Increased AEA, 
PPARα
Increased apoptosis
Enhanced 
antioxidant and 
neuroprotection
Improved plasticity 
and BDNF

Decreased pro- 
inflammatory 
cytokines
Decreased vascular 
cell adhesion 
molecule 1 
(VCAM-1)

Decreased pro-inflammatory 
cytokines, pro-inflammatory 
mediators NF-κB and 
inducible NO synthase release
Slows microglial cell 
migration

Enhanced 
antioxidant
Decreased 
endoplasmic 
reticulum stress

Maroon and Bost [42]
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but possibly mediated by 5HT1A since this was sensitive to a 5HT1A receptor 
antagonist). Neuroprotective mechanisms in stroke also include the ability of CBD 
to increase cerebral blood flow and reduce vascular permeability in the brain [81].

Finally, CBD can influence various blood cells. It can increase phospholipase A2 
expression and lipoxygenase products in platelets, and inhibit adenosine or norepi-
nephrine or collagen-induced platelet aggregation. It can also influence the survival 
and death of white blood cells, and white blood cell migration. Such abilities may 
be part of the reason as to why CBD can delay or prevent cardiovascular disor-
ders [81].

 Anti-Cancer Activity and Exosomes
CBD has been shown to have anti-cancer activity in many preclinical studies, though 
it is beyond the scope of this chapter to focus on those. However, we want to discuss 
one of the potential mechanisms of action of CBD which may involve exosomes and 
microvesicles (EMV) as it illustrates an important mechanism of action of CBD.

EMVs are lipid bilayer-enclosed structures which are released by cells. EMVs 
mediate intercellular communication through the transfer of proteins and genetic 
material and can affect many physiological and pathological processes including 
cell migration, differentiation and angiogenesis. Increased EMV release has been 
found in cancer, in particular in association with resistance to chemotherapy and in 
the active transfer of pro-oncogenic factors. Resistance to chemotherapeutic drugs 
may be partly due to EMV shedding from cancer cells which aids increased active 
drug efflux [40].

CBD is effective in several pathologies linked to EMVs including cancer, and 
appears to modulate mitochondrial function, including ATP, ROS, proton leak, and 
uptake and release of calcium. CBD has been found to significantly inhibit the 
release of EMVs in three cancer cell lines: prostate cancer (PC3), hepatocellular 
carcinoma (HEPG2) and breast adenocarcinoma (MDA-MB-231), in a dose- 
dependent manner. The mechanism of action may be associated with changes in 
mitochondrial function (specifically modulation of STAT3 and prohibitin expres-
sion). CBD was shown to sensitise cancer cells to cisplatin and significantly 
increased cisplatin-mediated apoptosis [40], suggesting a potential adjuvant role in 
those undergoing chemotherapy with this drug.

 CBD Antagonism and Potentiation of THC

CBD has been found to both antagonise and potentiate the actions of THC in many 
different animal and human studies.

 Potentiation
In both animal and human studies, CBD has been found to interact with THC in an 
additive or synergistic manner, to potentiate some of the effects of THC and miti-
gate some of the side effects [29]. As explained by McPartland et al. [29], in animal 
models of MS, muscle spasticity, epilepsy, chronic pain and inflammation, diabetes, 
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metabolic syndrome, anorexia and nausea, CBD has been shown to enhance the 
efficacy of THC, as well as mitigate side effects in various models of psychosis, 
anxiety and depression-anhedonia [29].

CBD’s ability to potentiate some THC effects may be additive or synergistic 
[29]. In human glioblastoma cells, CBD synergistically enhanced the inhibitory 
effect of THC on cell growth and survival [108]. Treatment of glioblastoma cells 
with the combination of CBD and THC significantly modulated the cell cycle and 
induction of reactive oxygen species (ROS) and apoptosis, and also modulated 
extracellular signal-regulated kinase (ERK) and caspase activities, effects that 
were not achieved with either THC or CBD alone [108]. McPartland et al. [29] 
propose several different non-CB1 receptor mechanisms by which CBD may 
potentiate the behavioural effects of THC.  One is via pharmacokinetic mecha-
nisms, as CBD has been found to increase the area under the curve of THC in the 
brain and in blood [109]. However, there are many other possible mechanisms. 
For example, CBD reduces inflammation and pro-inflammatory cytokines through 
TRPV1, A2A and PPAR-ϒ receptor mechanisms whilst THC reduces inflammation 
via actions mediated by CB1 and CB2 receptors. Another example is that CBD 
inhibits FAAH (the enzyme that breaks down AEA), thereby increasing the 
amount of AEA which suppresses pain via peripheral mechanisms, whilst THC’s 
analgesic effects are mediated via central CB1 receptors [29]. Thus, CBD is act-
ing either in an additive or synergistic manner to the actions of THC.  See 
McPartland et al. [29] for further mechanisms by which CBD may potentiate the 
action of THC.

 Antagonism
Despite the low binding affinity to the CB receptors, CBD acts as a CB1 inverse 
agonist or even antagonist at low molecular nM level in the presence of THC, atten-
uating the THC-associated adverse effects (e.g. anxiety, hunger, tachycardia and 
sedation) [27, 110]. Clinically, this is an important point as the combination of CBD 
and THC serves to help mitigate the euphoric effect of THC that is not always desir-
able for patients.

As explained by McPartland et al. [29], in terms of the ability of CBD to antago-
nise the effects of THC, CBD does not appear to directly block the effects of THC 
like the drug rimonabant (CB1 receptor antagonist). A systematic review found that 
the functional antagonism of THC by CBD may be mediated by non-CB1 receptor 
mechanisms which include the following:

• CBD augmenting AEA levels: Since CBD and AEA are TRPV1 agonists and 
pre-synaptic TRPV1 channel activation augments release of glutamate in the 
brain and spinal cord, this might counteract/antagonise the inhibitory action of 
pre-synaptic CB1 receptors that co-localise on glutaminergic neurons.

• CBD inhibiting adenosine uptake, acting as an indirect agonist at adenosine 
receptors, inhibits CB1 receptor-mediated effects.

• CBD acting as a direct and indirect agonist at 5-HT1A receptors, facilitating anx-
iolytic effects (THC has anxiogenic effects in higher doses) [29].
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 Cannabidiolic Acid (CBDA)

The cannabinoid acids are precursors of the natural cannabinoids. The acids of CBD 
and THC cannabidolic acid and tetrahydrocannabinolic acid (CBDA and THCA, 
respectively) are PPARγ agonists with potent neuroprotective actions, showing 
promise in the treatment of Huntington’s disease and other neurodegenerative/
inflammatory diseases [111]. CBDA may also demonstrate anticonvulsant activity 
which may be due to serotonergic activity [28].

In general, there is much more research evidence in relation to CBD than CBDA 
in terms of its pharmacological actions. However, there is evidence that like CBD,  
CBDA can activate the transient receptor potential cation channels, TRPV1 and 
TRPA1, and can antagonise TRPM8 [112, 113]. CBDA shows a distinct advantage 
over CBD in that it produces these effects with much less potency (than CBD) [68]. 
CBDA also shows 100-fold greater affinity for the 5-HT1A receptor compared with 
CBD [28, 68]. Animal studies indicate that CBDA is 1000 times more potent than 
CBD in reducing acute and anticipatory nausea [114].

Whilst CBDA’s actions may be more potent than CBD [68], in turn the methyl 
ester of CBDA may be more efficacious than CBDA itself [115]. The greater 
efficacy of CBDA and its methyl ester suggests that lower doses may be able to 
be used. This might also translate into a potential reduction in cost to the 
end user.

The research into the potential benefits of CBDA is largely preclinical: in vitro 
and animal research. Such research has elucidated the potential mechanisms of 
action of CBDA and demonstrated its efficacy in a range of health conditions. There 
are several promising areas of application which include the following:

• Anxiety [116]
• Depression [117]
• Inflammatory diseases [118]
• Diabetes [119]
• Cancer [120]
• Nausea and vomiting [68, 114]
• Seizures [28]

 Tetrahydrocannabinol (THC)

Δ-9 Tetrahydrocannabinol, abbreviated as THC, is the phytocannabinoid in canna-
bis that is ‘potentially intoxicating’, in the sense that it is responsible for the eupho-
ria and other effects on the mind that are commonly experienced when smoking 
cannabis. The term ‘potentially intoxicating’ is more accurate than ‘psychotropic’, 
and as stated previously, the word ‘potentially’ is included because any intoxicating 
effect associated with THC is dose dependent and depends on the individual. There 
is much variation in how individuals metabolise cannabis and its active constituents 
including THC.
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It should be remembered that the cannabis plant in its natural form contains the 
acid form of THC, tetrahydrocannabinolic acid (THCA). THCA has no intoxicating 
effect on the body. Thus, if you ingest the raw plant by juicing, for example, you 
will be ingesting THCA. As mentioned previously, it is only with exposure to light, 
age or on heating that the THCA is converted to THC via a process of decarboxyl-
ation (loss of the carboxylic acid group) [12].

 Therapeutic Actions of THC

THC has many therapeutic actions including the following:

• Analgesic
• Anti-inflammatory
• Bronchodilator
• Muscle relaxant, for example, for spasticity, spasms
• Antipruritic in cholestatic jaundice
• Neuroprotective antioxidant
• Anti-nausea and vomiting
• Anti-cancer
• Anxiolytic (dose dependent), depression, PTSD
• Stimulates appetite
• Relieves insomnia
• Anti-bacterial including methicillin-resistant bacterial strains
• Anti-ageing [27, 35, 69, 121–128].

THC has been found to have 20 times the anti-inflammatory power of aspirin and 
two times that of hydrocortisone [122].

 Mechanism of Action of THC

THC mimics anandamide and 2-AG by acting as a partial agonist at both cannabi-
noid receptors, CB1 receptors and CB2 receptors which are found in high concen-
tration in many types of tissue in the body [129]. This underlies many of its activities 
as a psychoactive agent, analgesic, muscle relaxant and anti- spasmodic [27].

As discussed in Chap. 2, CB1 receptors are found in most areas of the brain and 
the peripheral nervous system, as well as many organs. Pre-synaptic activation of 
CB1 receptors in neural tissue inhibits the release of neurotransmitters such as 
gamma-aminobutyric acid (GABA) and glutamate, causing inhibition of voltage- 
gated calcium channels and vesicle release. Whilst activation of CB1 receptors usu-
ally inhibits the release of neurotransmitters, studies in rats have conversely found 
that activation of CB1 with THC can increase the release of acetylcholine, dopa-
mine and glutamate in various brain regions [130–133]. This may be due to selec-
tive antagonism by THC of endocannabinoids, which has been reported when 
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observing the anti-anxiolytic effects of THC in mice [134]. This dual inhibitory- 
stimulatory modulation of neurotransmitter release mediated by THC is believed to 
be responsible for the depressant and excitatory effects of cannabis [110].

The brain’s endocannabinoid system has extensive interconnections with many 
neurotransmitter systems including dopamine, GABA, opioid and norepinephrine 
(NE). Activation of the endocannabinoid system by THC may have widespread 
indirect effects on the modulatory endocannabinoid-induced regulation of these 
other neurotransmitters [37].

 Anti-Inflammatory Effects
THC has strong anti-inflammatory effects on macrophages, NK cells and T lympho-
cytes including suppression of mitogen-stimulated proliferation, IL2 production, 
T-cell-dependent antibody responses and secretion of TNF-α [135]. THC has 20 
times the anti-inflammatory power of aspirin and 2 times that of hydrocortisone 
[122]. It is able to regulate the Th1/Th2 type cytokine balance in activated human T 
cells, polarising the immune response towards the Th2 phenotype which is benefi-
cial in inflammatory conditions [135, 136].

 Anti-Ageing Effects
Mice studies demonstrate that THC may have potential therapeutic uses in reversing 
age-related cognitive decline. Micro-dosing (i.e. use of low doses) with THC 
reversed age-related declines in cognitive performance of aged mice and was asso-
ciated with enhanced expression of synaptic marker proteins. Expression of three 
synaptic marker proteins was lower in mature mice compared to young mice, indic-
ative of age-related loss of synaptic connectivity, but THC treatment increased the 
levels of two of these markers (synapsin I and synaptophysin) in mature animals to 
levels observed in young mice (untreated with THC). THC also increased hippo-
campal spine density and altered the balance of inhibitory compared with excitatory 
synapses. THC was also found to affect molecular processes involved in cell plastic-
ity and signalling in mature animals. THC treatment was also associated with 
changes in gene profiles, and these changes and the associated improvements in 
cognitive function lasted for several weeks after the treatment was stopped [121].

THC was found to restore hippocampal gene transcription patterns such that the 
expression profiles of 12-month-old mice treated with THC were similar to mice 
aged 2 months (not treated with THC), and they further found that transcriptional 
effects of THC were dependent on glutaminergic CB1 receptors and histone acety-
lation (histone acetylation promotes cognitive functions), since blocking these pre-
vented the beneficial actions of the THC.  Transcripts which were upregulated 
included Klotho (Kl) (which extends lifespan in different species and improves cog-
nition), transthyretin (gene believed to be protective against Alzheimer’s disease) 
and brain-derived neurotrophic factor (enhances synapse formation and cognitive 
functions). Transcripts which were downregulated after THC treatment were genes 
associated with ageing: caspase-1 (involved in age-related impairments in cogni-
tion), and connective tissue growth factor (Ctgf) (which enhances the pro-apoptotic 
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activity of transforming growth factor β). This experiment, albeit in an animal 
model, suggests that restoration of CB1 signalling in old age might possibly be 
effective in treating cognitive changes associated with age [121].

This study is not an isolated one. In another mice study, old female mice 
(24 months old) were injected with a very low dose (0.002 mg/kg) of THC. They 
performed significantly better than untreated young mice aged 2 months in tests of 
memory and learning with the effects lasting for at least 7 weeks. A single injection 
of THC increased the level of Sirtuin1 in the hippocampus and frontal cortex in old 
mice for at least 7 weeks also (Sirtuin 1 is an enzyme shown to be involved in neu-
roplasticity and neuroprotection). Various brain regions were shown to have a larger 
volume and higher tissue density in old mice treated with THC [137].

Both studies indicate promise for the use of low doses of THC for safe and effec-
tive treatment of cognitive decline in humans. An advantage is that very low doses 
of THC will not produce the characteristic potentially intoxicating effects associ-
ated with higher doses.

 THCA-A

The term ‘THCA’ refers indistinctly to several acid derivatives of THC. More spe-
cifically, Δ9-tetrahydrocannabinolic acid A (THCA-A) is the acidic precursor of 
Δ9-THC. Biosynthesised from cannabigerolic acid, it accumulates in the glandular 
trichomes on flowers and leaves, representing up to 90% of the total THC contained 
in the cannabis plant. THCA-A slowly decarboxylates to form THC during storage 
and fermentation and can further degrade to cannabinol (CBN), due to temperature, 
light and auto-oxidation). Decarboxylation also occurs rapidly during baking of 
edibles, smoking, or vaporising.

In vitro research indicates that THCA-A interacts with several molecular targets 
and has anti-inflammatory, immunomodulatory, neuroprotective and anti-neoplastic 
properties. Some research seems to indicate that THCA-A acts via CB1 and CB2 
receptors [138–140] though other research found that THCA has immune-modulat-
ing properties that were not mediated through CB1 and CB2 receptor path-
ways [141].

Cannabinoid acids bind and activate PPARγ (with higher potency than their 
decarboxylated products) [111]. PPARγ is a nuclear receptor and key regulator of 
lipid and glucose homeostasis [142] and is also expressed in many other tissues and 
cell types [111]. It plays an important role in inflammatory processes and neurode-
generative diseases including Huntington’s disease [143].

Cell research indicates that THCA-A may exert immunomodulatory, anti- 
inflammatory, neuroprotective and anti-neoplastic effects [140]. In vitro and/or 
in vivo research into THCA-A indicates promise in the following areas:

• Anti-obesity [144]
• Neuroprotection [111] including Parkinson’s disease [145]
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• Nausea and vomiting [139].
• Anti-inflammatory [146]
• Anti-cancer [103, 147]

 Other Phytocannabinoids

 Cannabichromene (CBC)

In addition to CBD and THC, cannabichromene (CBC) is one of the most abundant 
cannabinoids in cannabis [27]. Indeed in some strains, it is the second most abun-
dant phytocannabinoid [148]. In terms of mechanisms of action, CBC inhibits endo-
cannabinoid cellular reuptake and is a weak inhibitor of monoacylglycerol lipase 
(MAGL), the key enzyme that hydrolyses 2-AG [112, 148]. CBC can potently acti-
vate transient receptor potential (TRP) ankyrin 1-type (TRPA1) channels [112].

Research has shown CBC to have the following effects: antimicrobial, anti- 
inflammatory, analgesic and antidepressant-like activity in rodents (see Izzo et al. 
[148]). CBC also seems to have some anti-cancer activity [103].

CBD appears to play a role in anti-nociception by stimulating the descending 
anti-nociception pathway in the dorsal ventrolateral periaqueductal grey via several 
different mechanisms [148]. These mechanisms may include activation of TRPA1, 
blocking the breakdown of endocannabinoids (and thereby increasing local endo-
cannabinoid levels), and possibly also by potentiating adenosine signalling [149].

In a mice model of gut inflammation, CBC reduced inflammation-induced (by 
croton oil) gut hypermotility (upper gastrointestinal transit); however, the mecha-
nism of action was not found to be dependent on cannabinoid receptors or TRPA1 
[148]. CBD did not affect upper gastrointestinal transit, colonic propulsion or whole 
gut transit in healthy mice [148].

 Tetrahydrocannabivarin (THCV)

Tetrahydrocannabivarin (THCV) is another cannabinoid which shows promise in 
the control of blood sugar and management of diabetes and obesity [150]. THCV 
suppresses appetite, increases satiety and can upregulate energy metabolism. It has 
been shown to reduce fasting plasma glucose compared with placebo and has also 
been shown to provide neuroprotection. It is an inverse agonist/selective or neutral 
antagonist of the CB1 receptor (though unlike the drug rimonabant which was also 
an inverse agonist/selective antagonist of CB1 receptors but was removed from the 
market due to unacceptable psychological side effects), THCV has not been found 
to cause the adverse effects of rimonabant [150].

THCV acts as an agonist or antagonist at CB2 receptors, depending on dose. It 
appears that THCV may prevent the psychological effects associated with THC; 
however, at this point the mechanism of action by which it does this remains 
unknown [150]. Mice studies indicate THCV produces hypophagic effects in fasted 
and non-fasted mice [151] and THCV has been shown to decrease food intake and 
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reduce body weight in mice models, indicating its anti-obesity effect is via food 
aversion [152]. Thus, THCV may potentially be useful in the management of obe-
sity as well as type 2 diabetes [150].

 Terpenes

The terpenes, the essential oils of Cannabis sativa, are a complex mixture of organic 
(hydrocarbon) chemicals. Key essential oils include terpenes and oxygenated com-
pounds such as alcohols, esters, ethers, aldehydes, ketones, lactones, phenols and 
phenol ethers [12]. Terpenes are usually the predominant, essential oils in cannabis 
and give the various cultivars their characteristic aroma [12, 26]. Terpenes are made 
up of units of isoprene: CH2 = C(–CH3)–CH=CH2. Monoterpenes consist of two 
isoprene units, whilst sesquiterpenes consist of three. The term ‘terpenoids’ indi-
cates related compounds, though this term is often used interchangeably with ‘ter-
penes’ [12]. Monoterpenoids usually make up most of the essential oils of 
cannabis [12].

Terpenes are produced in the same secretory glandular trichomes of the cannabis 
flower in which the cannabinoids are produced. The phytocannabinoids and the 
terpenes together make up the resinous secretion of the glands [12]. Terpenes serve 
a protective function for the plant and have various therapeutic actions [153].

There are over 200 terpenoids in the plant Cannabis sativa [27]; however, none 
are unique to cannabis [12]. Many other plants produce terpenes also. For example, 
when one walks in a pine forest, the α-pinene in the pine needles contributes to the 
relaxing feeling that typically is experienced. α-pinene is one of the terpenes found 
in cannabis.

Note that different cannabis strains/cultivars will produce a different ‘terpene 
profile’, that is, there will be particular terpenes in particular amounts in differ-
ent strains or cultivars of cannabis. It is the monoterpenes, limonene and pinene 
(which often comprise over 75% of the volatile constituents) that are mainly 
responsible for the characteristic smells of the different strains/cultivars of can-
nabis. For example, where there is a predominance of the terpene limonene, the 
plant will have a lemon scent [12]. The two most abundant terpenes in Cannabis 
sativa are the two monoterpenes α-pinene and limonene, followed by myrcene 
[12]. However, monoterpenes evaporate, faster than other components, and the 
composition of the essential oils in the harvested plant may differ from that of 
the fresh plant, as may the odour [12].

 Actions of Terpenes

Terpenes are lipophilic and have many sites of action including neurotransmitter 
receptors, muscle and neuronal ion channels, G-protein receptors, enzymes, cell 
membranes and second messenger systems [26]. Several terpenes such as α-humulene, 
geraniol, linalool and β-pinene have been found to produce cannabinoid tetrad behav-
iors in mice (antinociception, hypolocomotion, catalepsy, and hypothermia), 
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suggesting they behave like cannabinoids (ie. they have cannabimimetic activity). In 
vitro experiments also showed that these same terpenes all activated the CB1 receptor, 
while some activated other targets such as A2a receptors [154]. Terpenes may influ-
ence the binding of THC to CB1 receptors. They can also interact with other neu-
rotransmitter receptors that contribute to cannabinoid-mediated analgesia effects [26]. 
Terpenes, in particular, are thought to contribute to the ‘entourage effect’ in which 
there is synergism between active constituents which are likely to be responsible for 
the therapeutic efficacy of cannabis and mitigation of side effects of dominant active 
ingredients such as THC [155]. This notion of an entourage effect finds support in 
recent research that found that the cannabinometic activity demonstrated in mice 
(cannabinoid tetrad behaviours) treated with α-humulene, geraniol, linalool, and 
β-pinene were selectively additive with a CB1 receptor agonist (WIN55,212), sug-
gesting terpenes can increase cannabinoid activity [154].

Most of the research evidence in relation to the therapeutic actions of terpenes 
comes from preclinical research (cell lines, animals). Terpenes have several 

Table 4.3 Key terpenes and their therapeutic actions

Terpene Therapeutic actions
α-pinene Anti-cancer, anti-inflammatory, antioxidant, analgesic, anxiolytic 

and hypnotic effects
Can increase non-rapid eye movement (NREM) sleep without 
affecting the REM and delta activity
In humans, it has been found to be a bronchodilator at low levels 
and a broad-spectrum antibiotic against methicillin-resistant 
Staphylococcus aureus [153].

β-caryophyllene Cardio-protective, hepatoprotective, gastroprotective, 
neuroprotective, nephroprotective, anti-convulsive, anti- 
inflammatory, anti-cancer, analgesic, anxiolytic, antidepression 
and immunomodulatory actions [26, 153, 156, 157, 158, 159, 
153, 160]. Potent anti-inflammatory via PGE-1; gastric 
cytoprotective activities [161]
Anti-fungal, anti-bacterial (S. aureus), anti-malarial, anti-pruritic 
in contact dermatitis and can inhibit colitis in a mice model [26]
Selectively binds to CB2 receptors [161]. It is the only terpene 
that can act as an agonist of CB2 receptors, though it also acts on 
other receptors also [153]
Can sensitise cancer cells to conventional cancer drugs [159, 
162]
Shows promise in treatment of Parkinson’s disease [153]
PPAR alpha agonist [163]
PPAR gamma agonist [163]

umulene (α-caryophyllene) Anti-cancer, anti-allergic, anti-bacterial, anti-nociceptive, 
analgesic
Strong anti-inflammatory properties [26, 153]

Limonene Anxiolytic, antidepressant, stress reducing
Anti-convulsant
Anti-cancer and anti-tumour actions in several cancer cell lines
Can promote wound healing and anabolism
Reduces inflammation, oxidative stress
Ameliorates viral infections
Immuno-stimulating properties [153, 161]
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therapeutic actions including anti-inflammatory, anxiolytic, inducing apoptosis in 
breast cancer cells, broad-spectrum antibiotic and others [27]. Research indicates 
that terpenes may –increase blood-brain barrier permeability – this has led to a pat-
ent for a transdermal cannabinoid patch using a terpene as permeation agent [26].

There are several terpenes which have an effect on our emotions. For example, 
D-limonene has been found to be anxiolytic (human studies), reduces stress, depres-
sion, whilst B-myrcene has been found to be anxiolytic, sedative, hypnotic and 
sleep promoting, as well has having many other therapeutic actions [26, 153]. 
Table 4.3 sets out some of the terpenes and their therapeutic actions.

 Forms of Medicinal Cannabis

Medicinal cannabis comes in many forms. It may be used raw, for example, juiced. 
It may be dried and smoked, just as it is when used for ‘adult use’. The dried buds 
may also be vaped (placed in a vaporising unit) and inhaled that way. Major propri-
etary forms of medicinal cannabis include the following:

 1. Cannabis-based liquid extracts: nabiximols (a combination of equal parts THC 
and CBD)

 2. Phytocannabinoid botanicals: dense cannabis extracts manufactured as capsules, 
pills, sublingual sprays, suppositories, transdermal patches and topical ointments

 3. Single molecule drugs: synthetic or semi-synthetic prescription drugs (e.g. nabi-
lone, dronabinol which are FDA-approved) [14].

Table 4.3 (continued)

Terpene Therapeutic actions
Linalool (also found in 
lavender)

Research suggests that linalool is the active ingredient in 
lavender that confers its anti-inflammatory, anti-nociceptive, 
anti-bacterial, antioxidant, neuroprotective, hepato-protective, 
analgesic, sedative, anti-tumour, anti-convulsive, anti-microbial, 
antidepressant, sedative, anti-stress, anxiolytic and mood- 
stabilising effects [26, 153]
Several anti-cancer effects [153]

Myrcenea Anti-inflammatory, antioxidant, analgesic, sedative, hypnotic, 
sleep promoting, muscle relaxant, anxiolytic, neuroprotection, 
anti-ulcer (gastric), anti-mutagenic
Protects the skin against photo-ageing
Potential anti-osteoarthritic action [26, 153]

Nerolidol (also present as a 
low-level component in 
orange and other citrus 
peels) [27]

Sedative effect [164]
Enhances skin penetration of 5-fluorouracil [165]
Inhibits growth of leishmaniasis [166]
Anti-parasitic [167], anti-fungal [168], antimicrobial [169]
Anti-cancer actions found in two human carcinoma cell lines 
[170]; cytotoxic to human leukaemia HL60 cells [171] and found 
to inhibit colon carcinogenesis in a rat model [172]

aA review did not support the notion that the combination of myrcene and THC induces a strong 
sedative effect (‘couch lock’) [153].
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Many proprietary forms of medicinal cannabis products contain a mixture of two 
of the main active constituents, THC and CBD in varying ratios. Some contain CBD 
alone (no THC) commonly referred to as an ‘isolate’ product. Whole plant medi-
cines (phytocannabinoid botanicals) typically contain other cannabinoids, terpenes 
and other plant constituents. Similarly, ‘full spectrum’ extracts will contain a whole 
plant blend while ‘broad spectrum’ generally means whole plant but with no appre-
ciable THC.

 Oils Are Not Oils

Much has been written about the ‘entourage effect’ discussed previously. This term 
essentially means that those other active constituents, such as terpenes and other 
phytocannabinoids (other than THC, CBD), contribute to the overall therapeutic 
action of the key active constituent(s). Such a concept is the basis for understanding 
how herbal medicines work. It is the synergism between active constituents within 
a plant that are probably the reason for its efficacy. In Chinese herbal medicine, 
where typically several different herbs are prescribed in a medicinal formula (tai-
lored for the individual in terms of dosage and types of herbs), it is also the synergy 
between the herbs that is responsible for the therapeutic efficacy of the formula [173].

The problem that we see with the medicinal cannabis industry, at least in some 
countries where the industry is less mature, is the lack of knowledge by prescribers 
about the differences, therapeutically speaking, of different varieties or cultivars of 
cannabis and the lack of differentiation of cannabis oil products by cannabis com-
panies. This is certainly evident in Australia (which only legalized medicinal use of 
cannabis in 2016) in relation to cannabis oil products where the ratio of CBD to 
THC is often the main differentiating factor (though some companies are making a 
feature of their minor phytocannabinoids and terpenes). Yet, one only has to listen 
to a good budtender or read Michael Backe’s book Cannabis Pharmacy to realise 
that various cultivars have quite different effects, and it is likely this is due to more 
than the THC and CBD ratios. Things are changing fast in Australia, however, with 
a rise in popularity of vaporizing cannabis flower as a route of delivery over the past 
two years. This is likely to be patient-driven. In Australia we are now seeing can-
nabis companies advertising the relative proportions of ‘sativa’ and ‘indica’ in their 
flower strains as well as key terpenes, with descriptions of their various effects. 
Sativa-dominant varieties/strains are understood to have a more energizing and 
uplifting effect whilst indica-dominant strains are understood to be more calming, 
relaxing and sedative, however Backes argues that the descriptors are correct but the 
nomenclature wrong [30]. His argument is based on taxonomy. Nonetheless, this 
nomenclature appears to have stuck, for the time being at least.

The future is likely to be genetic testing to identify single nucleotide polymor-
phisms (SNPs, pronounced ‘snips’) for particular genes coding for various parts of 
the endocannabinoid system, as well as those that indicate a propensity to anxiety, 
depression and other states, and the matching of cultivars or strains in cannabis 
products to such SNPs.
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 A Gap in Our Knowledge: Lack of Studies in Whole Plant Extracts

Much of the data we have on efficacy and safety come from RCTs assessing syn-
thetic forms of medicinal cannabis (e.g. dronabinol) or limited forms of proprietary 
medicinal cannabis medicines such as nabiximols (combination of CBD and THC 
in an almost 1:1 ratio) rather than whole plant extracts of specific cultivars. Animal 
research tends to use pure isolates of CBD and THC in their investigations, reflec-
tive of a reductionist approach that typifies the drug-discovery model. The research 
focus on synthetic forms is understandable since pharmaceutical companies are able 
to patent these (and they have deep pockets).

There is a dearth of studies which have compared a whole plant extract with a 
plant isolate or a pharmaceutical drug (e.g. dronabinol, synthetic THC) in terms 
of efficacy and safety, though one meta-analysis has attempted to do so [174]. 
Such study designs are needed, albeit these are more complex and therefore more 
costly. Psychological effects have been found to occur more frequently with THC 
than whole cannabis [175]. This is likely to be due to the fact that other constitu-
ents of cannabis such as CBD and tetrahydrocannabivarin (THCV) work to miti-
gate the undesirable effects of THC as well as improving its therapeutic 
capacity [29].

 Superiority of Whole Spectrum CBD Over Pure CBD 
Isolate Demonstrated
A study in mice compared the effects of pure CBD isolate compared to a stan-
dardised CBD-rich plant extract in terms of its ant-inflammatory and analgesic 
effects. Mice were given these either intraperitoneally or orally. In terms of anti- 
inflammatory and anti-nociceptive effects, the pure CBD isolate was associated 
with a bell-shaped dose-response curve, whereas the dose-response curve for the 
plant extract was linear, with increasing responses on increasing doses (both oral 
and intraperitoneal administration). The plant extract reduced zymosan-induced 
paw swelling and pain in the mice and prevented in vivo TNF-α production and was 
more efficient in alleviating pain than the pure CBD isolate (p = 0.01). Significant 
pain relief was obtained at a dose of around 10 mg/kg CBD for the plant extract, 
whereas 25 mg/kg of pure CBD isolate was needed to achieve the same effect. The 
authors concluded that the other components in the plant synergise with CBD to 
achieve the anti-inflammatory and analgesic actions noted [176].

 Dangers of Meta-Analyses
There is a danger with meta-analyses in relation to summarising evidence about 
medicinal cannabis. Meta-analysis is a statistical method of pooling data from sepa-
rate RCTs to answer, from a statistical point of view, a question. Typically, this 
question is around efficacy, but it can also be applied to safety. In medicine, meta- 
analyses are considered the ‘gold standard’ in a hierarchy of evidence; however, 
both RCTs and meta-analyses are fundamentally limited in terms of applicability 
and methodological issues, including various forms of bias [177–179]. Synthetic 
cannabinoids and single isolates are likely to act very differently in the body to 
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whole plant extracts and if meta-analyses aggregate data from different forms, then 
we can lose very valuable information and reach erroneous conclusions.

We will investigate what the literature says in relation to efficacy (and where 
available, safety) of whole plants versus isolates and synthetic cannabinoids for dif-
ferent mental health conditions in the individual chapters.

 Routes of Delivery and Pharmacokinetics

The topic ‘Routes of Delivery and Pharmacokinetics’ is covered extensively in 
Chap. 11. What follows here is a quick summary of key points.

The various forms of delivery include the following:

 1. Inhaled: smoking, vaporising (vaping)
 2. Oral: liquid, edibles, tablets, capsules, sprays, fresh juice
 3. Topical: creams, balms, patches
 4. Other: intranasal, suppositories (rectal, vaginal)

Each of these delivery methods has particular advantages, depending on the clin-
ical condition involved and the patient’s preference. Essentially, for a rapid action, 
routes that bypass the first-pass mechanism of the liver and deliver the active ingre-
dients of the medicinal cannabis product into the bloodstream (e.g. inhalation, sub-
lingual wafers or sprays, oromucosal sprays, intranasal sprays) are preferred. For a 
longer duration of action, oral routes of delivery are preferred and are convenient.

 Inhalation

Smoking heats cannabis to high temperatures, 600–900 °C. Smoking cannabis is 
associated with toxic by-products including tar, PAH (polycyclic aromatic hydro-
carbons), carbon monoxide (CO) and ammonia (NH3). Chronic use has been found 
to be associated with respiratory symptoms including cough, bronchitis and 
increased phlegm, but there is no evidence that it causes lung cancer or chronic 
obstructive airway disease (COPD) [124, 125].

Vaporising or vaping heats cannabis at a lower temperature (160–230 °C). It has 
some advantages over smoking in that there is no side stream smoke (and thus fewer 
concerns about passive smoking), it has fewer toxins (CO is reduced, though PAHs 
are not completely eliminated), it produces much less harmful by-products and 
fewer pulmonary symptoms are reported [124].

Advantages to smoking and vaporising are that the active constituents pass 
quickly into the bloodstream via the highly vascularised lung tissue, bypassing the 
‘first-pass mechanism’ of the liver. Thus, onset of action is faster than with the oral 
route which may be advantageous for treating acute exacerbations of symptoms/
signs (e.g. pain and nausea).

4 Overview of Medicinal Cannabis



119

 Oral Route

Oral routes of delivery of cannabis include oils, capsules, tinctures, lozenges, edi-
bles, juicing fresh plants and cannabis teas. Nabiximols is an oromucosal spray 
which delivers a standardised dose of CBD and THC [124]. Sublingual wafers that 
deliver via the sublingual blood vessels are also on the market. The oral route has 
the advantage of convenience, and their duration of action is much longer than 
smoking/vaporising. Thus, these may be more advantageous for treatment of 
chronic illnesses.

 Topical Route, Other Routes

Topicals are ideal for localised symptoms including skin conditions and arthritis, 
though there is less research available with respect to efficacy [124]. Suppositories 
may be indicated for treatment of specific conditions (e.g. rectal cancer). However, 
there is variable absorption [124]. The intranasal route is another potential deliv-
ery form.

 Bioavailability of CBD

Bioavailability of CBD are much higher with inhalation compared with oral admin-
istration [110]. CBD bioavailability following inhalation has been found in one 
study to be 31% [180]. Other studies have suggested it is similar to that of THC 
[181]. CBD has a low and highly variable oral bioavailability, estimated at 6–10% 
due to the first-pass mechanism of the liver [110], though some studies have reported 
figures of 13–19% [182]. In a study of the intranasal delivery of CBD in rats, bio-
availability was 34–46% [183].

 Bioavailability and Onset and Duration of Action of THC

The bioavailability for inhalation of THC is variable, somewhere between 10 and 
35% [155, 161, 180, 184–186]. The bioavailability of oral consumption of THC is 
between 4% and 20% and is lower than for inhalation [187], due to the fact that the 
cannabinoids undergo extensive first-pass metabolism by CYP450 genes in the 
liver, prior to entering the systemic circulation [110].

Onset of action of inhaled THC (5–10 min) is much quicker than the oral route 
(between 30 and 80 min) [124]. Duration of effects are longer for oral administra-
tion of THC (6–8 h) compared with inhalation (2–4 h) [124, 188], and this can be an 
advantage in treating more chronic conditions.

See the Chap. 12 at the back of this book for a comprehensive exploration of 
metabolism and pharmacokinetics of cannabis.
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 Safety

The topic of safety is covered extensively in Chap. 11.

 Going Forward: The United Nations and the Single Convention

Statutory forms of regulation should be about safety, and not about political agen-
das. More broadly on the world level, cannabis and cannabis resin were until 
recently included in Schedule IV, with extracts and tinctures included in Schedule I 
of the Single Convention on Narcotic Drugs, as amended by the 1972 Protocol (the 
‘Single Convention’) [189].

The majority of the member countries of the United Nations (UN), including 
Australia, are parties or signatories to the ‘Single Convention’. This convention is 
an international treaty to control the production, trade and use of specific drugs, that 
is, narcotics and drugs with similar effects. Parties to the Single Convention are 
required to establish or adjust national legislation to conform to the requirements of 
the Single Convention.

The Single Convention’s Schedules of drugs range from most to least restrictive, 
in this order: Schedule IV, Schedule I, Schedule II, Schedule III. Under the Single 
Convention, Schedule IV drugs [189] are those with strong addiction-producing 
properties or have a high liability of abuse that cannot be offset by medical benefits 
or that poses a risk too great to public health to hazard using them commonly in 
medical practice. Drugs in Schedule IV are subject to the same controls applicable 
to Schedule I drugs [190].

In June 2018, the World Health Organization (WHO) Expert Committee on Drug 
Dependence (ECDD) recommended that preparations considered to be pure CBD 
not be placed under international drug control as the substance was not found to 
have psychoactive properties and presents no potential for abuse or depen-
dence [191].

At the end of 2020, the Commission on Narcotic Drugs voted to remove cannabis 
and cannabis resin from Schedule IV of the Single Convention, though it remains on 
Schedule I. They rejected the WHO recommendation that CBD (with 0.2% or less 
THC) should not be subject to international controls (https://news.un.org/en/
story/2020/12/1079132).

We thus still have some ways to go.

 Conclusion

Cannabis has been used for thousands of years medicinally by humans. It is a valu-
able herbal medicine. Key active constituents include phytocannabinoids, terpenes 
and other plant nutrients. It is likely that the synergy between the active constituents 
is responsible for its therapeutic actions. Medicinal cannabis comes in many different 
forms. Medicinal cannabis is not one ‘thing’. There are cannabis-based products, 
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whole plant extracts and synthetic copies of key molecules such as THC. Proprietary 
products tend to differ in the amounts of key phytocannabinoids, THC and 
CBD. There are different methods of delivery including inhalation, oral administra-
tion, external application and others. Ideally, the choice of product and delivery route 
will depend on the condition and individual preference.

Cannabis has been demonised in the USA and other western countries over the 
past hundred years, unfairly so, and the political fighting continues around the 
world. Regulatory changes are occurring worldwide, with more countries opening 
up access, at least to medicinal cannabis.
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Anxiety

 Introduction

Anxiety and depression are the two most prevalent forms of mental illness, with a 
heavy burden in terms of personal suffering, as well as socially and economically 
[1]. Chronic pain, anxiety and depression are often comorbid. Compared with the 
general population, people suffering from chronic pain are up to four times more 
likely to meet the diagnostic criteria for mood and anxiety disorders [2].

Surveys indicate that cannabis is commonly used to alleviate anxiety, stress, 
depression and sleep disorders [3–7]. An early survey published in 1986 found that 
72% of daily cannabis users reported the use of cannabis to relax or relieve tension 
[8]. A US survey found that 50% of medical cannabis patients using cannabis to 
treat pain reported that it provided relief from anxiety and stress [9]. Another survey 
of 1429 medicinal cannabis users found that the most frequently endorsed reason 
for medical cannabis use was managing pain, anxiety and depression (>58% use to 
manage anxiety and >50% use to manage depression) [10]. Other cross-sectional 
studies have found that posttraumatic stress disorder (PTSD) patients reported using 
cannabis to cope with hyperarousal and sleep [11–13]. A systematic review and 
meta-analysis of empirical studies of patient-reported use of medicinal cannabis for 
pain, anxiety and depression (13 studies) found that 51.7% of those surveyed use 
medicinal cannabis for anxiety (34.7% for relief from depression symptoms and 
67.2% for pain) [14].

In the USA, where medicinal cannabis is available, prescriptions for anti-anxiety 
medications have also decreased significantly [15]. Women, it appears, are also 
more likely to use cannabis to cope with anxiety than men [16]. This study finds 
support in another study of 1513 patients at a New England medical cannabis dis-
pensary, which found that 71.8% had decreased their use of anti-anxiety medica-
tions since they started medicinal cannabis use [17].

Further afield in Australia, the Cannabis As Medicine Study (CAMS-16) con-
ducted in 2016 surveyed 1748 Australians who were using cannabis for medical 
reasons, prior to legalisation of its medical use (recreational use is still illegal in 
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most states and territories, with the exception of the Australian Capital Territory, 
which legalised its use early in 2020). The most common reasons for medical can-
nabis use were anxiety (50.7%), back pain (50.0%), depression (49.3%), sleep prob-
lems (43.5%), neck pain (25.6%) and PTSD (22.9%). More than 80% of respondents 
indicated medicinal cannabis effectively managed their target symptom [18]. The 
consistency of reported purpose of use for medicinal cannabis in these countries 
alone suggests that cannabis is not being used for mere recreation or psychotropic 
effects. Surveys also demonstrate that medicinal cannabis has also been found to 
improve the quality of life and relieve anxiety [19].

This Chapter
Whilst much of the current pharmacological treatment of affective disorders is 
focused primarily on augmenting monoaminergic (serotonin, dopamine primarily) 
transmission, there is a growing attention in the literature of the role of neuropep-
tides, cytokines and bioactive lipids in the pathogenesis of anxiety and mood disor-
ders [20]. The endocannabinoid system (ECS) is a complex and sophisticated 
signalling system. This chapter will explore how the ECS is involved in anxiety and 
the preclinical and clinical evidence for the use of medicinal cannabis in its treat-
ment. Whilst we focus on evidence in relation to CBD and THC, we also look at a 
few of the other plant nutrients including terpenes. We conclude with two case stud-
ies from Dr. Blair’s practice including dosing tips for clinicians.

A note of caution: much of the preclinical research (animal studies) is conducted 
using purified isolates of CBD and THC. However, we need to remember that can-
nabis is a plant with at least 540 secondary metabolites, and other phytocannabi-
noids and terpenes have a clear role to play in its therapeutic effects, including 
treatment of anxiety. We therefore should try to keep this in mind when we interpret 
the research findings that are often largely related to pure isolates and not whole 
plant medicines. We suggest caution in extrapolating the findings of studies of syn-
thetic copies of single molecules to whole-spectrum plant medicines. Instead, seek 
to understand if there are differences in efficacy and safety profiles which may then 
guide your choice in clinical practice. After that brief lecture, let us get on with 
understanding more about anxiety.

 Anxiety: Overview

Anxiety is a natural and usually short-lived reaction to a stressful situation. Who has 
not felt a bit anxious before a job interview, an exam, a date or even a visit to the 
doctor? The American Psychological Association [21] defines anxiety as ‘an emo-
tion characterised by feelings of tension, worried thoughts and physical changes 
like increased blood pressure’. However, anxiety is pathogenic when the emotional 
response is disproportionate to the cause (i.e. in duration, intensity or frequency) 
and where it stops a person leading a normal life [22].

Anxiety disorder is characterised by severe, frequent, recurring and persistent 
anxiety symptoms. Anxiety disorders are very common. They affect around 14% of 
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Australians each year and are the most common type of mental health disorder in 
Australia [23]. In the USA, an estimated 19.1% of adults had any anxiety disorder 
in the past year, and an estimated 31.1% of adults experience any anxiety disorders 
at some point in their lives [24]. Past year prevalence for any anxiety disorder was 
higher for females (23.4%) than males (14.3%) [24]. Anxiety disorders share fea-
tures of excessive fear and anxiety which can cause psychological and physical 
symptoms that can, in turn, cause significant distress and interfere with functioning 
in social, occupational or other areas of life [22].

 Types of Anxiety Disorder

Anxiety disorders can manifest in different forms and for varying durations. For 
example, anxiety may be continuous and daily (generalised anxiety disorder) or can 
manifest as acute and debilitating episodes of extreme anxiety (panic attack disor-
der) [25].

There are six main types of anxiety disorder:

• Generalised anxiety disorder: characterised by persistent, excessive worry, 
often about daily life situations, e.g. work, family, health

• Social anxiety disorder (SAD): characterised by severe anxiety about being 
viewed negatively by others or criticised by others, leading the person to avoid 
social situations

• Obsessive compulsive disorder (OCD): characterised by obsessions (recurring, 
persistent and distressing thoughts, images or impulses) or compulsions (to carry 
out repetitive behaviours or rituals or mental acts, e.g. repetitive handwash-
ing) or both

• Panic disorder: characterised by repeated and unexpected panic attacks which 
have no apparent trigger

• Specific phobia: characterised by extreme fear and anxiety of particular objects 
or situations, e.g. arachnophobia

• Agoraphobia: characterised by intense anxiety in places or situations where the 
person feels it would be difficult for them to get out of quickly or get help if 
needed (e.g. being in a crowd) [23]

 Associated Comorbidities

Anxiety is often comorbid with other conditions, including depression, sleep disor-
ders and chronic pain, to name only a few. In a given 12-month period, an estimated 
10–20% of adults will visit their primary care physician during an anxiety or depres-
sive disorder episode, with more than half of these suffering from a comorbid sec-
ond anxiety or depressive disorder [26]. Comorbidity of anxiety and depression is 
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associated with greater chronicity, slower recovery, increased recurrence rates and 
greater psychosocial disability, plus increased use of medical services [26] and 
therefore economic and societal cost. An estimated 58% of patients with a major 
depressive disorder have a lifetime anxiety disorder [27].

Sleep disorders such as insomnia are also comorbid with anxiety disorders. Some 
studies indicate that where sleep disorders are associated with anxiety disorders, 
there is increased morbidity. For example, in PTSD patients, insomnia is associated 
with increased likelihood of suicidal behaviour, depression and substance abuse 
[28]. Not surprisingly, the relationship between insomnia and anxiety disorders is 
also affected by the presence of comorbid major depressive disorder [29].

Anxiety is one of several comorbidities of chronic pain. Anxiety can be a 
response to other symptoms of other diseases, for example, asthma [30], and can 
manifest in relation to fear of dying, for example, in cancer patients [31].

In western medicine, these conditions are often treated separately, using different 
medications with often resultant polypharmacy and all the potential for side effects 
and drug interactions that go along with that, symptomatic of a reductionist 
approach. The beauty with forms of herbal medicine is that often one herb (in the 
case of cannabis) or a combination of herbs (as is used in Chinese medicine) can 
often treat several comorbidities at once. Certainly, Cannabis sativa may be able to 
address several comorbidities at once.

 Treatment of Anxiety

The two main treatment approaches are psychotherapy and pharmaceuticals. Others 
include lifestyle interventions including exercise, avoiding alcohol, stress manage-
ment and relaxation techniques, eating healthy foods and ensuring good sleep.

Cognitive behavioural therapy is an effective form of psychotherapy, teaching the 
patient specific skills to improve symptoms. It involves exposure therapy in which the 
patient gradually encounters the trigger for their anxiety, building confidence that they 
can effectively manage the trigger (situation, object) and anxiety symptoms [32].

Commonly used anxiolytic pharmaceuticals include antidepressants (including 
selective serotonin reuptake inhibitors, tricyclic antidepressants, tetracyclic antide-
pressants and monoamine oxidase inhibitors), anticonvulsants (e.g. pregabalin) and 
sedatives (e.g. benzodiazepines and beta-blockers (for short term relief)), all of 
which act on various physiological pathways [33]. Pharmaceuticals are not always 
effective and can cause a range of different side effects [34].

 Pathomechanisms Involved in Anxiety

Anxiety is characterised by non-specific and chronic apprehension and arousal 
associated with the potential occurrence of a future threat [35]. Anxiety disorders 
may be viewed as maladaptive fear responses resulting from dysregulation of brain 
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circuitry involved in fearfulness generation. Healthy individuals can assess whether 
a situation is similar to or different from a previously encountered situation and 
elicit appropriate responses. Those with anxiety disorders often exhibit an overgen-
eralisation of fear responses in response to emotional stimuli. In anxiety disorders 
such as PTSD, there is increased reactivity to neutral stimuli that resembles the 
previous aversive event even in the presence of cues indicating safety [36]. PTSD 
will be covered in Chap. 6.

Many lines of evidence indicate that anxiety disorders are due to a dysfunc-
tion in the regulation of brain circuits that regulate our emotional responses to 
threatening stimuli [37]. There are several pathomechanisms underpinning anxi-
ety. The neurobiological approach suggests that anxiety is associated with a dys-
regulation of the normal top-down control exerted by the medial prefrontal cortex 
(mPFC) over the activity of the amygdala [35]. There is also evidence that 
inflammation is involved [38], and in some types of anxiety disorder, the norad-
renergic system also comes into play. Serotonin and GABA are neurotransmitters 
also involved.

 Role of the Amygdala and Prefrontal Cortex in Anxiety

The amygdala plays the central role in anxiety regulation. Other brain areas involved 
are the prefrontal cortex (PFC) and anterior cingulate gyrus, areas of the cortex that 
receive and send glutaminergic (excitatory) projections to and from the basolateral 
amygdala (BLA) and are activated at the same time as the amygdala when an emo-
tional stimulus appears [37].

Instinctive reactions to a threat (mediated via the amygdala) and the regula-
tory processes that occur consequently (mediated by the PFC, which signals 
the emotional salience of the stimuli) are referred to as ‘bottom-up’ and ‘top-
down’ responses, respectively. The medial PFC (mPFC) regulates the experi-
ence or anxiety by modulating the neuronal activity of the BLA. More dorsal 
cortical regions are responsible for conscious control of anxiety and more ven-
tral areas for subconscious control. The top-down control by the mPFC nor-
mally inhibits the output of the amygdala [37] and is associated with reduced 
anxiety, which is demonstrated by functional neuroimaging studies that indi-
cate increased PFC and decreased amygdala activity during successful emo-
tional regulation [35].

However, in anxiety the dynamic interactions between the amygdala and the 
mPFC that allow us to react to stimuli and regulate our emotional responses are 
compromised or dysregulated [35]. Functional neuroimaging studies demonstrate 
changes in the prefrontal-cingulate-amygdala circuit, which is involved in emotion 
regulation [39]. Functional neuroimaging of high trait anxious individuals shows 
increased amygdala reactivity coupled with reduced activity within the PFC in 
response to threat, with similar demonstration of alterations in circuit connectivity 
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in anxiety disorders, including hyper-activity of the amygdala and both hyper- 
activity and hypoactivity of the PFC and cingulate cortex (different studies have 
found hyper- and hypo-activity of the PFC, depending on the region within the PFC, 
type of anxiety disorder and study design) [39, 40]. For example, in highly anxious 
but otherwise healthy people, functional neuroimaging studies have demonstrated 
increased amygdala activity, and other studies have found decreased activity of the 
vmPRF and dmPFC (though some have found decreased vmPFC and increased 
dmPFC activity, suggesting these subregions might play different roles in anxiety) 
[35]. In some studies of generalised anxiety disorder and PTSD, the mPFC has been 
found to be hypo-active [37], though other studies indicate that in GAD, the mPFC 
is hyper-active [40].

In SAD, functional MRI studies showed increased amygdala reactivity when 
viewing harsh facial expressions as well as neutral faces compared with healthy 
controls [41–43]. Amygdala reactivity was correlated with symptom severity and 
trait anxiety in those suffering from SAD [35, 41, 42, 44]. Other studies have found 
a significantly reduced functional connectivity between the medial orbitofrontal 
cortex and left amygdala [45], failure to recruit the mPFC [46] and structural 
changes such as compromised structural integrity of the uncinate fasciculus (white 
matter fibre tract connecting the amygdala and orbitofrontal cortex) [47], all evi-
dence of a disruption of connectivity between the amygdala and mPFC [35].

The locus coeruleus (LC) is also involved in anxiety, and it is understood that 
GABA projections carry anxiety-related information from the amygdala to various 
brainstem centres, including the LC, and the LC provides noradrenergic projections 
to the hippocampus and amygdala. The interconnections between these brain 
regions may be important in the regulation of oxidative stress-mediated anxiety, 
which will be discussed shortly [48].

 Serotonin in Anxiety

Serotonin is known to be a key modulator of emotional regulation and the activity 
of the PFC-cingulate-amygdala complex as well as the serotonin system (receptors, 
serotonin transporter) implicated in threat-driven emotion and trait anxiety. The 
serotonin transporter is the target of selective serotonin reuptake inhibitors (SSRIs), 
which are used to treat anxiety. Polymorphisms in the serotonin transporter gene 
have been linked to trait anxiety levels and altered PFC-cingulate-amygdala cir-
cuitry [39].

High trait anxiety (predisposition to elevated anxiety and fear) is associated with 
a higher risk of anxiety disorders (as well as depression). An experiment on pri-
mates found an association between anxiety-like behaviour and increased expres-
sion of the serotonin transporter in the right ventrolateral PFC and, most strongly, in 
the amygdala. Anxiety-like behaviour was decreased by blockade of serotonin reup-
take in the amygdala (via injection of an SSRI into the amydgala). The authors 
concluded that their findings suggest that high amygdala serotonin transporter 
expression contributes to the high trait anxiety phenotype [39].
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 Noradrenergic System Involvement in Anxiety

Many studies have investigated the role of the noradrenergic system in anxiety dis-
orders, with many of these focused on panic disorder. A review of clinical studies 
investigating the role of central noradrenergic dysfunction in anxiety disorders con-
cluded that there is evidence in panic disorder that there is noradrenergic dysfunc-
tion, with a higher baseline secretion of noradrenaline, along with increased 
reactivity shown in response to challenges to the noradrenergic system. However, 
for other types of anxiety like PTSD, the results are conflicting, and in studies of 
generalised anxiety disorder, most show no difference between normal subjects and 
GAD sufferers. Likewise, in obsessive-compulsive disorders, there are no differ-
ences, and there is little available evidence in relation to social and other pho-
bias [49].

 GABA Involvement in Anxiety

GABA is another key neurotransmitter involved in emotional regulation, including 
anxiety. Brain circuits in the amygdala comprise GABAergic interneurons, and 
GABA plays a key part in modulating anxiety responses under normal and patho-
logical conditions [37]. There are allosteric sites on the GABAA receptor allowing 
inhibition of neurons in the amygdala to be precisely regulated. Neuronal inhibition 
is downregulated in anxiety states, and this may be via changes in the levels of 
endogenous modulators of these allosteric sites and changes in the composition of 
the GABAA receptor [37]. Benzodiazepines, used to treat anxiety, bind to GABAA 
receptors, enhancing GABA neurotransmission resulting in anxiolysis, sedation, 
striated muscle relaxation and anticonvulsant effects [33].

 Immune Dysfunction and Inflammation in Anxiety

There is a growing evidence base supporting a link between inflammation and anxi-
ety as well as depression and whilst the exact causal mechanism is still to be eluci-
dated [50], pieces of the jigsaw puzzle are coming together.

Persistent stress and chronic illness represent conditions of chronic challenge to 
the immune system, and the inflammatory response may contribute to the patho-
physiology of various mental health conditions [38]. The immune system generates 
the cytokine signalling, which, in turn, plays a role in the brain regulation of moods, 
synaptic plasticity, neuroendocrine responses and neurotransmitter metabolism. 
Dysregulation of the immune system in the central nervous system (CNS) may lead 
to a variety of disorders, including anxiety, depression, sleep disorders and cogni-
tive dysfunction [38]. Research conducted on humans also shows that increased 
anxiety levels are associated with impaired cellular immunity (cellular and humoral 
immune responses) (e.g. Zhou et al. [51], Arranz et al. [52], [53]) and increased risk 
of infections [54]. For example, a study on women found that there was decreased 
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chemotaxis and phagocytosis (as well as decreased NK cell activity, IL-2 release 
and total antioxidant activity and increased superoxide anion and TNF-α levels and 
increased plasma cortisol) in anxious women [52].

 Inflammation and Anxiety
Systemic inflammation is accompanied by disturbances in the regulation of emo-
tions that have been related to the pathophysiology of both anxiety and depression 
[50, 55]. Anxiety increases the risk of inflammatory diseases, and increased inflam-
matory activity in anxious people may contribute to the increased risk [56]. For 
example, anxiety increases the risk of cardiovascular disease independent of depres-
sion [57].

Inflammation has consistently been found to affect anxiety-related regions of the 
brain, including the amygdala, insula and anterior cingulate cortex [55]. The source 
of inflammation may vary for different individuals, but it is thought to be the result 
of a combination of lifestyle factors (e.g. diet, exercise, weight, sleep), genetic pre-
disposition to inflammation, illness and exposure to stress and/or trauma, with 
inflammatory signals impacting the brain, leading to anxiety and mood-related 
symptoms. These inflammatory signals may be local (cytokines activating local 
inflammatory signalling pathways and microglia) or involve peripheral inflamma-
tory cytokines traveling to the brain, crossing the blood-brain barrier to activate the 
local immune system [55].

Animal Studies Linking Systemic Inflammation, Neuroinflammation 
and Anxiety
Several animal studies have demonstrated increased anxiety-like behaviour in 
response to systemic inflammation induced under experimental conditions [58–60], 
and this appears to be mediated through those parts of the brain involved in emo-
tional regulation (amygdala, insula, PFC) [50]. Animal studies show clear evidence 
of an association between raised levels of several cytokines and anxiety-like behav-
iour, including increased IL-6 and TNF-α [61, 62], and genetic deletion of the 
INF-ϒ gene was found to be associated with increased emotionality in mice [63].

Mice studies demonstrate that activated monocytes and macrophages migrate to 
the brain in response to chemokines produced by activated microglia (which is pro-
duced in response to cytokine signalling from the periphery). These immune cells 
travel to perivascular and meningeal spaces and may underpin or contribute to anxi-
ety and depression, as evidenced in animal models of stress-induced anxiety and 
depression [55, 64, 65]. Monocyte trafficking from the spleen to the brain contrib-
utes to re-establishment of anxiety in stress-sensitised mice, demonstrating that 
neuroinflammation promotes mood disturbances following stress sensitisation and 
suggesting that neuroimmune interactions may underlie recurrent anxiety disorders 
(e.g. PTSD) [65].

In other mice experiments, repeated social defeat in mice enhanced the inflam-
matory capacity of CD11b+ cells in the brain, promoting anxiety-like behaviour in a 
manner that is dependent on interleukin (IL)-1 and β-adrenergic receptors [64]. 
When socially defeated mice were injected with lipopolysaccharide, it resulted in 
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increased inflammatory CNS macrophages, exaggerated microglia activation and 
prolonged social withdrawal [64].

Human Studies Linking Inflammation and Anxiety
Evidence from human studies confirms that inflammation is linked to anxiety. High 
levels of inflammation have been observed in patients with generalised anxiety dis-
order [66], panic disorder [67] and PTSD [55, 67, 68]. Positive correlations have 
been demonstrated between anxiety and several inflammatory cytokines, including 
TNF-α, IL-6 and C-reactive protein [52, 69]. For example, a study on cardiovascular 
disease-free subjects found that anxiety score was significantly positively correlated 
with C-reactive protein, TNF-α, homocysteine and fibrinogen levels in men, whereas 
in women, it was positively correlated with CRP, white blood cell count, IL-6, 
homocysteine and fibrinogen levels, showing that anxiety is associated with inflam-
mation and coagulation markers [69]. Increased state anxiety has been found to 
occur in response to experimental immune challenge, as reflected in the increased 
levels of pro-inflammatory cytokines [70, 71].

An RCT sought to investigate the neural mechanisms underpinning inflammation- 
induced anxiety by inducing transient systemic inflammation in 43 healthy men 
(low-dose lipopolysaccharide injection compared with saline in the control group) 
and performing resting-state functional resonance imaging before and 3.5 h after 
injection. Their study demonstrated that acute systemic inflammation alters tempo-
ral variance and functional connectivity in the brain regions/networks involved in 
emotional regulation [50].

What Are the Mechanisms by which Inflammation May Cause Anxiety?
The potential mechanisms of action linking inflammation to anxiety and other mood 
disorders are described well by Felger [55]. She explains that in patients with anxi-
ety and mood disorders, inflammation is increased in response to stress, diet, life-
style factors and illness.

The innate immune system becomes activated, a process involving intracellular 
signal transduction pathways and pro-cytokine oligomers (inflammasomes), releas-
ing inflammatory cytokines. These cytokines are associated with increased oxida-
tive stress and production of reactive oxygen species (ROS) and reactive nitrogen 
species (RNS), which in turn contribute to oxidation of tetrahydrobiopterin (BH4). 
BH4 is needed for the synthesis of monoamines via particular enzymes (phenylala-
nine hydroxylase, tryptophan hydroxylase and tyrosine hydroxylase). Reduced 
BH4 then leads to reduced synthesis of the monoamines, serotonin (5-HT), dopa-
mine and norepinephrine [55].

Inflammatory cytokines can also increase the enzyme indoleamine-2,3- 
dioxygenase (IDO), leading to increased kynurenine and its neurotoxic metabolites, 
which then impacts glutamate signalling. As a result of inflammation in the brain or 
neuroinflammation, glutamate is released from microglia, whilst uptake is reduced 
by astrocytes leading to excesses in glutamate stimulation. Neurocircuits within the 
brain are altered, including those in the basal ganglia, PFC and motor circuits and 
those brain regions associated with anxiety and fear (amygdala, prefrontal and 
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insular circuitry), which may then contribute to symptoms of anxiety as well as 
depression [55].

 Oxidative Stress
Oxidative stress occurs when the levels of oxidants generated within the body (e.g. 
hydrogen peroxide, superoxide, nitric oxide) exceed the cellular capacity to scav-
enge oxidants and repair damage [38, 72]. This can be due to increased generation 
of ROS or RNS or impaired defence against them (e.g. depletion of enzymatic anti-
oxidants, including superoxide dismutase, catalase and glutathione peroxidase or 
depletion of non-enzymatic antioxidants such as glutathione, vitamin C, vitamin A, 
vitamin E and selenium [72]). Consequences of oxidative stress in the brain include 
impaired neuronal signalling, mitochondrial dysfunction and inhibition of neuro-
genesis, each of which can contribute further to increased oxidative stress, a vicious 
cycle [72].

Both human and animal research indicates that oxidative stress is involved in 
anxiety. A study on mice demonstrated evidence of oxidative stress in the central 
and peripheral systems of anxious mice, finding an imbalance in oxidative status in 
neuronal and glial cells in the cerebellum and hippocampus, neurons in the cerebral 
cortex and peripheral leukocytes in mice displaying anxiety-like behaviour [73]. 
Another study in a rat model of foetal alcohol spectrum disorders found that anxi-
ety- and depression-like behaviours were accompanied by increased oxidative stress 
and that physical exercise provided a protective effect [74].

Human research also supports the involvement of altered oxidative stress-related 
mechanisms in anxiety, with several studies demonstrating increases in oxidative 
stress markers, increased activity of antioxidant enzymes (such as superoxide dis-
mutase) and reductions in the blood levels of antioxidants (including glutathione, 
vitamin E and selenium) in association with anxiety (see Hovatta et al. [72]).

This reminds us of the importance of diet and lifestyle providing essential nutri-
ents whilst avoiding oxidised foods and detrimental substances and exposures for 
ensuring optimal functioning of our bodies, including the ability to combat oxida-
tive stress.

For a deeper dive into the role of inflammation and oxidative stress in anxiety, 
see Hovatta et al. [72] and Salim et al. [38].

 Neurogenesis and the Hippocampus

Neurogenesis is the process by which new neurons are formed, whilst neuroplasti-
city is the process by which the brain reorganises itself, forming new connections 
[75]. In mammals, significant levels of adult neurogenesis occur in two brain 
regions: the olfactory bulb (newborn neurons migrate from the subventricular zone 
of the lateral ventricles to the olfactory bulb) and the dentate granule cell layer of 
the hippocampus (newborn neurons are generated locally within the subgranular 
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zone and migrate into the granular cell [GC] layer of the dentate gyrus and become 
glutamatergic dentate GCs in the hippocampus) [76, 77].

The dentate gyrus of the hippocampus plays a role in emotions, mood, anxiety, 
stress response and memory and learning. The striatum is involved in not only motor 
coordination but also regulation of reward, pleasure, motivation and aversion [78]. 
Adult neurogenesis takes place in a ‘neurogenic niche’, which refers to the complex 
local environment that supports neural precursor cells. Self-renewing neural stem 
cells within the subgranular zone of the hippocampus give rise to new neurons and 
astrocytes [77].

As they mature, these newborn neurons develop neurites (which are extensions 
from the cell body) in a process called ‘neuritogenesis’, and these eventually develop 
into axons and dendrites [79]. Synaptogenesis is the process of forming new 
synapses.

 Adult Hippocampal Neurons and the Stress Response
Research has demonstrated that adult-born hippocampal neurons are necessary for 
the normal expression of the stress response, both endocrine and behavioural aspects 
[80]. Neurogenesis is thought to buffer the stress response by activating the 
hippocampus- induced feedback on the hypothalamus-pituitary-adrenal axis (HPA) 
and influencing memory and learning [80, 81].

Stress is known to cause changes in hippocampal function, though the specific 
mechanisms are not completely understood. It is thought to involve maladaptive 
plasticity changes associated with neuronal atrophy or loss, changes in dendrites 
(decreased length, complexity) and decreased ‘spine’ density found in animal mod-
els of chronic stress (a ‘spine’ is a small protrusion from a neuron’s dendrite that 
receives input from an axon at a synapse) [81].

Various studies have shown that chronic stress can disrupt neuroplasticity mech-
anisms in the limbic system, and this has been associated with the onset of anxiety 
and mood disorders [81, 82]. Stress can impair neurogenesis [81]; studies in depres-
sion indicate reduced dendritic complexity and the expression of proteins involved 
in synaptogenesis and survival in the hippocampus [83]. Findings from studies such 
as these (in depression) may also be relevant to anxiety. CBD may have a role to 
play in addressing this particular pathomechanism underpinning anxiety, as we will 
see later.

The ‘neurogenic theory of depression’ which posits that impaired adult hippo-
campal neurogenesis (AHN) triggers depression (and that restoration of function 
leads to recovery from depression) has been extended to include anxiety [84].

This has some support from findings that adult hippocampus neurogenesis has 
been found to be impaired in many animal models of depression (and anxiety) and 
social stress models in primates and that patients with anxiety and depression have 
smaller dentate gyri (found on MRI and on post-mortem), suggestive of impaired 
AHN [84, 85].
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 Neuritogenesis and Anxiety
As explained earlier, neuritogenesis is the formation of new axons and dendrites on 
neuron cell bodies [79]. Neurogenesis, synaptogenesis and neuronal survival are 
partly mediated by glycogen synthase kinase 3β signalling, and GSK3β and synap-
tic proteins such as synapsin a/b and post-synaptic density protein 95 are also 
involved in dendritic remodelling [81].

This process of neuritogenesis, vital to reprogramming our brain to learning and 
new experiences, may play a significant role in anxiety and depression. This finds 
support in preclinical research. For example, in a detailed study of primary neuron 
neuritogenesis and spine morphology, behavioural tests in mice with decreased 
spine density in the mPFC caused anxiety-like behaviours and sensorimotor deficits 
[79]. In a study using an autism model, genetic deletion of the Auts2 gene in mice 
resulted in defects in neuronal migration and neuritogenesis in the developing cere-
bral cortex, which were found to correlate with behavioural abnormalities in 
anxiety- related emotions and memory functions [86].

 The Endocannabinoid System in Anxiety

Animal and human research indicates that the ECS is involved in our stress response 
and in anxiety. The corticolimbic region of the brain includes the PFC, amygdala 
(especially the BLA) and hippocampus. These areas are all involved in our stress 
response, emotions, emotional memory, reward and anxiety-related behaviours, and 
the ECS is widely distributed in these regions, including CB1 receptors, anandamide 
(AEA), 2-arachidonoyl glycerol (2-AG) and fatty acid amide hydrolase (FAAH) [4, 
87–89]. Interestingly, the ‘runner’s high’, which is a feeling of euphoria and anx-
iolysis, was generally attributed to the production of endogenous endorphins. 
However, it is now known that the blood levels of both endorphins and AEA are 
elevated after running and that the resulting associated anxiolysis relies on intact 
CB1 receptors in GABAergic neurons in the forebrain [90].

The role of the serotonergic system in anxiety regulation is well known. The 
association between the ECS and the serotonergic system is demonstrated by find-
ings that there is cross-talk between the CB1 receptors and 5-HT receptors in rat 
cerebellar and bovine synaptic membranes, as well as co-expression of CB1 recep-
tors and different 5-HT receptor subtypes in neuronal subpopulations in the cerebel-
lum and forebrain [91].

To understand the effects of cannabinoids on anxiety, much research has been 
conducted using drugs that selectively target the ECS as well as genetic knockout 
mice models (bred to be deficient in, for example, CB1 receptors). Such research 
provides evidence that the ECS, via CB1 receptor activation, is involved in the regu-
lation of emotional behaviour. Treatment of rats with CB1 receptor antagonist 
rimonabant (taken off the market due to unacceptable psychological side effects) 
produced anxiogenic responses [92]. CB1 receptor agonists have been found to 
have bimodal effect. Lower doses have been found to be anxiolytic and higher doses 
anxiogenic, with similar bimodal effects found using CB1 receptor antagonists [93].
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Some studies using CB1 receptor knockout mice have found anxiogenic 
responses in anxiety models [93], for example, demonstrating an increase in the 
basal level of anxiety [94]. However not all experiments have found this. The 
apparent contradictions could relate to the fact that there are CB1 receptors on 
glutaminergic (excitatory) and GABAergic (inhibitory) neurons and whether the 
experimental conditions predominantly modulate one or the other. In addition, 
the anxiolytic and anxiogenic effects of pharmacological enhancement of the 
ECS in animal models have been found to differ depending on the different 
brain regions involved. An example is that when THC is injected into the PFC, 
it promotes anxiolytic effects but when injected into the BLA, it causes an anx-
iogenic response [93].

Thus, the body of knowledge about the role of the ECS in the modulation of 
moods including anxiety is not complete and is seemingly contradictory. We are still 
learning about various pathways and nuances of how this cell signalling system 
helps us regulate our emotions. The best approach for grasping the fundamentals of 
ECS is to embrace the concept of modulation or regulation by phyto- and endocan-
nabinoids as opposed to a single monolithic action (agonism, antagonism) in all 
tissues in all physiologic states.

Let us look at some of the research on how the ECS is involved in anxiety, know-
ing that the picture is not perfect, and with the awareness that the body of evidence 
is growing as we speak.

 HPA Axis in Anxiety

The HPA plays an important role in stress, anxiety and depression, and the ECS is 
involved. The activation of the HPA is common to all kinds of threats. The system 
is designed to mitigate short-duration threats, but exposure to prolonged stress can 
induce a loss of the regulatory negative feedback mechanism, inducing sustained 
increases in the glucocorticoid levels that alter brain neuroplasticity and neurogen-
esis [95, 96]. The implications are that stress could lead to altered or reduced neu-
roplasticity, which has been linked to anxiety and major depressive disorders 
[95, 97].

According to Balsevich et al. [98], glucocorticoids immediately affect the global 
shift of the membrane lipid metabolism towards metabolic pathways for the synthesis 
of the anti-inflammatory AEA and 2-AG and away from inflammatory arachidonic 
acid production. Inhibition of the cyclooxygenase-2 (COX2) synthesis by glucocorti-
coids helps this mechanism by suppressing the synthesis of pro- inflammatory prosta-
glandins as well as endocannabinoid-derived prostanoids [99]. However, chronic stress 
and chronic glucocorticoid exposure appears to adversely affect neuronal architecture, 
causing atrophy of dendritic branches and reduction of dendritic spine density and 
changes in spine morphology [100].

Qin and colleagues [101] found that chronic stress-induced glucocorticoids 
downregulated endocannabinoid signalling and that the emergence of anxiety was 
associated with genomic shift in productions at the nuclear level (epigenetic).
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 Endocannabinoids, Cannabinoid Receptors and Anxiety

Exposure to stress decreases AEA levels in several limbic areas of the brain [102, 
103]. This suggests that deficits in AEA signalling contribute to anxiety-like behav-
iour induced by stress [20]. Stress-induced AEA deficiency has been found to cor-
relate with anxiety-like behaviour [20]. In healthy human volunteers, the levels of 
circulating AEA and related fatty acid ethanolamides were found to increase with 
acute psychosocial stress [104].

 Enzymes of the ECS
Various studies have sought to manipulate the enzymes involved in the synthesis 
and degradation of the endocannabinoids and have shown significant therapeutic 
responses. In mice, the anxiety levels were increased, and the whole brain AEA 
levels were suppressed 24 h after foot shock. Pre-treatment with a FAAH inhibitor 
(remember that FAAH is the enzyme that degrades AEA) prevented the drop in 
AEA produced by acute stress and prevented enhanced anxiety-like behaviour, 
mediated by the action of AEA at the CB1 receptors [20].

Inhibition of the enzyme that degrades 2-AG, MAGL, also reduces anxiety  
[105–107]. But, a deficiency in DAGL (diacylglycerol lipase α, the enzyme which 
is involved in the synthesis of 2-AG) leads to increased anxiety associated with a 
marked decrease in brain 2-AG. MAGL inhibitors prevented this decrease in 2-AG 
and increased anxiety. However, MAGL inhibitors that elevate 2-AG (which is a full 
agonist at CB1 receptors compared with AEA which is a partial agonist) can also 
cause receptor desensitisation [108].

 TRPV1
The regulation of anxiety is not simply through CB1 receptor-dependent processes, 
however [93]. AEA has been found to have biphasic or bimodal properties: it acts as 
an anxiolytic on CB1 receptors at lower doses and as an anxiogenic agent on the 
transient receptor potential vanilloid type 1 (TRPV1) channel at higher doses [109, 
110]. TRPV1 is expressed in many parts of the brain, including the hippocampus, 
basal ganglia and cortex [111]. CB1 receptors and TRPV1 channels have opposite 
effects on anxiety regulation, with CB1 receptors being activated and TRPV1 chan-
nels being antagonised to produce anxiolytic responses in mice [112]. Maintaining 
the balance between CB1 receptor activation and TRPV1 channel activation is thus 
critical in regulating anxiety [113].

 Scientific Evidence: CBD in the Treatment of Anxiety

Preclinical evidence supports acute administration of CBD for several types of anxi-
ety including generalised anxiety, panic disorder, SAD, obsessive-compulsive dis-
order and PTSD; however few studies have studied chronic dosing of CBD [114]. 
There is a growing body of clinical research evidence that also supports the conten-
tion that CBD may have a place in the treatment of anxiety in humans, though again 
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much of the research has been limited to acute dosing. More studies are needed in 
longer-term use of CBD for the treatment of anxiety and within the different sub-
populations of anxiety.

In this section, we will explore the potential mechanisms of action by which 
CBD may work as an anxiolytic and then look at animal and human studies of 
efficacy.

 Mechanisms of Action of CBD in Anxiety

The mechanisms of action of CBD as an anxiolytic have not been fully elucidated. 
The regulation of anxiety and learned fear processing is understood to involve 
5-HT1A receptors, TRPV1 channels and endocannabinoid signalling [113]. CBD is 
agonistic at the 5-HT1A receptor and shares similar mechanisms with lithium, sup-
porting a potential role for CBD in the treatment of mood disorders [115].

However, CBD interacts with several other receptors that regulate fear and 
anxiety- related behaviours, including CB1 receptors, CB2 receptors and GPR55 
[114, 116]. Further research is needed to investigate the involvement of other poten-
tial mechanisms by which CBD might affect behaviour, including inhibition of 
adenosine uptake, inverse agonism at CB2 receptors, CB1 receptor antagonism, 
GPR55 antagonism, PPAR γ receptor agonism, intracellular calcium increase [117], 
FAAH inhibition [81] and TRPV1 activation [118].

Overall, the research evidence suggests that the CBD acute anxiolytic effects are 
likely due to the facilitation of 5-HT1A-mediated neurotransmission in the key 
brain regions related to defensive properties, such as the dorsal periaqueductal grey 
(DPAG), bed nucleus of the stria terminalis and medial PFC.  In contrast, other 
actions of CBD, including anti-compulsive, increased fear extinction, and impaired 
reconsolidation of aversive memories, blockade of anxiogenic consequences of 
chronic unpredictable stress and facilitation of AHN may be due to the potentiation 
of AEA-mediated neurotransmission, whilst TRPV1 activation may be involved in 
its anti-psychotic action [117].

This is a complex picture that is not yet complete. Here are some of the research 
findings.

 CBD and the Serotonergic System
Although CBD is able to interact with several receptors, evidence points to its anx-
iolytic effect being due to its action on the serotonergic system, probably via a direct 
action on 5-HT1A receptors in the midbrain DPAG area which controls the auto-
nomic and behavioural responses to threat [119, 120]. Research indicates that the 
anxiolytic effect induced by injections of CBD, either systemic or into the inter-
DPAG region in rats was blocked by a 5-HT1A receptor antagonist [119, 121]. 
Other areas of the brain related to the control of anxiety are also involved in the 
attenuation of anxiety responses [122, 123].

The acute effects of CBD on anxiety are dose-dependent, with low and interme-
diate doses but not high doses found to be effective. The effects of low and 
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intermediate doses were blocked by 5-HT1A receptor antagonists. When research-
ers blocked TRPV1 receptors, this allowed high doses of CBD to be also effective. 
This suggests that the anxiolytic effects of low and intermediate doses of pure CBD 
involve the 5-HT1A receptors, whilst higher doses activate the TRPV1 channels 
[113]. The activation of TRPV1 channels promotes anxiety, so this might cancel out 
any anxiolytic effect via 5-HT1A receptors, thereby explaining why higher doses 
are not effective [124].

But things are not so simple. Whilst research on cells indicates that CBD acts as 
a 5HT1A agonist [125], other studies suggest that this is not the case under in vivo 
conditions [126]. Other studies found that the ability of CBD to facilitate 5HT1A- 
mediated neurotransmission does not appear to involve blockade of its 5HT reup-
take nor do changes in 5HT1A mRNA expression in the DPAG region following 
chronic administration appear to be responsible [127]. Thus, it appears that CBD’s 
modulation of 5HT1A is quite complex and may involve allosteric interactions 
[126, 128].

CBD may also regulate anxiety, directly or indirectly, PPAR-γ, equilibrative 
nucleoside transporters, additional TRP channels and glycine receptors [114]. The 
anxiolytic effect of CBD may also be by activating adenosine receptors that play a 
significant role in cardiovascular function as well as exerting broad anti- inflammatory 
effects on the body [129, 130].

A biphasic effect of CBD (and THC) was also demonstrated in the mitogen- 
induced degradation of tryptophan, catalysed by the enzyme IDO. At nanomolar 
levels, CBD and THC both enhanced the enzyme activity of IDO in PBMC (i.e. 
CBD and THC enhanced the degradation of tryptophan), and this was via CB1 and 
CB2 activation, but at higher (micromolar) levels, THC and CBD both downregu-
lated the mitogen-stimulated tryptophan degradation (suppressed IDO activity), and 
this was independent of CB1 and CB2 receptor involvement. CBD was found to be 
2–4 times stronger than THC in suppressing IDO activity. Research suggests a link 
by which CBD (and THC) might affect the serotonergic system, and disturbances of 
serotonergic activity have been shown to play a role in neuropsychiatric disorders, 
including mood disorders and depression. Tryptophan plays a role in cell mediated 
immune responses, but it is of course also the precursor for the biosynthesis of sero-
tonin (5HT). CBD and THC has been found to suppress the degradation of trypto-
phan mediated by the enzyme IDO. This suppression of IDO-mediated degradation 
of tryptophan by CBD and THC may be an additional mechanism by which the 
anti-depressive effects of CBD and THC are linked to the serotonergic system [131]. 
It may be an important mechanism of action by which THC and CBD improve 
mood disturbances and quality of life, in particular in those who have diseases 
underpinned by inflammation [131].

 CBD and the HPA
In stress studies of animals, CBD has been found to be able to modulate the HPA 
factors coordinating the brain’s management of stress. In unstressed animals admin-
istered CBD, there was no effect on the HPA. However acute restraint stress induced 
opposite effects on the 5-HTR1A gene expression, depending on the brain region: 
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there was an increase in the 5-HTR1A relative gene expression in the hippocampus 
that was absent (i.e. was blocked) in mice pre-treated with CBD (5, 15 and 30 mg/
kg doses), but there was a decrease in the 5-HTR1A gene expression in the amygdala 
that was only blocked by a pre-treatment dosage of 5 mg/kg CBD. Pure CBD also 
blocked the effects of acute stress on corticotropin-releasing factor, proopiomelano-
cortin (sleep related) and glucocorticoid receptor gene expression. Interestingly, 
most of the effects were seen in a limited dosage range of CBD between 5 and 
15 mg/kg, consistent with other studies of pure CBD [132].

 CBD, Neurogenesis and Neuritogenesis
Another effect of CBD that may involve the ECS is its ability to increase AHN, an 
impairment of which has been associated with the pathogenesis of anxiety disorders 
[133, 134]. This is one of the pathomechanisms discussed in an earlier section.

The anxiolytic effect of CBD in chronically stressed mice was demonstrated to 
depend on hippocampal neurogenesis [81, 133]. Studies on antidepressant treat-
ments in mice have shown that intact AHN plays a role in their anxiolytic effects 
[135]. In a Parkinson’s disease model, CBD also appears to promote neuritogenesis 
by modulating several key substances involved. CBD increased cell viability, dif-
ferentiation and the expression of axonal (GAP-43) and synaptic (synaptophysin 
and synapsin I) proteins [136]. The mechanism involved the activation of tyrosine 
kinase receptors (trkA) and occurred even in the absence of the endogenous agonist, 
nerve growth factor [136].

Interestingly, research has also demonstrated that a key terpene of cannabis, beta 
caryophyllene, can also activate trkA receptors and induce neuritogenesis, and it 
appears to do so via a mechanism that is independent of cannabinoid receptors or 
nerve growth factor [137].

A mice study using a chronic unpredictable stress model of anxiety showed that 
after 14 days, CBD injections were anxiolytic in stressed rats. This effect was 
blocked by CB1 and CB2 receptor antagonists but not by a 5HT-1A receptor antag-
onist (indicating that the effects were mediated by cannabinoid receptors). 
Importantly, they found that these effects were associated with increased hippocam-
pal neurogenesis and spine density in the dentate gyrus of the hippocampus, and this 
effect was reduced more by the CB2 receptor antagonist. In the stressed rats, CBD 
decreased FAAH (the enzyme responsible for the breakdown of AEA) and increased 
the expression of glycogen synthase kinase 3β (p-GSK3β), a protein that partly 
mediates neurogenesis, synaptogenesis and neuronal survival. This effect was 
reduced by the CB2 antagonist. The study authors concluded that CBD is able to 
reduce the effects of chronic unpredictable stress in this animal model through the 
facilitation of endocannabinoid signalling (endocannabinoid activation and CB1/
CB2 receptor activation) and recruitment of intracellular/synaptic proteins that play 
roles in neurogenesis and dendritic remodelling [81].

 CBD and Endocannabinoid Degradation
CBD interferes with the uptake and degradation of endocannabinoids, though the 
relevance in relation to anxiolytic effects is not clear [126]. CBD has been found to 
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have an indirect effect on CB1 receptors by preventing the enzymatic breakdown of 
AEA, thereby allowing it to stay in the system longer [130]. Elevated AEA in the 
cerebrospinal fluid has been found to be inversely correlated with psychotic symp-
toms [130]. In a randomised controlled trial (RCT), CBD treatment was accompa-
nied by a significant increase in serum AEA levels, which was significantly 
associated with clinical improvement in patients with acute schizophrenia, suggest-
ing that the inhibition of AEA breakdown might contribute to CBD’s anti-psychotic 
effects [130].

 CBD, Inflammation and Immune Function
As mentioned previously, inflammation may underpin both anxiety and depression 
[55]. Therefore, CBD’s anti-inflammatory effects may be relevant and could con-
tribute to its anxiolytic action.

CBD and THC show a biphasic effect, that is, they have both inhibitory and 
stimulatory effects on the cells of the immune system. Both THC and CBD can 
decrease TNFα production in human NK cells in peripheral blood mononuclear 
cells (PBMCs), but THC can increase TNFα production in human monocytes. In 
many cases, the effects of CBD and THC seem to depend on their concentration: the 
stimulatory actions have been reported at lower (nanomolar) doses, whilst inhibi-
tory actions have been reported at higher (micromolar) doses. For example, low 
doses of THC and CBD (similar to doses of smoking cannabis) stimulated INFγ 
production, but higher doses suppressed INFγ production [43]. Similarly, there 
appears to be a concentration-dependent effect of both CBD and THC on Th1- and 
Th2-type cytokines [131].

Both CBD and THC have been found to regulate mitogen-induced Th-1-type 
immune responses in PBMCs. Treatment of PBMC with either CBD or THC can 
dose-dependently suppress the mitogen-induced production of neopterin (marker of 
cellular immunity). Pre-treatment of PBMCs with low (nanomolar) doses of THC 
or CBD increased the production of the pro-inflammatory cytokine INF-γ, whilst it 
suppressed its production when high doses were used, demonstrating the biphasic 
response mentioned previously [131]. For more information on CBD’s anti- 
inflammatory effects, see Chap. 4.

 CBD, Sleep and Anxiety
The anxiolytic effect of CBD appears to be involved in the alleviation of sleep dis-
orders associated with anxiety. Animal studies suggest that CBD may block anxiety- 
induced REM sleep deprivation through its anxiolytic effect on the brain [138].

 Animal Research: Efficacy of CBD in Anxiety

Several rodent studies have established the anxiolytic effects of CBD, similar to 
anxiolytic drugs, in various experiments [139–144].
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 Animal Models of Anxiety: Elevated Plus Maze
Models of anxiety in mice and rats often use an elevated plus maze (EPM) as a 
method of measuring anxiety. The EPM is typically constructed with two opposite 
arms surrounded by walls (closed arms) and two arms devoid of enclosing walls 
(open arms), which are elevated. The EPM test is able to detect both anxiolytic and 
anxiogenic drug effects in rats [145]. It is based on the animal’s aversion to open 
spaces and preference for closed spaces. The height and lack of enclosing walls are 
anxiety-producing for the animals. In this EPM model, anxiety is expressed by the 
rodent spending more time in the enclosed arms of the maze and less time in the 
open arms of the maze. Thus, an anxiolytic effect would be indicated by an increase 
in the proportion time spent in the open arms (i.e. time in open arms/total time in 
open plus closed arms) and an increase in the proportion of entries in the open arms 
(no. of entries into open arms/total entries into open plus closed arms).

 Anxiety Studies in Rodents
In one study that used an EPM model of anxiety in rats, doses of 2.5, 5.0 and 
10.0 mg/kg of pure CBD significantly increased the entry ratio (open/total number 
of entries), indicating an anxiolytic effect. Diazepam (2.0 mg/kg) also produced an 
anxiolytic effect. This study also found that CBD at a higher dose of 20.0 mg/kg 
was no longer effective. None of the CBD doses altered the total number of entries 
(measure of total exploratory activity). The conclusion of the study was that CBD 
causes a selective anxiolytic effect, within a limited range of doses, in the EPM 
[139]. A limited range of effects is common in studies of pure CBD without its natu-
rally associated plant compounds.

In another rat study, CBD was found to induce an anti-anxiogenic effect in a fear- 
potentiated plus maze test, a model of contextual conditioned fear [145]. It has also 
been shown to reduce behavioural and autonomic stress-induced responses in rats 
[143]. Male rats were given i.p. injections of vehicle (placebo) or pure CBD (1, 10 
or 20 mg/kg) and 30 min later subjected to 60 min of restraint during which cardio-
vascular responses were measured. In the second experiment, the rats received i.p. 
injections of a 5-HT1A receptor antagonist before the CBD treatment and exposure 
to restraint. Twenty-four hours later, the rats were tested in the EPM. Exposure to 
the restraint stress predictably increased the blood pressure and heart rate of the rats 
and induced an anxiogenic response in the EPM 24  h later. CBD was found to 
attenuate these effects, and the 5-HT1A receptor antagonist blocked the effects of 
CBD.  This led to the conclusion that CBD can attenuate the acute autonomic 
responses to stress and the emotional consequences of anxiety by facilitating 5-HT1A 
receptor-mediated neurotransmission [143].

 Animal Studies of Chronic CBD Administration
Only a few studies have assessed the effects of chronic CBD administration. In one 
study, treatment with pure CBD for 21 days attenuated inhibitory avoidance acqui-
sition in rats [146]. In another study, chronic but not acute administration of pure 
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CBD was found to have a moderate anxiolytic effect on mice at low (1 mg/kg) and 
high doses (50 mg/kg) [147].

A few studies have found no effect of CBD on anxiety-like responses in rats. For 
example, a study of acute and chronic dosing (14 days) of rats with rimonabant, 
CBD, CBG and THC (dose of 2.5 mg/kg) found that rimonabant (CB1 receptor 
antagonist/inverse agonist) and THC (CB1 receptor agonist) both induced 
anxiogenic- like responses, whilst neither acute nor chronic dosing of CBD and 
CBG altered anxiety-like responses (i.e. showed neither anxiolytic nor anxiogenic 
responses) [148]. In another study, rats were acutely or chronically treated for 14 
days with CBD (15, 30 and 60 mg/kg) or saline (control) or imipramine (30 mg/kg), 
and their behaviour was assessed using the forced swimming test (used to assess 
depression-like behaviour) and open-field tests (used to assess anxiety-like behav-
iour). Afterwards, the levels of BNDF in the hippocampus, PFC and amygdala were 
assessed. This study found that CBD at the dose of 30 mg/kg reduced depression- 
like behaviour and increased the BDNF levels in the rat amygdala, relevant to 
depression, but had no impact on the open-field test [149].

Another experiment found something totally contrary to what other studies have 
found, i.e. that chronic dosing of CBD (10 mg/kg) for 14 days actually increased 
anxiogenic responses and reduced BDNF expression in the hippocampus and fron-
tal cortex (no change in the striatum) and significantly reduced TfkB expression in 
the hippocampus and significantly reduced phosho-ERK1/2 expression [150]. What 
does all that mean? It seems in this experiment that CBD decreased the expression 
of proteins that antidepressants and anxiolytic drugs would normally enhance. 
However, this study has been criticised on two main counts [151]. Firstly, it only 
used a single dose of CBD (10 mg/kg) instead of a range of doses in order to obtain 
a clearer dose-response profile. Secondly, the reporting of only part of the test of 
anxiety used (reporting total distance travelled but not time spent in the inner and 
outer zones of activity boxes) was queried, with a suggestion that more relevant 
tests of anxiety (e.g. EPM) should have been used as well [151].

Thus, one can see that the nuances of animal experiments need to be understood 
if we are to make sense of the outcomes of such experiments.

The contrast in the dose-response relationships for acute versus chronic CBD 
exposure suggests that some anxiolytic effects of CBD are indirect and related to 
shifts in the balance of endocannabinoid ligands or receptors. It is important to keep 
in mind that animal experiments are, at best, an approximation of what might occur 
in humans. Again, we should also remember that animal studies tend to use pure 
CBD isolate, and it is very likely that whole plant CBD medicines (containing other 
phytocannabinoids, terpenes and other plant nutrients) will have quite a different 
effect on the body. We shall now look at effects of pure CBD in anxiety.

 Pure CBD Isolate and the Bell-Shaped Dose-Response Curve 
in Animal Studies
Various animal studies assessing the anxiolytic effect of pure CBD have shown that 
the dose-response relationship appears to follow a bell-shaped curve, where the 
anxiolytic effects are found using moderate doses of CBD, but not at lower or higher 
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doses [139, 152–154]. Injection of CBD into the DPAG, one of the areas involved 
in the control of anxiety, in rats was also associated with a bell-shaped curve [119]. 
Other studies of acute systemic application of CBD without prior stress found anx-
iolytic effects or no effect [140, 145].

Up to this point in time, no anxiogenic effects have been found to be associated 
with acute systemic administration of CBD in animal models of general anxiety 
[124]. In other words, CBD may reduce anxiety, but it does not cause it. This is in 
contrast with tetrahydrocannabinol (THC), which appears to be anxiogenic in 
higher doses (discussed later).

Why Might Higher Doses of CBD Be Ineffective?
Why higher doses of (pure) CBD are ineffective as an anxiolytic may be due to the 
activation of TRPV1 receptors at higher doses. CBD is able to activate TRPV1 
receptors [155], and these receptors appear in several brain regions related to the 
control of defensive and stress responses, including the mPFC, hippocampus, hypo-
thalamus, dorsolateral PAG and LC [156]. CBD acts as a TRPV1 agonist at high 
concentrations, potentially interfering with AEA inactivation [155]. Another study 
found evidence to support the idea that high doses of CBD activate TRPV1 recep-
tors in the PAG and that activation of these receptors may be involved in the bell- 
shaped dose-response curves observed in CBD [119]. Since the activation of TPPV1 
receptors has anxiogenic effects, this would prevent the anxiolytic effect [124], 
thereby effectively cancelling it out.

Incidentally, this bell-shaped curve has also been demonstrated in a clinical study 
of 60 healthy participants: subjective anxiety measures were reduced with 300 mg 
CBD, but not with 100 mg or 900 mg CBD in the post-speech phase of a simulated 
public-speaking test [126]. This study also used pure CBD (not whole- 
spectrum CBD).

 Animal Study of Pure CBD Versus Whole Plant CBD
A 2015 animal study compared the shape of the dose-response curves for anti- 
inflammatory and anti-nociception effects using whole plant CBD and pure CBD 
isolate in rats. The study found that purified CBD was associated with an inverted 
U-shaped (bell-shaped) dose-response curve, whereas whole plant CBD showed a 
linear dose-response curve for anti-nociception [157]. When the study looked at the 
anti-inflammatory effects of pure CBD versus whole plant CBD, again, the paw 
thickness dose-response curve showed a U-shaped curve for the pure CBD and a 
linear dose-response curve for the whole plant. The results for the pure CBD isolate 
suggest a narrow therapeutic window, outside of which pure CBD may not be as 
effective (at least in terms of reducing inflammation or reducing pain). But the 
whole plant CBD extract pharmaceutically acts very differently, in a dose- dependent 
manner (that intuitively might be expected).

Until such experiments are replicated in anxiety, in both animals and in humans, 
comparing pure isolate with whole plant CBD, we can perhaps only speculate – 
could there be a similar effect for anxiety? We do know that many of the terpenes 
have anxiolytic actions, so this may be possible.
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 Animal Research of CBDA in Anxiety
Research in rats indicates that cannabidiolic acid (CBDA), the acid precursor of 
CBD, has anxiolytic actions that can be reversed by a 5-hydroxytryptamine 1A 
(5-HT1A) receptor antagonist [158]. In a rat study investigating the neuromotor tol-
erability profile of CBDA as a potential anti-nausea agent, the researchers found 
that CBDA had no adverse effects on performance in any neuromotor tolerability 
test and found evidence of anxiolytic effects of CBDA in a habituated open field 
test. CBDA was found to be well tolerated and devoid of the sedative side effect 
profile of benzodiazepine anxiolytics, which are often used to treat anticipatory 
nausea (they have limited efficacy and significant side effects and induce depen-
dency) [159].

In an anxiety model in rats, HU-580 (the methyl ester of CBDA), but not CBDA, 
reversed the effect of foot shock on the anxiety-like response. Anxiety in the rodents 
is generally  reflected in decreased time spent in the light box.  They found that 
HU-580 increased the time foot-shocked rats spent in the light compartment of a 
light-dark box. The effect was blocked by the 5-HT1A antagonist WAY100635, 
suggesting mediation by 5-HT1A receptors [160]. Further research into the acid 
form of CBD may be something to watch for in the future.

 Human Research: Efficacy of CBD in Anxiety

The anxiolytic effects of CBD on humans were first demonstrated in the reversal of 
anxiogenic effects of THC when administered simultaneously [161, 162]. Human 
studies generally support an anxiolytic role of CBD, but such evidence tends to be 
limited to acute dosing [114]. However one study of psychiatric patients, which will 
be discussed later, reported anxiogenic effects in some patients [163].

 Surveys
As discussed at the start of the chapter, there are many surveys suggesting that indi-
viduals are using medicinal cannabis including CBD for a range of diagnosed health 
conditions, and anxiety is one of the most common [3–7, 18].  One longitudinal, 
cross- sectional web-based survey conducted on patients and caregivers of patients 
with a diagnosed health condition registered with the Realm of Caring Foundation 
(not-for-profit organisation) compared 808 cannabis users with 468 non-cannabis 
users. The study found that compared with non-users, cannabis users self-reported 
significantly lower anxiety and depression, better sleep, better quality of life, greater 
health satisfaction and lower average of pain severity (p < 0.05) and used 14% less 
prescription medications. Medicinal cannabis use was associated with positive rat-
ings of health and quality of life across several domains. CBD-dominant products 
were found to be used at a higher rate than THC-dominant products, with mean 
doses of CBD of 79 mg/day (adjusted for body weight: 1.4 mg/kg; median 0.6 mg/
kg; range 0.01–15.7 mg/kg) and mean doses of THC 3 mg/day (adjusted for body 
weight: 0.05 mg/kg; median 0.02 mg/kg; range <0.01–0.6 mg/kg) [19].
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 Regional Cerebral Brain Flow Studies: Anxiety and CBD
A study conducted in 2004 on 10 healthy males investigated the effects of CBD on 
regional cerebral blood flow (rCBF) using single-photon emission computed tomog-
raphy (SPECT). The study randomised participants to receive either 400  mg of 
CBD or placebo and used a crossed, double-blind study design. This was 99.9% 
pure CBD dissolved in corn oil. There were two experimental sessions, with an 
interval of 1 week. A Visual Analogue Mood Scale (VAMS) was used to assess 
anxiety1. The participants were given either the placebo or CBD and then exposed 
to a potential stressful or anxiety-provoking exercise, a public-speaking test. The 
effects on rCBF using SPECT were assessed. It was found that 400 mg of CBD 
significantly reduced subjective anxiety and that the brain activity increased in the 
left para-hippocampal gyrus and decreased in the left amygdala-hippocampus com-
plex, extending into the hypothalamus and also into the left posterior cingulate 
gyrus. The anxiolytic effects were detected before the anxiety-evoking situation, 
indicating that CBD can reduce anticipatory anxiety [164].

This study design was repeated in 2011, and 10 participants who suffered from 
SAD were enrolled. The participants were again randomised to receive CBD 
(400 mg, 99.9% pure, dissolved in corn oil) or placebo in a crossed, double-blind 
design, which had two experimental sessions separated by an interval. The VAMS 
was used to assess subjective anxiety. The results indicated that compared with 
placebo, a single dose of CBD (400 mg) significantly reduced subjective anxiety 
measures before and after SPECT (anticipatory anxiety, p < 0.001) [165]. SPECT 
showed reduced uptake of the brain activity marker (ethyl-cisteinate dimer labelled 
with technetium-99  m [ECD]) in the left para-hippocampal gyrus (indicating 
decreased activity) in contrast to the earlier study of healthy males [164], which 
found increased activity, reflecting a difference between healthy patients and 
patients with SAD. SPECT also found reduced ECD uptake in the inferior temporal 
gyrus and increased ECD uptake in the right posterior cingulate gyrus (p < 0.001, 
uncorrected) [165].

A third study (double-blind, randomised, placebo-controlled trial) also looked 
at regional brain flow using functional MRI in 15 healthy males viewing faces that 
elicited anxiety. Each scanning session was preceded by intake of either 10 mg 
THC, 600 mg CBD (both approximately 99.6% and 99.9% pure, respectively) or 
placebo as gelatin capsules. The main outcome measures included regional brain 
activation (which was dependent on blood oxygenation), electrodermal activity 
(skin conductance response (SCR)) and objective and subjective anxiety ratings. 
Pre-treatment with 600 mg of CBD was associated with reduced anxiety, reduced 
number of fluctuations in SCR and suppression of blood oxygenation level- 
dependent signals in the amygdala and anterior and posterior cingulate cortex 
whilst viewing intensely fearful faces (with the suppression of amygdalar and 

1 Double-blinded studies are those in which the participants and the researcher doing the measuring 
do not know which study medication the participant is taking: in this case, the CBD or the placebo. 
In this way, bias is minimised. A cross-over design simply means that each participant got to expe-
rience both the CBD and the placebo (though they would not know in which order).
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anterior cingulate responses being correlated with the concurrent reduction in 
SCR fluctuations). This led the researchers to conclude that CBD’s effects on 
activation in the limbic and paralimbic regions of the brain may contribute to its 
anxiolytic effect. THC increased anxiety and the level of intoxication, sedation 
and psychotic symptoms and appeared to mainly modulate activation in other 
brain regions, specifically in the frontal and parietal areas of the brain. The study 
concluded that the effects of CBD on limbic and paralimbic regions may contrib-
ute to its ability to reduce autonomic arousal as well as subjective anxiety, whilst 
the anxiogenic effects associated with THC could be related to its effects on other 
brain areas [166].

As you can see, all these three studies used almost pure CBD, whereas the last 
study used pure THC. It would be interesting if these studies were repeated with 
whole-spectrum CBD and THC medicinal cannabis products.

 Observational Study: CBD and Anxiety
An observational study of 670 people used an application (Releaf AppTM) that 
recorded the effects of cannabis flower consumption; it was conducted from 2016 to 
2019. It found a decrease in symptom intensity levels in 95.1% of cannabis use ses-
sions (with an increase in 2.32% of the sessions and no change in 2.16% of the 
sessions). On average, users experienced a symptom intensity reduction of 3.47 
points for anxiety, 3.98 for stress and 4.33 points for agitation/irritability (on a −5 
to + 5 visual analogue scale). Medium and high THC levels were the primary inde-
pendent predictor of increased symptom relief, and this was statistically significant 
in relation to anxiety only. Interestingly, the CBD levels were in general not associ-
ated with changes in symptom intensity levels. Cannabis users reported anxiogenic 
effects (e.g. feeling anxious, irritable, paranoid or restless or having a rapid pulse) 
in less than 13% of cannabis use sessions, but in majority (around 66%) of the ses-
sions, they reported anxiolytic effects, including feeling relaxed, happy, peaceful 
and optimistic [167].

 Case Studies and Case Series
There are currently only a few published case studies in the literature. Examples of 
these studies are as follows.

Paediatric Case Study: CBD and Anxiety in a PTSD Sufferer
A case study was published of a 10 year-old girl suffering from PTSD, who dis-
played anxiety, aggressiveness, disobedience, impulsivity, sexually inappropriate 
behaviours, low self-esteem and poor sleep. She was initially treated with the fol-
lowing supplements to assist with anxiety and sleep: melatonin (5 mg/night), mag-
nesium (300 mg/d) and diphenhydramine (25 mg/night). These medications helped 
slightly, but she was still having outbursts at school and at home, and her anxiety 
continued. She was trialled on CBD supplements (25 mg) at bedtime plus 6–12 mg 
of sublingual spray during the day as needed for anxiety. Sleep and anxiety were 
measured using the Sleep Disturbance Scale for Children and the Screen for Child 
Anxiety-Related Disorders (SCARED).
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The child experienced a gradual increase in sleep quality and quantity as well as 
decrease in anxiety, with no side effects. The scores of both the scales used to mea-
sure sleep disorders and anxiety were reduced after the first month and continued to 
decrease over the 6-month period of monitoring. The ‘SCARED score’ was 34 at 
baseline, 24 at 2 months, 19 at 4 months, 16 at 5 months and 18 at 6 months. The 
Sleep Disturbance Scale for Children scores were 59 at baseline, 42 at 2 months, 41 
at 4 months, 37 at 5 months and 38 at 6 months. This data indicates that within two 
months, she was benefiting in terms of reduced anxiety and better sleep. Anxiety 
scores continued to decrease over 6 months of monitoring, whereas sleep scores 
tended to plateau after 2 months.

After 5 months she was able to sleep in her own room and was handling school 
well. The therapeutic strategy was to eventually taper off the CBD and transition her 
into lifelong coping strategies, including meditation and yoga [168].

Retrospective Case Series: CBD for Psychiatric Patients
A large retrospective case series was conducted over 3 months at an outpatient psy-
chiatric clinic investigating the effect of CBD for anxiety and sleep problems, as an 
adjunct to regular treatment [163]. This study was conducted on a final sample of 72 
patients, 47 whose main complaint was anxiety and 25 whose main complaint was 
sleep problem. Anxiety was measured using the Hamilton Anxiety Rating (HAM- 
A) Scale, which has 14 questions, and sleep was assessed using the Pittsburgh Sleep 
Quality Index. The side effects and tolerability were also assessed. The average age 
of patients with anxiety was 34 years (18–70 years), and for those with sleep disor-
ders, 36.5 years (18–72 years). The study doses used ranged from 25 mg/day to 
175 mg/day.

Overall, the anxiety scores showed a larger decrease (improvement) over the 
study period compared with the sleep scores which showed a mild decrease 
(improvement). The anxiety scores decreased within the first month and then 
remained decreased for the remainder of the study.

• At the first monthly assessment, 79.2% (57/72) of patients experienced an 
improvement in anxiety, whilst 11/72 (15.3%) experienced worsening of anxiety.

• At the 2-month assessment, 56.5% (23/41) of patients reported improvement in 
anxiety compared with the previous monthly visit, whilst 19.5% (8/41) reported 
worsening compared with the previous month.

• In those with anxiety (n = 47), the mean HAM-A score at baseline was 23.87 +/ 
9.87, 1 month (18.02 +/ 7.56), 2 months (16.35 +/ 8.80) and 3 months (16.36 
+/ 9.80).

• In those whom sleep disorder was the predominant complaint (n = 25), the mean 
HAM-A score at baseline was 22.18 +/ 7.55, 1 month (17.82 +/ 9.72), 2 months 
(17.36 +/ 10.91) and 3 months (13.78 +/ 7.86).

The sleep scores improved within the first month in 48 patients (66.7%); how-
ever they fluctuated over time. CBD was found to be well tolerated in all but three 
patients (two of which discontinued CBD treatment within the first week due to 
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fatigue and the third due to increased sexually inappropriate behaviour, which were 
thought to be related to disinhibition as the patient’s anxiety had responded dramati-
cally) [163].

What Do We Learn Here?
What might we learn from this study? First, the results indicate that CBD was help-
ful in reducing subjective anxiety in a reasonable percentage of patients for whom 
anxiety was identified as a predominant issue as well as in patients who identified 
sleep as the predominant issue. In both groups, subjective anxiety scores reduced 
(improvement) over the 3 months. There was also a trend within both groups indi-
cating improvements in sleep as measured by the PSQI. The study did not assess if 
the reductions were statistically significant.

There were some patients in which anxiety increased rather than decreased. 
There is no analysis in the study of why that might have been the case. There was 
no information on the types of CBD medicines that patients were given. Most 
patients were also taking psychiatric medication. This was an unblinded study – an 
‘open-label study’ which means that the patients knew they were taking 
CBD. Therefore, the placebo effect could have contributed to the results.

We also know from clinical experience that medicinal cannabis needs to be indi-
vidualised to the patient. Most patients were given 25 mg/day of CBD in capsule 
form. A small number were given 50 mg/day or 75 mg/day, with one patient given 
a CBD dosage that was gradually increased to 175 mg/day (this patient has history 
of trauma and schizoaffective disorder). Thus, the results largely pertain to a dosage 
of 25 mg/day of CBD. The study authors stated that the doses used in the study 
(25–175 mg/day) were much lower than those reported in other studies (300–500 
mg/day) because in their experience, lower doses seem to produce an adequate 
response, and higher doses, e.g. 600 mg/day, would make the cost too expensive 
[163]. It is unknown if increasing this dosage could have been associated with 
greater reductions in anxiety. We also do not know if, for the patients who dropped 
out, reducing the dose to 25 mg/day would have allowed them to continue in the 
study and show anxiety and sleep improvements. Nonetheless, the results indicate a 
positive effect of CBD, at relatively low doses, on anxiety (and sleep) and that it was 
well tolerated by the study sample.

 Randomised Controlled Trials: CBD for Treatment of Anxiety
CBD may be efficacious in alleviating certain types of anxiety. Social anxiety dis-
order (SAD) has been the type of anxiety most studied to date. In particular, clinical 
studies indicate that CBD can reduce the anxiety associated with simulation of pub-
lic speaking, an anxiety- inducing activity [169]. In such studies using a task of a 
simulated public speech as a stressor, CBD has been found to reduce anticipatory 
anxiety, post-stress anxiety and performance anxiety. However, a real-world public- 
speaking task increases heart rate, systolic blood pressure and diastolic blood pres-
sure significantly more than the simulated public-speaking test [170] and might be 
a better method for research in future studies, since it would be interesting to see if 
CBD also affected these other physiological variables.
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Table 5.1 sets out several studies on humans that have assessed the efficacy of 
CBD in anxiety, many of which have been on participants with SAD. Some of these 
are regional brain flow studies, one is a case series and there are several randomised 
controlled trials (RCTs).

 Systematic Reviews: CBD and Anxiety Treatment
A systematic review [172] based on one RCT on 24 patients with generalised 
SAD [169] reported that a single 600 mg dose of CBD was associated with a sig-
nificantly greater improvement in anxiety compared with placebo in a simulated 
public- speaking test (see Table 5.1). This systematic review included four RCTs 
(232 patients) of chronic pain, which also reported on anxiety symptoms. The 
cannabinoid medicines studied were dronabinol, nabilone and nabiximols, with 
length of studies varying. The review concluded that the RCTs suggested greater 
short-term benefit with cannabinoids than placebo for self-reported anxiety symp-
toms [172].

A 2019 meta-analysis stated that: ‘Most of the included studies were done among 
individuals in whom depression or anxiety was secondary to another medical condi-
tion, and in these studies we found no impact of pharmaceutical THC (with or with-
out CBD) on depression symptoms, and a small reduction in anxiety symptoms’. 
This systematic review concluded that ‘Of the few studies in which participants had 
an anxiety disorder, we did not see a significant benefit of CBD on symptoms of 
anxiety’ [173]. This is curious, as they cite Bergamaschi et al. [169] and Crippa 
et al.’s [165] studies in relation to this statement; however both these studies actually 
did find significant benefits of CBD over placebo, and Bergamaschi et al.’s [169] 
study is the one reported in Whiting et al.’s [172] systematic review, which confirms 
the efficacy of CBD. We will come back to this study later in the section on THC.

It is always advisable to look at the individual studies. Systematic reviews and 
meta-analyses might be deemed the ‘gold standard’ of evidence in medicine, but 
those who understand research and statistics are aware of their limitations. They 
often do not include study designs that nonetheless have value, and when you com-
bine numbers from different studies, you often lose information. It is also good to 
check any affiliations that authors might have with companies that might have 
vested interests in particular outcomes. Medicine is a political world.

 Scientific Evidence: THC in the Treatment of Anxiety

According to the World Health Organization (WHO) reports on THC [174] and can-
nabis and its resins [175], anxiety, panic and psychosis are known to be adverse side 
effects of cannabis and THC in some individuals. Yet one of the main effects of 
THC and cannabis is a euphoric mood. Does this mean that THC should be avoided 
in people with anxiety disorders or depression? Not necessarily. The dosage of THC 
is a key consideration. One of the difficulties is that much of the data on cannabis 
use relates to recreational use, usually smoking or vaping, and strains grown for the 
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Table 5.1 Human studies of CBD in anxiety

Reference Participants (No.) Details of study Results
Zuardi et al. 
[162]

Healthy 
volunteers,
N = 40 
participants 
(mean age 22.8 
years)

Double-blind RCT. Investigation 
of the effects of ipsapirone and 
CBD on healthy volunteers 
submitted to a simulated 
public-speaking (SPS) test 
compared with benzodiazepine 
diazepam and placebo
4 groups of 10: CBD (300 mg), 
diazepam (10 mg), ipsapirone (5 
mg) or placebo as gelatin 
capsules (CBD was dissolved in 
corn oil, whist the other drugs 
were mixed with starch)
Subjective anxiety measured 
using the Visual Analogue Mood 
Scale (VAMS) and State-Trait 
Anxiety Inventory (STAI)

CBD significantly 
decreased anxiety after 
the SPS test (i.e. 
post-stress anxiety); 
ipsapirone attenuated 
SPS-induced performance 
anxiety (measured in the 
middle of the speech). 
Diazepam was anxiolytic 
before and after the SPS 
test but had no effect on 
the increase in anxiety 
induced by the speech 
test. Only ipsapirone 
attenuated the increase in 
systolic blood pressure 
induced by the test. 
Significant sedative 
effects were found only 
in the diazepam group

Crippa 
et al. [164]

N = 10 healthy 
males

Effects of CBD on regional 
cerebral blood flow (rCBF) in 
healthy volunteers using 
single-photon emission 
computed tomography (SPECT)
CBD (400 mg, 99.9% pure, 
dissolved in corn oil) or placebo, 
crossed, double-blind design, 2 
experimental sessions with an 
interval of 1 week
Visual Analogue Mood State 
(VAMS) used to assess anxiety

CBD significantly 
reduced subjective 
anxiety
Brain activity increased 
in the left-para- 
hippocampal gyrus and 
decreased in the left 
amygdala-hippocampus 
complex, extending into 
the hypothalamus and 
also into the left posterior 
cingulate gyrus
Anxiolytic effects were 
detected before the 
anxiety-evoking situation, 
indicating that CBD can 
reduce anticipatory 
anxiety
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Table 5.1 (continued)

Reference Participants (No.) Details of study Results
Crippa et al. 
[165]

N = 10 patients 
with Social 
Anxiety Disorder 
(SAD)

Effects of CBD on regional 
cerebral blood flow (rCBF) in 
patients with SAD investigated 
using single-photon emission 
computed tomography (SPECT)
CBD (400 mg, 99.9% pure 
dissolved in corn oil) or placebo, 
crossed, double-blind design, 2 
experimental sessions
Visual Analogue Mood State 
(VAMS) used to assess anxiety

Compared with placebo, 
a single dose of CBD 
(400 mg) significantly 
reduced subjective 
anxiety measures before 
and after SPECT 
(anticipatory anxiety, 
p < 0.001)
SPECT showed reduced 
ECD uptake in the left 
para-hippocampal gyrus 
(indicating decreased 
activity) in contrast to 
Crippa et al.’s [164] study 
on healthy adults that 
found increased activity, 
which may reflect the 
difference between 
healthy patients and 
patients with 
SAD. SPECT also found 
reduced ECD uptake in 
the inferior temporal 
gyrus and increased ECD 
uptake in the right 
posterior cingulate gyrus 
(p < 0.001, uncorrected)
The results suggest that 
CBD reduces anxiety in 
SAD, and this is related 
to the effects on activity 
in the limbic and 
paralimbic brain areas.

(continued)
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Table 5.1 (continued)

Reference Participants (No.) Details of study Results
Fusar-Poli 
et al. [166]

N = 15 healthy 
males

Randomised, double-blind, 
placebo-controlled study to 
investigate the effects of THC 
and CBD on regional brain 
function during emotional 
processing. Participants were 
assessed on 3 separate occasions 
using event-related functional 
MRI whist viewing faces that 
elicited different anxiety levels. 
Each session was preceded by 
intake of either 10 mg THC, 
600 mg CBD (both 
approximately 99.6% and 99.9% 
pure, respectively) or placebo. 
The main outcome measures: 
regional brain activation (blood 
oxygenation level-dependent 
response), electrodermal activity 
(skin conductance response 
[SCR]) and objective and 
subjective ratings of anxiety

THC associated with 
increased anxiety, levels 
of intoxication, sedation 
and psychotic symptoms. 
Trend towards reduced 
anxiety associated with 
CBD. The number of 
SCR fluctuations during 
processing of intensely 
fearful faces increased 
following THC 
administration but 
decreased after CBD 
administration. CBD 
attenuated blood 
oxygenation level- 
dependent signal in 
amygdala and the anterior 
and posterior cingulate 
cortex whilst men were 
processing intensely 
fearful faces; suppression 
of the amygdalar and 
anterior cingulate 
responses was correlated 
with concurrent reduction 
in SCR fluctuations. THC 
mainly modulated 
activation in the frontal 
and parietal areas.

Bergamaschi 
et al. [169]

Patients with 
social anxiety 
disorder (SAD) 
(n = 24), 12 
healthy controls

Double-blind study, n = 24 Px 
with SAD compared with n = 12 
healthy controls
SAD patients randomised into 2 
groups, 600 mg CBD or placebo
Outcome variable: performance 
of simulated public-speaking 
test

Pre-treatment with CBD 
in SAD patients 
significantly reduced 
anxiety, cognitive 
impairment and 
discomfort in speech 
performance and 
significantly decreased 
alert levels in anticipatory 
speech compared with 
healthy controls
SAD+ Placebo group: 
higher anxiety, cognitive 
impairment, discomfort 
and alert levels compared 
with healthy controls 
during the simulated 
public-speaking test
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Table 5.1 (continued)

Reference Participants (No.) Details of study Results
Zuardi 
et al. [126]

N = 60 healthy 
subjects, both 
sexes (18–35 
years)

Double-blind, placebo- 
controlled RCT. Subjects 
randomised into 5 groups: 
placebo, clonazepam (1 mg) and 
CBD (100, 300 and 900 mg). 
Subjects then were required to 
speak in front of a group formed 
by the remaining participants. 
Participants completed the 
anxiety and sedation factors of 
the visual analogue mood scale, 
and heart rate and blood 
pressure were measured. Each 
session had four steps following 
the administration of the 
treatment or placebo: -5 
(baseline), 80 (pre-test), 153 
(speech) and 216 (post-speech).

Pure CBD used (99.6% 
purity). 300 mg of CBD 
was found to attenuate 
anxiety in the post-speech 
phase; however neither 
100 mg nor 900 mg was 
able to do so. Results of 
animal studies confirmed 
that CBD induced 
anxiolytic effects with a 
dose-dependent inverted 
U-shaped curve in 
healthy subjects in the 
post-speech phase. 
300 mg of CBD did not 
reduce SBP or DBP

Masataka 
[171]

37 Japanese 
teenagers aged 
18–19 years with 
social anxiety 
disorder (SAD) 
and avoidant 
personality 
disorder

Double-blind, placebo- 
controlled RCT. Participants 
randomised to receive cannabis 
oil containing 300 mg of CBD 
or placebo. SAD symptoms 
were measured at the beginning 
and end of the treatment period 
of 4 weeks, using the Fear of 
Negative Evaluation Scale and 
the Liebowitz Social Anxiety 
Scale

CBD significantly 
decreased anxiety as 
measured by both scales; 
reduction in symptoms 
comparable to paroxetine 
(drug used commonly to 
treat this condition)

Shannon 
et al. [163]

Retrospective 
case series at 
psychiatric clinic 
(3 month study)
N = 72 patients: 
n = 47 main 
concern anxiety; 
n = 25 main 
concern poor 
sleep

CBD adjunct to normal 
treatment for anxiety and sleep 
disorders (most 25 mg/day in 
capsule: if anxiety 
predominantly, dosing was after 
breakfast; if sleep problems 
predominant, dosing in evening 
after dinner)

Anxiety scores decreased 
within the 1st month in 
57 patients (79%) and 
remained decreased.
Sleep scores improved 
within the 1st month in 
48 patients (67%), but 
scores fluctuated over 
time.
CBD was well tolerated, 
and few reported side 
effects (2 discontinued in 
the 1st week – fatigue; 1 
discontinued – sexually 
inappropriate behaviour)
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recreational market are typically those high in THC. Let us look at what the pre-
clinical and clinical research says.

 Preclinical Research: Effects of THC on Anxiety

Preclinical studies suggest that there is a biphasic or bimodal response associated 
with THC: in low doses, THC is anxiolytic, but chronic administration of high doses 
produces anxiogenic effects [176–178]. Animal research has found that acute 
administration of higher doses of THC under conditions of high stress increases 
anxiety by increasing neuronal activity in the limbic system and especially in the 
amygdala [124, 179]. Further potential mechanisms of action have been elucidated 
using genetic knockdown mice models (selectively knocking out CB1 receptors in 
either GABA or glutamate neurons). Such studies have found an anxiolytic effect of 
cannabinoids at low doses, mediated by the CB1R activation of cortical glutaminer-
gic neurons (thereby decreasing the release of this excitatory neurotransmitter) and 
an anxiogenic effect at high doses, mediated by the CB1R activation of forebrain 
GABAergic neurons (thereby decreasing the release of this inhibitory neuron) [108, 
177]. CB1 receptor stimulation by low- dose THC in anxiety-related brain regions 
(e.g. PFC, amygdala and hippocampus) of rats was found to activate different sig-
nalling pathways, including those involving CREB function/activity (thought to 
regulate anxiety-like behaviour in rats), and this may underlie also THC’s anxiolytic 
effect [180]. Several other preclinical studies have found that THC may have an 
anxiolytic action [20, 91, 181–183]. Some of these are set out in Table 5.2.

However, it is not so simple to say that low doses are anxiolytic and high doses 
are anxiogenic. The effects of THC may depend on whether the animals were 
stressed or not. In one experiment, both low and high doses of THC exerted anxio-
lytic effects on non-stressed rats, whereas in rats subjected to chronic unpredictable 
stress, the low dose induced anxiogenic effects, whilst the high dose of THC induced 
an anxiolytic effect [182]. These experiments invariably used pure THC.

 Anti-inflammatory Effects
THC shows strong anti-inflammatory and immunosuppressive effects on several 
types of immune cells, including macrophages, natural killer (NK) cells and T lym-
phocytes. This includes suppression of mitogen-stimulated proliferation, IL2 pro-
duction, T-cell-dependent antibody responses and secretion of (pro- inflammatory) 
TNF-α [131]. THC can also regulate the Th1/Th2-type cytokine balance in activated 
human T cells, which can skew the immune response towards a Th2 phenotype 
(beneficial in diseases characterised by inflammation) [184]. As with CBD, THC 
may also play a role in reducing or alleviating anxiety through its anti- inflammatory 
effects.
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Table 5.2 Preclinical research into THC and anxiety

Reference Aim of study Details and results of study
Fokos and 
Pagini [182]

To examine how 
exposure to chronic 
unpredictable stress will 
affect reward function 
and anxiety after acute 
administration of THC in 
rats

Male rats were exposed to no stress or 10 days of 
chronic, unpredictable stress. Alterations in brain 
reward function were assessed with the intracranial 
self-stimulation paradigm. Anxiety responses were 
measured with the EPM.
Chronic unpredictable stress did not affect the 
baseline brain stimulation reward thresholds, and 
THC was not associated with reinforcing actions in 
the ICSS paradigm in non-stressed or stressed rats. In 
non-stressed animals, the low and high doses of THC 
both exerted anxiolytic-like effects. In stressed rats 
only the high dose of THC induced an anxiolytic-like 
response, whilst the low dose induced anxiogenic 
effects

Rubino 
et al. [180]

To investigate the effects 
of low-dose THC on 
anxiety and elucidate 
neuroanatomical 
substrates and cellular 
mechanisms underlying 
the anxiolytic effect of 
THC

Anxiolytic effect obtained in doses of 0.075–1.5 mg/
kg (dose of 0.75 mg/kg was the most effective). 
Pre-treatment with CB1R antagonist fully reversed 
THC’s effect, suggesting CB1R involvement. The 
CFos expression in rats exposed to EPM: THC 
significantly lowered the amount of cFos in PFC and 
amygdala (but not other cerebral areas). As CREB 
function regulates anxiety-like behaviour in rats, 
phosphorylated CREB was measured in the same 
brain areas (PFC, amygdala, hippocampus, nucleus 
accumbens). Rats treated with THC showed a 
significant increase in CREB activation in PFC 
(linked to increased ERK activation) and 
hippocampus (linked to decreased CAMKII 
activity- kinase that inhibits CREB activation), effects 
that were reversed by pre-treatment with the CB1R 
antagonist (suggests that CB1Rs are critically 
involved)

Berrendero 
and 
Maldonado 
[181]

To investigate the 
possible involvement of 
different opioid receptors 
in the anxiolytic-like 
responses induced by 
THC

Mice study using light-dark box as means of 
measuring anxiety.
Administration of low-dose THC (0.3 mg/kg) 
produced anxiolytic responses in the light-dark box. 
Pre-treatment with the CB1 receptor antagonist 
completely blocked the anxiolytic response, 
suggesting that the effect is mediated by the CB1 
receptors. Pre-treatment with μ-opioid receptor 
antagonist and δ-opioid receptor antagonist but not 
the κ-opioid antagonist blocked the THC anxiolytic 
effects
The results suggest that the endogenous opioid 
system is involved in the regulation of anxiety by 
cannabinoids

(continued)
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Table 5.2 (continued)

Reference Aim of study Details and results of study
Braida et al. 
[91]

To assess the in vivo 
involvement of 5-HT1A 
subtype receptors on the 
anxiety-like behaviour 
induced by acute 
injection of AM 404 and 
THC in Sprague–Dawley 
rats

Rats given THC (0.075–0.75 mg/kg i.p.) 30 min 
before and AM 404 (0.75–1.25 mg/kg i. p.) 60 min 
before the EPM test exhibited a dose–response 
anxiolytic effect (as evidenced by an increase in the 
percentage of total entries and time spent in the open 
and decrease in total entries and time spent in the 
closed arms) The anxiolytic effect obtained with the 
maximal active dose of both THC (0.75 mg/kg) and 
AM 404 (1.25 mg/kg) was blocked by a 5-HT1A 
receptor antagonist. The combination of an ineffective 
dose of THC (0.015 mg/kg) or AM 404 (0.015 mg/
kg) on anxiety-related responses with an ineffective 
dose of the 5HT1A receptor agonist led to a synergistic 
effect
The results suggest that the anxiolytic effect produced 
by endo- and phytocannabinoids is modulated by the 
5-HT1A receptors

Liu and 
Burnham 
[183]

To test the effects of 
THC, CBD and a 
combination of CBD and 
THC (15:1 ratio) in mice 
models of anxiety (the 
EPM) and depression 
(forced swimming test, 
FST)

Anxiety Expt. Male CD1 mice (30–35 g) were 
injected i.p. with CBD (0, 3, 6, 12, 24, 48 and 96 mg/
kg), THC (0, 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 mg/kg), 
CBD + THC (0, 3 + 0.2, 6 + 0.4, 12 + 0.8, 24 + 1.6, 
48 + 3.2, 96 + 6.4 mg/kg) or diazepam (positive 
control, 0 and 2.5 mg/kg). They were then tested in 
the EPM for 5 min
Results: CBD did not have significant anxiolytic 
effects at any dose. THC caused a significant increase 
in time spent in open arms of EPM at 3.2 and 6.4 mg/
kg (more time spent in the open arms of the EPM 
where height and openness of the elevated arm are 
typically anxiety-producing indicates less anxiety)
Combination of CBD + THC was no different from 
THC alone
Depression Expt.
Adult, male CD1 mice (30–35 g) were injected i.p. 
with CBD (0, 7.5, 15, 30, 60 and 120 mg/kg), THC 
(0, 0.5, 1, 2, 4 and 8 mg/kg), CBD + THC (0, 
7.5 + 0.5, 15 + 1, 30 + 2, 60 + 4, 120 + 8 mg/kg) or 
imipramine (positive control, 0 and 30 mg/kg). Mice 
tested in FST (6 min) or open field arena (60 min). 
CBD was injected 60 min before testing; THC was 
tested 30 min before testing. Mice were tested only 
once (n = 10–15 for each dose)
Results: CBD did not have significant anti-depressive 
effects at any dose.
THC significantly decreased immobility time in FST 
at 2 mg/kg without affecting the open-field activity 
(suggests an antidepressant effect)
Combination of CBD + THC was no different from 
THC alone
Conclusion: THC had both anxiolytic and 
antidepressant effects at some doses
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 Human Research: Effects of Cannabis and THC on Anxiety

There is a small number of human studies that have assessed the effects of cannabis 
and THC in relation to anxiety. These include brain imaging studies, observational 
studies and a small number of RCTs. Some of these published studies are as follows.

 Brain Imaging Studies
Several studies have used functional imaging to assess the effects of THC on vari-
ous brain regions, as well as on the levels of anxiety. These lend support to the 
notion that the ECS is involved in the regulation of anxiety; these also provide 
information on the effects of THC on anxiety and which brain regions appear to be 
involved.

In a study of 15 healthy male volunteers, regional brain activity was measured, 
and anxiety was rated subjectively on three separate occasions. Volunteers randomly 
received either 10 mg THC, 600 mg CBD or placebo. The study found that the 
10 mg oral THC increased anxiety and other negative emotions compared with pla-
cebo, in contrast to oral CBD (600 mg), which led to a small decrease in anxiety, 
which did not quite reach statistical significance (p = 0.06). THC administration was 
associated with an increase in activity in the precuneus and primary motor cortex 
and reduced activity in the bilateral middle frontal gyrus and posterior cingulate 
cortex [166].

Another imaging study that focused on changes in the amygdala in non-daily 
users found that 7.5 mg THC reduced amygdala responses to threatening faces and 
anterior cingulate responses to negative emotional images [185].

In another study of healthy volunteers, the effects of acute dosing of THC (two 
doses, 7.5 mg and 15 mg) compared with placebo were examined in separate testing 
sessions. The volunteers received the THC or placebo before assessing facial emo-
tion recognition and emotional responses to pictures of emotional scenes. THC was 
found to impair recognition of facial fear and anger significantly but only slightly 
impaired recognition of sadness or happiness. The effect on emotional evaluation 
was not clearly associated with THC’s mood-altering effects [186].

In a later imaging study of healthy males, performance and brain activity in sev-
eral regions were assessed during a task of matching of stimuli with negative images 
(fearful faces) and positive images (happy faces) after placebo or THC (9  mg) 
administration. In this study, the task activated many brain regions, including the 
amygdala, orbital frontal gyrus, hippocampus, PFC, parietal gyrus and occipital 
cortex. They found an interaction between THC and the emotional content of the 
images – brain activity associated with processing of happy images was reduced, 
and that associated with processing of the fearful faces was increased after THC 
administration [187]. This study did not find any significant alteration in amygdala 
activity in association with the viewing of different faces; however an interaction 
between THC and activity was observed in several other brain regions, including the 
right PFC, left hippocampus, left and right occipital cortex, vermis, right superior 
parietal gyrus and right supplementary motor area, which were all statistically sig-
nificant [187]. This study was interesting as it was the first to show opposite effects 
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of THC for processing stimuli with positive and negative emotional contents across 
several brain regions and suggests that THC shifts the brain’s apparent bias for 
negative emotional stimuli towards positive emotional stimuli, thereby adding fur-
ther evidence of the ECS involvement in the regulation of emotions [187].

It should be noted that in all of these studies, the participants were healthy adults. 
These were not conducted on people diagnosed with anxiety.

 Survey of Whole Plant Cannabis: Are Some Strains Better 
in Alleviating Anxiety?
Few clinical studies have been conducted to ascertain whether particular cannabis 
strains might be more effective than others in alleviating various medical condi-
tions. This is also true for anxiety. In addition, most of the preclinical research 
focuses on purified cannabinoids, such as purified CBD or THC. One study sought 
to investigate which cannabis strains might be more effective in treating anxiety by 
surveying 442 medical cannabis patients receiving organically grown cannabis from 
a single source. The study found that more than 50% of the respondents (266/442) 
reported anxiety as a symptom for which they use medicinal cannabis, and 15% 
reported being diagnosed with a specific anxiety disorder. Around 14% of partici-
pants reported anxiety as an adverse reaction to medicinal cannabis [25].

A total of 260 participants rated the effectiveness of cannabis in alleviating anxi-
ety on a Likert scale of 0–10 (0 = not effective, 10 = extremely effective). The mean 
score was 8.03 (95% CI 7.83–8.22 CI, p = 0.05; median 8). Patients were asked to 
identify which strains were most effective in relieving anxiety. A total of 219 and 
189 participants gave responses for the most effective strain and the least effective 
strain, respectively.

• The top four strains/cultivars voted to be the most effective were Bubba Kush 
(n = 44, 20.1%), Skywalker OG Kush (n = 39, 17.8%), Blueberry Lambsbread 
(n = 36, 16.4%) and Kosher Kush (n = 33, 15.1%).

• The top four chemovars voted to be the least effective were Chocolope (n = 22, 
11.6%), Blueberry Lambsbread (n = 16, 8.5%), CBD Shark (n = 16, 8.5%) and 
Tangerine Dream (n = 15, 7.9%).

Interestingly, Blueberry Lambsbread (a myrcene-dominant strain) was included 
the top four of chemovars voted to be the least and most effective. The study authors 
suggest that this might arise from the differences in the biochemistry between 
patients or different symptom aetiologies, which may require different pharmaco-
logical approaches. In the most effective strains, the following terpenes were found 
to be most abundant: trans-nerolidol, followed by myrcene and β-caryophyllene.

The active constituents of these eight cultivars (four voted to be the most effec-
tive and four voted to be the least effective) were then analysed using high- 
performance liquid chromatography (HPLC-MS/MS) and GC-MS to investigate 
whether there were any correlations between phytocannabinoids and terpenes and 
anxiolytic action. They found that THC and the terpene trans-nerolidol were (statis-
tically) significantly correlated with increased anxiolytic activity, whilst the 
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following (all terpenes) were significantly correlated with decreased anxiolytic 
activity: guaiol, eucalyptol, γ-terpinene, α-phellandrene, 3-carene and sabinene 
hydrate [25].

The interesting fact about this study is that it recognises that there are differences 
in efficacy, in this case for anxiety, between the different strains of cannabis. 
Different strains have different chemical profiles (phytocannabinoids, terpenes), 
which are responsible for the therapeutic action on the body. Moreover, in this study, 
not only the phytocannabinoids but also the terpenes are investigated.

 Observational Studies
In a study of chronic dosing, investigating only inhaled methods of consuming can-
nabis (smoking, vaping, concentrates, dab bubbler, dab portable), a total of 561 
medical cannabis users (299 women and 262 men, mean age 33, std dev. 10 years) 
used an application to track changes in anxiety (n = 770), depression (n = 561) and 
stress (n = 726) [188]. The mean number of sessions tracked was 13.15 per person 
(std dev. 38.48; range 1–972 sessions). A total of 11,953 tracked inhalation sessions 
were included in the final data analysis (it included only those who re-rated their 
symptoms within 4 h of inhalation).

The results were as follows:

• Cannabis significantly reduced ratings of anxiety (58% reduction), depression 
(50% reduction) and stress (58% reduction).

• Anxiety symptom ratings were reduced in 93.5% of tracked sessions, exacer-
bated in 2.1% of sessions and no change in 4.4% sessions; women perceived a 
significantly greater reduction in anxiety ratings than men.

• Stress was reduced in 93.3% of tracked sessions, increased in 2.7% and no 
change in 4% of sessions (no difference between genders).

• Depression symptom ratings were reduced in 89.3% of tracked sessions, exacer-
bated in 3.2% and no change in 7.5% of sessions (no difference between genders).

• High THC (e.g. >26.5%)/high CBD (e.g. >11%) cannabis best for reducing per-
ceived symptoms of stress.

• Low THC (e.g. <5.5%)/high CBD (e.g. >9.5%) cannabis best for reducing per-
ceived symptoms of depression

There was no apparent dose effect found for anxiety or depression; they found 
that two puffs were just as effective at reducing anxiety ratings as 10 or more puffs 
(but two puffs were better than one). For depression, one puff was just as effective 
as 10 or more puffs. For stress, there was a positive linear relationship between the 
number of puffs and reduction of stress ratings, with 10 or more puffs producing 
the largest perceived decreases in stress. One must remember that this study 
included five different inhalation methods, which could have influenced results. 
The baseline ratings of anxiety and stress were relatively stable across tracked ses-
sions; however the baseline ratings of depression significantly increased over ses-
sions or time [188].

Scientific Evidence: THC in the Treatment of Anxiety



168

This study is important in that it focused on a very common method of consum-
ing medicinal cannabis, at least in the USA: inhalation [189]. A US survey indicated 
that over 92% of medical and non-medical use was through this method, whilst a 
much lower percentage (8%) was via oral administration [10]. In contrast, many 
other studies on humans have investigated the oral route of administration. 
Ideally research is needed in all routes of administration. 

Retrospective Study: Medicinal Cannabis Reduced Benzodiazepine Use
Benzodiazepines are commonly used in the treatment of anxiety and insomnia, as 
well as neurological conditions. A retrospective study was conducted on 146 medic-
inal cannabis patients (average age 47 years, 61% female and 54% reporting prior 
cannabis use) who reported the use of benzodiazepines at the initiation of cannabis 
therapy. The patients were using benzodiazepines for pain (47.9%), neurological 
(7.5%), psychiatric (31.9%) and other (12.7%) conditions. After 2 months of medic-
inal cannabis use, 30.1% had discontinued use of benzodiazepines, and by 4 and 6 
months, 44.5% and 45.2% of patients had discontinued benzodiazepine use, respec-
tively. There was no significant difference in the proportions of CBD and THC in 
the cannabis used by those who discontinued or did not discontinue benzodiaze-
pines. The study did not assess strain of cannabis used or the method of administra-
tion [190].

 Randomised Controlled Trials
In one double-blind RCT of 24 healthy cannabis users, the effects of smoking low and 
high doses of THC (1.8% and 3.6%, respectively) were compared with placebo on 
subjective ratings of anxiety. In four blinded sessions, the participants smoked can-
nabis cigarettes containing placebo, THC with low or high levels of cannabichromene 
(0.1% vs 0.5%) and low or high levels of CBD (0.2% vs 1.0%). The participant ratings 
of anxiety increased after smoking cannabis compared with placebo (p < 0.05), and 
the ratings did not differ between the high and low THC strains. In addition, during 
tests of working memory and episodic memory, compared with placebo, active THC 
cigarettes were associated with a decrease in performance, reduction in EEG power 
and reduction in ERP components, which reflected attention- related processes [191].

In a double-blind, placebo-controlled study of healthy adults, low doses (7.5 mg) 
of oral THC attenuated self-reported negative emotional effects of a psychosocial 
stressor, but high doses (12.5 mg) increased subjective distress, anxiety and depres-
sion [192].

 Systematic Reviews
Finally, a systematic review (7 studies, n = 252) found that pharmaceutical THC 
with or without CBD improved anxiety symptoms among people with other medi-
cal conditions (mainly chronic non-cancer pain and MS), though the quality of the 
evidence was judged to be low [173]. The authors stated the following:

‘Most of the included studies were done among individuals in whom depression or anxiety 
was secondary to another medical condition, and in these studies, we found no impact of 
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pharmaceutical THC (with or without CBD) on depression symptoms, and a small reduc-
tion in anxiety symptoms’.

This is an important point – studies are generally statistically powered to have 
enough participants to identify a change in the primary outcome variable but may 
not be sufficiently powered to identify changes in secondary outcome variables. 
This means that there may not have been sufficient participant numbers in a study 
to determine whether the medicine had an effect on anxiety or depression as second-
ary outcome variables. We also note here that this review was about ‘pharmaceutical 
THC’. Thus, one cannot extrapolate this to whole-spectrum products con-
taining THC.

 Does Adding CBD to THC Lower Its Anxiogenic Effect?

There is some support in both preclinical and clinical studies that CBD may be able 
to attenuate the less desirable effects of THC, including its anxiogenic effects. Data 
is mixed in animal studies.

 Preclinical Research
In animal studies, data is mixed as to whether adding CBD to THC can lower the 
anxiogenic effect of THC [193]. The question is complicated by findings that differ-
ent models of stress and anxiety used in animal experiments have been shown to 
produce different results in relation to the effects of CBD on anxiety [81, 193].

For example, in one rat study, acute administration of CBD attenuated the 
THC- induced reduction in social interaction (which is a putative anxiety-like 
behaviour) [194]. Yet, another rat study found that CBD could augment some of 
the undesirable effects associated with chronic THC use. In this study, a com-
parison was made between rats given THC only and rats given CBD and 
THC. Rats were given ascending doses of THC daily over 21 days (1 mg/kg, then 
3 mg/kg, then 10 mg/kg). Some rats were given the equivalent CBD dose 20 min 
before each THC injection. The addition of CBD was found to inhibit body 
weight gain associated with chronic THC dosing, but it also mildly augmented 
the anxiogenic effects and locomotor suppressant effects and decreased social 
interaction associated with THC. The mechanism of action by which CBD poten-
tiates the psychoactive and physiological effects of THC is likely to involve 
CYP450 enzymes. CYP450 enzymes metabolise both CBD and THC, so the 
addition of CBD may have resulted in delayed metabolism and elimination of 
THC [195].

 Clinical Research
There have been a few clinical studies that have examined whether CBD is able to 
attenuate some of the undesirable effects of THC, such as anxiety. In an early study 
using double-blind controlled trial methodology, 40 healthy males were assigned to 
one of 8 experimental groups receiving (per oral) placebo, 30 mg THC, 15 mg CBD, 
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30 mg CBD, 60 mg CBD and mixtures of 30 mg THC and either 15, 30 or 60 mg 
CBD. Pulse rate, time production tasks and psychological reactions were measured 
at time intervals following ingestion. The study found that only 30 mg THC alone 
increased pulse rate, disturbed time tasks and induced strong psychological reac-
tions. The psychological reactions usually started within 30–50 min after ingestion, 
reaching a peak 30–60 min later, and gradually subsided within the next 2–3 h. In 
general, these symptoms appeared in waves during which the participants reported 
strong feelings of anxiety (sometimes near a state of panic), between which they 
were less anxious. Doses of 15–60 mg of CBD alone provoked no such effects; 
however it was found to be efficient in blocking or attenuating most of the adverse 
effects of THC when these were used together. All doses of CBD were able to par-
tially block the anxiety component of THC: even 15 mg of CBD was able to consid-
erably reduce psychological reactions induced by 30  mg THC.  Adding CBD to 
THC was associated with not just less anxiety and panic but also more pleasurable 
effects (associated with the THC) [161].

In a double-blind study in 1982, eight (8) healthy volunteers received 0.5 mg/
kg THC, 1 mg/kg CBD, a mixture containing 0.5 mg THC plus 1 mg/kg CBD, 
placebo (control) and diazepam (control) in different sequences. CBD was found 
to block the anxiety produced by THC, as well as other effects induced by THC 
(i.e. the ‘marijuana-like’ effects). No change was detected in pulse rate measure-
ments [196].

In contrast, a study of nabiximols (combination of THC and CBD) compared 
with THC alone did not find evidence of a beneficial effect on anxiety by having 
CBD in the mix. In this study they compared 5 mg THC, 15 mg THC, low-dose 
nabiximols (5.4 mg THC/5.0 mg CBD) and high-dose nabiximols (16.2 mg THC, 
15.0 mg CBD) with placebo. All produced anxiety compared with placebo; however 
there were no differences between THC alone and the combinations of THC and 
CBD in the measures of anxiety [197].

In a study of nabilone (synthetic THC), patients taking nabilone for neurogenic 
pain preferred the cannabis herb (which of course has a broader spectrum of can-
nabinoids, terpenes and other biologic compounds) and reported that the cannabis 
herb also relieved the associated anxiety and depression [198]. It is likely that the 
combination of several cannabinoids and other plant nutrients (e.g. terpenes) 
improves the therapeutic value [199].

 Systematic Review: The Jury Is Still Out
More recently, in 2019 a systematic review was conducted on whether CBD was 
able to influence the acute effects of THC. This review contained 16 studies with 
466 participants in total, 10 of which had a low risk of bias. The results were mixed. 
CBD was found to reduce the effects of THC in several, but not all, studies. In some 
studies (but not all), CBD was found to reduce intense experiences of anxiety or 
psychosis-like effects of THC and to attenuate some of the impairments on emotion 
and reward-processing. There was considerable variability across the studies in 
terms of dose, route of administration and ratio of THC to CBD, which is not sur-
prising in a systematic review. No clear dose-response profile was found. The 
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authors of the review concluded that although the findings were conflicting, the 
results suggest that CBD may interact with some acute effects of THC [200].

 What Do We Conclude?
The above studies have focused on the potential effects on anxiety of adding CBD 
to THC. Acute exposure to THC has been shown to cause acute, transient and dose- 
related impairments in cognitive functioning, including executive functioning, 
abstract ability, decision making, verbal learning, short-term memory, working 
memory and attention. Although the results of clinical data are mixed, some studies 
suggest that CBD may attenuate some of these other undesirable effects on cogni-
tion induced by THC, as well as psychosis [193].

We still have a lot more to learn with respect to the potential effects of adding 
CBD to THC on the less desirable effects induced by THC. A major limitation of 
the current research is that the majority of animal studies have assessed the potential 
interactions between CBD and THC using acute dosing rather than chronic dosing. 
Another issue is that only a limited number of preclinical studies have investigated 
the effects of injected THC; yet inhalation is the most common method of cannabis 
use in humans [193].

See Boggs et al. [193] for a good summary of current preclinical and clinical 
evidence in relation to the potential effects of CBD in attenuating the effects of THC.

 Whole Plant Medicines and Entourage Effects in Anxiety

Much of the research discussed previously relates to CBD and THC, two of the 
main cannabinoids and certainly the most well researched of the phytocannabi-
noids. However, cannabis has over 700 secondary metabolites. There is increasing 
evidence of anxiolytic effects of some of the other phytocannabinoids, as well as the 
terpenes. Here, we will look at some of these.

 Other Phytocannabinoids with Potential Anxiolytic 
and Antidepressant Effects
Many of the lesser known and researched phytocannabinoids appear to have anxio-
lytic and antidepressant effects. Thus, understanding the chemical profile of the 
cannabis strain used in a cannabis medicine, including minor cannabinoids, is 
important as these, along with the terpenes, are likely to add synergistically to the 
therapeutic effect. Here are some examples:

• CBDA (cannabidiolic acid) methyl ester: more potent than CBD in reducing 
acute stress-induced anxiety-like behaviour in rats;

• CBC (cannabichromene): AEA uptake inhibitor; antidepressant in rodent model;
• CBG (cannabigerol): antidepressant in rodent model [160, 201]

 Terpenes with Anxiolytic Effects
Several terpenes may be anxiolytic, including:
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• α-Pinene
• β-Caryophyllene
• Linalool
• Limonene
• Humulene
• Myrcene
• Trans-nerolidol and many others [201]

A distinction needs to be made between something that acts as a sedative and 
something that acts as an anxiolytic agent. Many of the terpenes have sedative 
actions, and many sedatives have also anxiolytic actions. This section will look very 
briefly at just some of the research that indicates that many of the terpenes present 
in Cannabis sativa (also present in other plants) may have anxiolytic effects. This is 
important in the context of whole plant medicines – the terpene profile of the vari-
ous strains or cultivars of cannabis varies, and therefore, when choosing a strain of 
cannabis, read the label (or certificate of analysis).

Note that most of the following studies are on terpenes derived from plants other 
than Cannabis sativa.

α-Pinene imparts a pine aroma and, not surprisingly, is found in pine trees. It has 
been shown to have anxiolytic and hypnotic effects via the GABAergic system on 
inhalation; it can also increase non-rapid eye movement (NREM) sleep without 
affecting the REM and delta activity [202]. In a mice experiment in which the mice 
inhaled a therapeutic concentration of α-pinene (either 8μL/L or 32μL/L air essen-
tial oil from Chamaecyparis obtusa [EOCO]), there were significant increases in 
the number of visits to open arms and times spent in open arms of the EPM, indicat-
ing an anxiolytic response. For the lower concentration of inhaled α-pinene, there 
was no increase in locomotor activity, which the investigators posit may be due to a 
low, constant concentration of α-pinene in certain parts of the brain. However, for 
the higher level of inhaled α-pinene (32μL/L air EOCO), they found an increase 
in locomotor activity and an increase in the concentration of α-pinene in most parts 
of the brain [203]. Other mice studies have also found inhaled α-pinene to have 
anxiolytic actions [203–205].

β-Caryophyllene (BCP) is an under-recognised phytocannabinoid. It is a com-
mon terpene in cannabis and many other plants and herbs, including black pepper 
and hops. Mice experiments have demonstrated anxiolytic effects of β-caryophyllene 
[206] as well as trans-nerolidol [207]. BCP is a full agonist at CB2 receptors [206, 
208], and CB2 receptors are involved in the regulation of mood disorders and anxi-
ety [209, 210]. This terpene has also been shown to activate nuclear peroxisome 
proliferator- activated receptors-α (PPAR-α) [211]. Which receptors are involved in 
mediating the anxiolytic effects associated with BCP is still being elucidated, but 
research implicates CB2, PPAR-ϒ and 5-HT1A receptors. In one study, the anxio-
lytic and anti-depressant effects of BCP were found to be fully reversed by treat-
ment with AM630 (CB2 antagonist), suggesting that CB2 receptors were involved 
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[206]. In another study the anxiolytic, anti-oxidant and anti-inflammatory effects of 
BCP were found to be mediated by both the PPAR-γ and CB2 receptors, whilst 
antidepressant and memory improvement was found to be mediated only by the 
CB2 receptors, mainly by the upregulation of PGC-1α and BDNF [212]. However, 
in yet another study, the anxiolytic effect of BCP was found to be mediated by the 
5-HT1A receptors without involvement of the GABA (A) receptors [213].

Limonene is a terpene that imparts a citrus-like taste and aroma and is found in 
several plants, including citrus fruits like lemons. It activates the adenosine receptor, 
which is involved in the transmission of dopamine. In a rat study set up to assess the 
effect of component of lemon essential oil on the monoamine levels in the brain and 
serum under conditions of physical and psychological stress, R-limonene, citral and 
γ-terpinene were found to inhibit the elevation of serum corticosterone levels (stress 
hormone) and cerebral monoamine levels. The stereo-isomer of R-limonene, S -lim-
onene, has a stronger effect and inhibited the elevation of brain monoamines on 
psychological stress, leading the authors to conclude that limonenes, particularly S - 
limonene, have a potent stress-alleviating effect [214].

Linalool is a terpene that contributes to lavender’s relaxing fragrance and is also 
found in cannabis. Linalool has anxiolytic, sedative and anti-neoplastic properties, 
and these may relate to its modulatory activity on glutamate and GABA neurotrans-
mitter systems. Research on mice models of anxiety has found that linalool, specifi-
cally the leaf essential oil and its major compound S-(+)-linalool, significantly 
increased the time that mice remained in the centre of the open field test, open arms 
of the EPM test and the illuminated section of the light-dark test, indicating anxio-
lytic responses that were without side effects, which affect the motor activity. When 
the level of monoamines in the brains of the mice was measured, decreased levels 
of serotonin, dopamine and norepinephrine, were observed, which the authors stated 
were consistent with the anxiolytic effects [215].

Myrcene has been found to protect the brain, heart and skin from inflammation 
and oxidative damage and also has anti-nociceptive actions [202]. There is weak 
evidence currently for a sedative effect [202], a study in mice where high doses 
(200 mg/kg) increased barbiturate-induced sleeping time and motor relaxation [216].

 N-Palmitoylethanolamine (PEA) and Anxiety

N-Palmitoylethanolamine (PEA) may play a role in maintaining cellular homeosta-
sis in the face of external stressors causing inflammation and oxidative stress [217]. 
Research suggests that it may also play a role in the regulation of emotions.

The activation of PPAR-α by PEA induces biosynthesis in the periphery of allo-
pregnanolone, which is a GABAergic neurosteroid that may be involved in mood 
disorders. A mouse model of PTSD was used to study the effects of PPARα activa-
tion on emotional behaviour. Two groups of mice were investigated – one was a 
socially isolated group and the other was group-housed mice. In this experiment, the 
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neurosteroid levels were measured before and after PEA treatment using 
chromatography- mass spectroscopy in various brain regions after exposure to a 
contextual fear conditioning test (used as a means of measuring PTSD-like behav-
iour), the EPM test (used as a means of measuring anxiety-like behaviour), forced 
swimming test (used as a measurement of depressive-like behaviour) and tail sus-
pension test (also used as a measurement of depressive-like behaviour). They also 
measured the neurosteroidogenic enzyme levels in the hippocampus of mice [218].

They found that PEA facilitated fear extinction and fear extinction retention in 
the PTSD-simulating test. They also found that PEA induced marked anxiolytic and 
anti-depressive effects in socially isolated mice, along with decreased allopregnano-
lone levels. These effects were blocked by PPAR-α deletion, PPAR-α antagonists 
and neurosteroid enzyme inhibitors, and they were mimicked by PPAR-α agonists. 
The improvements in behaviour were correlated with PEA-induced upregulation of 
PPAR-α, neurosteroidogenic enzyme expression and normalisation of allopreg-
nanolone levels in the corticolimbic areas of the brain, leading to the conclusion that 
PPAR-α is involved in emotional behaviour regulation. Thus, PPAR-α might be a 
useful therapeutic target for mental health disorders characterised by deficient 
neurosteroidogenesis, such as PTSD and major depressive disorder [218].

 Diet, ECS and Anxiety

Omega 3 (ω3 or n3) polyunsaturated fatty acids play an important role in nutritional 
therapy and in the modulation of the ECS as we learned earlier. The relevance of 
lipids in brain function is illustrated by the fact that the CNS has the highest concen-
tration of lipids in the organism after the adipose tissue (50–60% of the dry weight 
of the brain) [219]. It is generally considered that humans evolved on a diet with a 
ratio of Omega 6 (ω6) to Omega 3 (ω3) polyunsaturated fatty acids (PUFAs) equal 
to approximately 1:1. In mammals, linoleic acid (LA, ω6 PUFA) and alpha linoleic 
acid (ALA, ω3 PUFA) cannot be synthesised de novo and need to be provided 
through the diet. These essential PUFAs are metabolised into long-chain bioactive 
lipids using the same enzymatic pathway, meaning that LA and ALA are in compe-
tition for conversion to AA and DHA but also for their entry into the brain [220].

The reduced dietary supply of ω3 PUFAs to the brain is associated with many 
brain diseases, including depression and anxiety disorders [221]. Supporting clini-
cal observations, preclinical studies conducted on rodents showed that ω3 PUFA- 
deficient diet consumption induces anxiety-like and depressive-like symptoms as 
well as abnormal social behaviour in adult offspring [222]. Rats that were fed with 
a ω3 PUFA-deficient diet displayed HPA hyper-reactivity after stress exposure 
reflected by increased levels of plasma corticosterone compared with the control 
diet group [223].

5 Anxiety



175

 Is Cannabis Use Associated with Anxiety?

 What Is the Evidence?

The question of whether recreational cannabis use is associated with mood disor-
ders such as anxiety (and depression) has been investigated in many studies. Some 
of the adverse effects of acute cannabis intoxication include feelings of anxiety and/
or paranoia [174, 175]. A number of large cross-sectional surveys have found that 
cannabis users report a higher incidence of anxiety disorders and symptoms com-
pared with non-cannabis users; however the nature of the association is not defini-
tive [224], and evidence of an association does not imply causality. Let’s look at 
some of these studies.

 Associations Between Cannabis Use, Cannabis Dependence 
and Anxiety
A systematic review of 31 studies (with prospective cohort or cross-sectional 
designs using non-institutionalised cases) found positive and statistically significant 
associations between anxiety and cannabis use (OR 1.24, 95% CI: 1.06–1.45, 
p = 0.006; 15 studies) and between anxiety and cannabis use disorder (OR = 1.68, 
95% CI: 1.23–2.31, p = 0.001; 13 studies) [225]. Analysis of data from the National 
Comorbidity Survey in the US indicated that cannabis dependence was associated 
with an approximate two-fold risk of having mood or anxiety disorder [226]. 
Another study found that among those with anxiety disorders, the mental health 
summary scores (on a quality-of-life scale, SF-12) were lower among regular (but 
not occasional) cannabis users compared with non-users [227]. In an Australian 
study that analysed data from the 2007 National Survey of Mental Health and 
Wellbeing, those who had not used cannabis were significantly less likely to have an 
anxiety disorder than cannabis users without cannabis use disorder (CUD) (OR 0.7, 
95% CI 0.50.9), and whilst cannabis users with a CUD were significantly more 
likely to have an affective disorder than cannabis users without a CUD, they were 
no more likely to meet the criteria for an anxiety disorder (than cannabis users with-
out a CUD) [228].

One study sought to investigate whether the prevalence of mental disorders dif-
fered between frequent cannabis users with and without dependence and the general 
population. The study included 521 young adults (aged 18–30 years) who were 
frequent cannabis users. Of these, 252 were diagnosed with DSM-IV cannabis 
dependence (D+), and 269 were without DSMIV cannabis dependence (D−). These 
were compared with 1072 young adults from the general population [229]. The 
study found that both dependent and non-dependent frequent cannabis users were at 
a higher risk than the general population for having ‘any mental disorder’ though 
the risk was much greater for cannabis-dependent than non-dependent frequent 
users (OR 14.97 and 5.35, respectively, both highly statistically significant). The 
study found that ‘externalising disorders’ (an example of an externalising disorder 
is ADHD) were more prevalent in D− (OR 8.91, P < 0.001) and D+ adults (OR 
17.75, p < 0.001) compared with the general population. ‘Internalising disorders’ 
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were more prevalent only in the D+ group (mood OR 4.15, p < 0.001; anxiety OR 
2.20, p    0.002) compared with the general population, but not in the D- group. 
However, when they factored in childhood adversity and substance use other than 
cannabis, these associations were reduced and often became non-significant. For 
example, there was still a significantly higher risk of having any 12-month disorder 
and conduct disorders in both frequent cannabis use groups compared with the gen-
eral population, but there was no difference in ‘any mood disorder’, major depres-
sive disorder, ‘any anxiety disorder’ and ‘general anxiety disorder’ once these 
confounding factors were taken into account. In other words, childhood adversity 
and substance use other than cannabis are likely to have explained the differences 
between the two frequent cannabis use groups and the general population rather 
than the cannabis use. The prevalence of mental health disorders remained higher in 
the D+ compared with the D- groups (OR 2.40, p < 0.001) [229].

 Cannabis Use in Adolescence and Anxiety
A systematic review and meta-analysis was conducted of longitudinal and prospec-
tive studies that assessed cannabis use in adolescents under 18 years of age and 
potential association with development of depression, anxiety and suicidality. A 
total of 11 studies (n = 23317 individuals) were included. This study concluded that 
there was a significantly increased odds of developing depression in young adult-
hood in cannabis users compared with non-users (OR 1.37, 95% CI 1.16–1.62), 
increased odds for suicide ideation (OR 1.50) and suicide attempt (OR 3.46) but no 
significant increased odds for anxiety [230].

In a longitudinal cohort study that spanned 30 years, cannabis use during adoles-
cence was associated with depression and suicidality in adult life, but not anxiety 
disorders [231].

A longitudinal study on adolescents in New Zealand assessed the outcomes of 
cannabis use at ages of 15–16 years. The study found that cannabis use between 
ages 15 and 16 years was significantly associated with anxiety disorders, major 
depression and suicide attempt (between ages 16 and 18 years) compared with non- 
use, but when other confounding factors including other individual, family and 
social factors were factored into the statistical analysis, these associations between 
cannabis use and anxiety/depression/suicide attempt became statistically insignifi-
cant. This indicates that other factors rather than cannabis use were responsible for 
the increased later risk of these mental health conditions [232]. This again brings 
home a very important point in research: that potentially confounding factors must 
be recognised and included in statistical modelling.

In an Australian study which was a state-wide survey of 1601 secondary school 
students aged 14–15 who were followed up for 7 years, they found that around 
60% of participants had used cannabis by the time they were 20, and 7% were daily 
users. Daily use in young women was associated with a greater than five-fold 
increase in odds of reporting depression and anxiety (OR 5.6, 95% CI 2.6–12.0). 
Weekly or greater cannabis use in teenagers was associated with almost doubling 
of risk for later depression and anxiety (OR 1.9, 95% CI 1.1–3.3). However, depres-
sion and anxiety in teenagers did not predict later weekly or daily cannabis 
use [233].
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 Theories to Explain Association Between Cannabis Use 
and Anxiety

A number of large cross-sectional surveys have found that cannabis users report a 
higher incidence of anxiety disorders and symptoms compared with non-cannabis 
users; however the nature of the association is not definitive [224]. There are five 
main theories that attempt to explain the association between cannabis use and anxi-
ety. These are:

• Common factor theory: suggests there are associations because they both have 
common antecedents, which could include biological, social and environmental 
factors (e.g. childhood trauma)

• Self-medication theory: there is an association because individuals who are anx-
ious are motivated to use cannabis to alleviate their symptoms

• Direct causal theory: use of cannabis increases the risk of development of an 
anxiety disorder

• Reciprocal feedback loop theory: simultaneous causation between anxiety and 
cannabis use arise from common factors; each condition leads to an exacerbation 
of the other due to direct causality and/or self-medication

• Stress misattribution theory: a proportion of the associations found between anx-
iety and cannabis are due to users misattributing their stress symptomatology to 
anxiety symptoms [224]

A study of 316 participants who were surveyed about their history of cannabis 
use and stress and anxiety symptoms did not fully support any of the first four 
hypotheses; however cannabis users reporting self-medication for anxiety were 
found to be self-medicating their stress symptoms, lending some support for the 
stress-misattribution theory [224].

 Guidelines for Treating Anxiety with CBD

 When to Use Medicinal Cannabis

Medicinal cannabis treatment should be considered after a thorough clinical assess-
ment and implementation of a comprehensive treatment plan, including lifestyle 
modification, diet and behavioural approaches. Anxiety or depression can be pri-
mary manifestations of several disease conditions that need to be addressed 
promptly. Medicinal cannabis treatment might also be considered after failure of 
usual drug therapy or in conjunction with diseases known to be associated with 
depression like diabetes, rheumatoid arthritis and malignancy.
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 Type of Product (Blends)

Ideal blends are high in CBD and low in THC but need to match the patient’s age, 
level of sensitivity to cannabinoids or THC, urine drug testing requirements, body 
mass and other associated symptoms. Several terpenes like caryophyllene may be a 
significant part of the product blend and combine well with hemp phytocannabi-
noids to complement the effects on both anxiety and depression as well as inflam-
matory conditions. These blends may represent variations of the ‘entourage’ that 
enhance effectiveness and reduce adverse effects. This is in stark contrast with 
single- component CBD or isolates that have shown a bell-shaped dose-response 
with a narrow window of effectiveness compared with the linear dose-response of 
biologically derived source (BDS) CBD.

Not only do BDS cannabinoids allow for lower amounts to achieve benefits; they 
also cause reduced adverse effects [157]. For example, in human anxiety studies, 
300 mg to 600 mg of isolate [234] was used to improve symptoms, whereas in a 
case study of 47 patients in a mental health facility, dosages of only 25–175 mg 
were needed to achieve significant improvements of anxiety symptoms in 79% of 
patients within 4 weeks with side benefits of sleep enhancement in 66% [163]. In 
another series of clinical cases with PTSD for which anxiety is a significant symp-
tom, symptom control was achieved with average doses of 33–48 mg of BDS CBD 
within 3 weeks [235].

The notion that CBD in the presence of other plant constituents improves the 
dose-response, is supported by some recent reports showing that CBD in a stan-
dardised cannabis extract is more potent or efficacious than pure CBD, including 
with respect to its anti-proliferative effect on tumour cells and inhibitory effect on 
bladder contractility. The higher efficiency of plant extract might be explained by 
additive or synergistic interactions between CBD and minor phytocannabinoids or 
non-cannabinoids presented in the extracts. Most research has characterised iso-
lated single constituents of traditional herbal medicine. However, our data provides 
legitimation of whole plant extracts in contrast with synthetic drugs. The therapeu-
tic synergy observed with plant extracts results in lower amount, with reduced 
adverse effects [157].

THC has anxiolytic properties, and it also can be anxiogenic in some individuals 
at different doses. THC is a valuable component of the full spectrum cannabis, but 
a high concentration does not appear necessary; lower doses avoid possible adverse 
psychotropic experiences. A good example may be in studies on the drug Sativex®, 
a cannabinoid mouth spray containing THC and CBD (in a ratio of 1.08:1), which 
is marketed for the treatment of neuropathic pain, spasticity and overactive bladder. 
Preliminary clinical studies have not shown this formulation to significantly reduce 
anxiety (in fact, it was reported to induce a mild yet insignificant increase of this 
symptom) [236]. Higher THC content may be appropriate in some situations to 
improve sleep, address pain and reduce the need for larger amounts of CBD since 
higher THC blends tend to allow for decreased amounts of CBD.
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 What Form of Product Should You Use?

The best formulation matches the patients preferred lifestyle and tastes. Capsules 
have a longer duration of action but sublingual tinctures often provide immediate 
relief of acute stressful situations. The treatment plan might include both approaches 
in some patients.

 Dosing Guidelines

Age and body mass are only rough guides for dosing of cannabinoid medicines. 
Generally, 15–30 mg starting doses are appropriate for people weighing 45 kg or 
greater and can be adjusted after the first doses for the effects. Patients aged seven 
years or below should start with ½ usual servings, the same for patients 70 years or 
older. For individuals known to be sensitive to common medications like paracetamol 
or aspirin, treatment should start with single drops of liquid into the mouth or on the 
skin of, for instance, the back of the hand.

The typical response is rapid depending on the route of administration using 
doses in the lower range of 25–50 mg of a CBD-dominant formulation in a twice- 
daily schedule. The sublingual route delivers a response typically within 5 min, 
whereas oral doses may require 60–90  min before calming effects are noted. 
Frequently, if asked, patients will report a general relaxation across the shoulders.

 Titration and Follow-Up

Symptoms of anxiety (and depression) respond very quickly to cannabinoids even 
on the first dose. If possible, have a staff member follow up the day of or day after 
the first doses to guide or review the initial response and begin titration to optimise 
mood and performance or minimise rare adverse symptoms.

Adjust the daily dose or frequency to best fit the patient’s situation. Maintain that 
dose indefinitely or for 1 month and then consider reducing the dose by as much as 
half based on continuing need.

Often, as in the case of PTSD, patients can achieve remission. Others may decide 
that the life-enhancing and transformative benefits of cannabinoids are too valuable 
to suspend and will make cannabinoid a part of their medical nutritional lifestyle.

 Other Tips to Enhance Therapeutic Action

Cannabinoids are best absorbed with food or fatty snack. Studies show that long- 
chain triglycerides enhance absorption into the intestinal lymphatics bypassing 
hepatic first-pass effects providing increased concentrations of 250 times plasma 
levels [237]. This has important implications in those with inflammation needing 
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immune modulation. In fact, cannabinoids ingested with triglycerides achieved 
higher concentrations (micromolar) in the intestinal lymphatics, which could not be 
obtained in general circulation, effectively suppressing inflammatory cytokine- 
expressing T cells [237].

Sleep disorders are common in anxiety and depression. Most patients report 
improved depth and quality of sleep, but a few can feel activated mentally with an 
evening dose. Until the patient has experience using cannabinoid medicines, it is 
advisable that they avoid medium chain trigylcerides (MCT, often used as a carrier 
oil in medicinal cannabis products) within 2 h or more of bed time. Have the patient 
use a smart phone sleep application if they feel they are not getting adequate sleep. 
Often these software programs actually induce deep sleep, of which the patient is 
unaware. Characteristically patients may say they slept very little or not at all, but 
they do not report significant fatigue.

 Drug-Cannabis Interactions

Cannabinoids can interfere with drug metabolism based on the modulation of the 
cytochrome 450 system, specifically the CYP2C and CYP3A classes of isozymes, 
in vitro and in animal models. However, the modulation is relative and dose-related, 
seen only with very large doses of CBD isolate far exceeding customary medicinal 
cannabis treatment. For example, in a study of 13 subjects (aged 4–19 yrs) with epi-
lepsy, concurrent use of clobazam and CBD (Epidiolex, GW Pharmaceuticals) in 
doses of 20 mg/kg to 25 mg/kg of CBD was associated with significant elevations 
in the blood levels of clobazam (incidentally  70% had > 50% reduction in sei-
zures and side effects were found in 77% of subjects which were alleviated with 
clobazam dose reduction) [238]. Other anti-epileptic drugs (17 tested) may increase 
or decrease in conjunction with CBD [239]. However, another report regarding war-
farin and AEDs showed significant increases in INR only at and above isolate CBD 
doses of 10 mg/kg/day (i.e. 700 mg CBD for an average person) [240]. Thus, inter-
actions can occur at high-dose schedules typical in resistant epilepsy using isolate 
products but seldom in BDS CBD.

 Case Studies from Dr. Blair’s Practice

 Case 1 Chronic Anxiety

Mary is a 61-year-old woman with chronic anxiety who has had panic attacks for 
over 10 years, which was controlled with increasing doses of Klonopin. She desires 
to discontinue this drug at the insistance of her healthcare provider. She also has 
mild arthritis and uses NSAIDs for control. She has minimal outside activities and 
very little exercise because of her fear of crowded areas. She is married with two 
grown children who live in other distant states. She smokes one pack of cigarette per 
day. Her diet includes some prepared packaged meals and processed food, and she 
consumes occasional gin and tonic cocktails three times per week.
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Past history excludes trauma or abuse. She has no military experience. She has 
not had any serious infection.

Medications include clonazepam 0.5  mg twice daily, ibuprofen 400  mg three 
times daily, and lisinopril 10 mg per day. She has tried to discontinue clonazepam 
on several occasions but experiences severe anxiety and panic symptoms, with 
sweating, paralysing fear and loose stools.

Regarding cannabis exposure, she reports some experimentation in her early 20s 
that were associated with some anxiety, but otherwise, no other usage. She was 
intrigued about the possible use of non-psychoactive CBD to help her stop or reduce 
her anxiety and allow her to discontinue clonazepam.

Other observations: Physically, her blood pressure is 140/90 mmHg (indicating 
mild hypertension); pulse, 80 bpm; weight, 80 kg; and height, 177 cm. Her knees 
are slightly tender, and she walks with a mild limp to the right side. No swelling or 
leg oedema is present. Cognitively she is clear without indications of depression.

Diagnoses: Panic/anxiety and probable benzodiazepine dependence. Other diag-
noses of relevance are osteoarthritis and mild hypertension.

 Treatment Recommendation
Cannabis extract, full spectrum, low THC/CBD ratio (1:20) 25 mg twice daily with 
option for additional dose with panic episodes.

After controlling residual anxiety and panic symptoms, consider initiating a slow 
tapering (reduction) in clonazepam whilst increasing CBD as needed to control any 
symptoms.

Also recommended: A high-quality multivitamin with trace minerals, omega 3 
fatty acids DHA/EPA (4  gms/day) and slow-release magnesium supplement 
(400 mg per day).

 Clinical Course
The initial 25-mg CBD was highly effective for reducing residual anxiety and 
improving general mood, activity and interest in socialisation. The patient also had 
decreased knee pain and improved sleep.

After 2 weeks, she felt ready to begin a taper of clonazepam (i.e. systematic 
reduction in clonazepam). She was asked to decrease her dosage by approximate 
1/8 per week and use additional cannabis to control any symptoms.

During the first week, she experienced some insomnia and increased anxiety that 
were improved with an additional 25-mg CBD per day. After the second week and 
a decreased dose of clonazepam, her symptoms were too difficult to manage in spite 
of additional CBD, and she returned to the previous drug dose. After 1 week of 
respite, she was able to continue the taper on schedule due to the fact that she had 
confidence in using CBD to control her symptoms as well as greater 
determination.

After total elimination of the clonazepam, she was able to decrease her CBD 
dose to 25 mg twice daily and maintain her well-being. Her blood pressure nor-
malised to 120/80 mmHg, and her pulse remained at 80 bpm. She took up daily 
walking without significant pain in her knees, and she was preparing more meals for 
herself and her husband from fresh food.

Case Studies from Dr. Blair’s Practice
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Many older patients are often prescribed benzodiazepines for anxiety symptoms 
with the assurance that they are not addictive. However, some patients do experi-
ence dependency with difficult and challenging withdrawal symptoms. Tapering 
programs of over 12 months have been suggested and published (see Ho et al. [241] 
and The Ashton Protocol, https://www.benzowarrior.com/tapering- methods). For 
many people with anxiety disorders, low THC cannabis is a better option.

 Case 2 Posttraumatic Stress Disorder with Prominent Anxiety

Dan is a 34-year-old trucking business owner and social worker from California 
with a history of drug abuse as a teenager. He had a sudden episode of panic whilst 
driving his family home from a distant event. This was associated with tingling in 
his hands, arms and body along with palpitations and a feeling that he might faint. 
He recovered after 4  h but continued to have repeated episodes over the next 3 
months. A full clinical evaluation found moderate hypertension, and he was placed 
on losartan (ACEII inhibitor) and diagnosed with panic attacks.

Prior to and during these episodes, his only medication was Zyrtec for seasonal 
allergies, which was discontinued. He denied any illicit drug use, trauma, injuries, 
infections or chemical exposures.

His current symptoms included fear of driving, being overly cautious, anxiety 
and distress related to driving. He had continuous feelings of distress and negative 
thoughts about himself. His blood pressure was marginally controlled on medica-
tions. His sleep was restless. Diet was unremarkable except for being forced to stop 
drinking his favourite drink (coffee).

Past History: His past history included methamphetamine and cocaine abuse and 
addiction as a teenager from the age of 17 to 21 years during which time he was 
homeless and living rough in San Francisco. After seven inpatient rehabilitation 
attempts, he was successful and transitioned to an online college degree and full 
employment, eventually owning his own trucking firm, which he sold 4 years prior 
to these events.

Cannabis History
His first experience with cannabis was at age 10, but he was not a regular user. A 
friend suggested the use of hemp CBD, but because of his past history of addiction, 
he was reluctant to pursue this until now.

Medical Assessment
The patient self-referred for evaluation and guidance for cannabis therapy, seeking 
the assistance of a medical professional other than his general practitioner. On eval-
uation he appeared to have a form of anxiety/panic related to a physiologic event 3 
months prior with continued symptoms. Because of his addiction history and 
knowledge of many current psychotropic therapies as a social worker, he wanted to 
avoid benzodiazepines and any potentially addictive medications.

Physical Examination: His blood pressure was 140/90 mmHg and pulse, 75 bpm. 
He had a BMI of 22 and body weight of 77 kg. He was cognitively clear-minded and 
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emotionally sound. He spoke well without indications of depression. His business 
and personal affairs were in perfect order, including a successful marriage with two 
children.

 Treatment Recommendations
High CBD, low THC cannabis liquid product was recommended for twice daily use 
and as needed for disturbing symptoms. His initial dose of 25 mg provided signifi-
cant relief and calming effect. He was asked to continue this therapy and log several 
clinical parameters on a daily basis. After 1 week his blood pressure normalised, 
and he discontinue his blood pressure medications.

After 1 month he returned to his usual activities, including driving and seeing 
patients as a social worker. He adjusted his cannabis dosing to a single 75 mg at 
night. Two months later whilst vigorously hiking and hunting in Utah, he recog-
nised that his daily cannabis use prevented soreness of extreme unaccustomed phys-
ical exertion. At 4 months he decided to pursue a PhD in psychology and dedicate 
himself to helping others with addiction using non-psychotropic cannabinoids.

 Comments
Although the diagnosis was not clear, a history of a disturbing event powered by major 
physiologic symptoms and a background of adverse childhood (adolescent) experi-
ences suggest a form of PTSD with prominent anxiety. This was associated with 
physiologic blood pressure changes and marginal symptoms of depression. Motivated 
by addiction avoidance, early therapy allowed for rapid resolution and remission. 
Continued therapy is now based on life enhancement qualities rather than continued 
anxiety therapy. Changes in life course towards occupations with a compassionate 
orientation are common in many individuals with resolving anxiety/stress conditions.

 Conclusion

Epidemiological data indicates that anxiety, stress and depression are common con-
ditions for which people self-medicate with cannabis. The ECS is widely distributed 
in those regions of the brain involved in our stress response, emotions, emotional 
memory, reward and anxiety-related behaviours. Research indicates that dysfunc-
tion of the ECS is involved as part of the pathomechanism of anxiety. Preclinical 
research has elucidated how CBD and THC may address some of the underlying 
mechanisms associated with anxiety. Preclinical and clinical research provides sup-
port for the notion that CBD is efficacious in treating anxiety, though much of the 
research is related to acute dosing. More research into chronic dosing, using whole 
plant medicinal cannabis medicines, is needed. Pure CBD appears to have a bell- 
shaped dose-response curve, whilst purified THC appears to have a bimodal action. 
However, whole plant medicines with other phytocannabinoids, terpenes and other 
plant nutrients are likely to act very differently from purified isolates. Nature was 
not stupid, but humans often are. An integrative, multi-disciplinary approach that 
addresses why anxiety is occurring in the first place is likely to be the best approach 
to helping people deal with anxiety.

Conclusion
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Depression

 Introduction

As discussed previously, mental health issues including depression and anxiety are 
some of the top reasons for self-medication with cannabis. A systematic review and 
meta-analysis of empirical studies of patient-reported use of medicinal cannabis for 
pain, anxiety, and depression (13 studies) found that 34.7% cannabis users surveyed 
use medicinal cannabis for relief from depression symptoms whilst 51.7% use it for 
anxiety (and 67.2% for pain) [1]. It is known that depression, anxiety, and pain are 
highly comorbid [2, 3]. Importantly, the history of cannabis use for depression goes 
back five centuries. The use of cannabis to treat depression within the western world 
is found as far back as 1621 in the text Anatomy of Melancholy, authored by Oxford 
scholar Robert Burton, which includes mention of the use of cannabis to treat 
depression [4]. But the clinical evidence in the literature for the use of medicinal 
cannabis for treatment of depression is less robust than for anxiety, for example, and 
inconsistent.

This Chapter
This chapter will examine depression, some of the theories of its pathophysiology, 
and how the endocannabinoid system is involved. It will also examine scientific 
evidence (epidemiological, preclinical, clinical) of whether medicinal cannabis and 
in particular cannabidiol (CBD) and tetrahydrocannabinol (THC) may be effica-
cious or not in treating depression. It will also investigate whether use of cannabis, 
in particular recreational use, might be associated with depression in a causative 
manner. We conclude with two case studies from Dr. Blair’s practice including dos-
ing tips for clinicians.

We will focus mostly on major depressive disorder (MDD) though we will pres-
ent some information in relation to bipolar disorder which, in general, has less sci-
entific evidence associated with medicinal cannabis use than MDD.
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 What Is Depression?

According to the Mayo Clinic, depression (also called major depressive disorder or 
clinical depression) is a mood disorder that causes a persistent feeling of sadness 
and loss of interest, which affects how one feels, thinks, and behaves and can lead 
to many emotional and physical problems. Depression can negatively impact on 
daily activities including work, school, and relationships [5].

Major depressive disorder (MDD) is characterized by depressed mood epi-
sodes that last for more than 2 weeks, which may often be associated with feelings 
of low self-esteem, guilt, and worthlessness and high anxiety. There may also be 
impaired sleep, memory, appetite, and suicidal thoughts [6]. Some other signs and 
symptoms include: feelings of sadness, emptiness, or hopelessness; irritability, 
frustration, or outbursts of anger; loss of interest or pleasure in normal activities; 
lack of energy; self-blame or fixating on failures; frequent or recurrent thoughts 
of death or suicide, suicide attempts, or suicide; restlessness; lack of appetite and 
weight loss or increased food cravings and weight gain; difficulty thinking and 
concentrating; and unexplained physical problems like headaches or back 
pain [5, 6].

The global prevalence of depression is estimated at 4.4%, with prevalence vary-
ing across regions [7]. For example, prevalence in males in the Western Pacific 
Region is 2.6%, whilst prevalence in females in the African Region is 5.9% [7]. It is 
the leading cause of global disability, affecting more than 322 million people world-
wide and responsible for 7.5% of all years lived with disability [7]. It affects more 
women than men and can lead to suicide [7].

Bipolar disorder (BD), previously called “manic depression,” is associated with 
extreme mood swings that include emotional highs or euphoria where the person 
may feel full of energy or unusually irritable (mania, hypermania) and lows (depres-
sion). These mood swings which can occur on rare occasion or several times a year 
can affect the ability to think clearly and can affect sleep, energy, activity, behavior, 
and judgment [5]. There may be shared genetic risk between schizophrenia and 
bipolar disorder [8].

 Comorbidities of Depression

Evidence from epidemiological, cross-sectional, and prospective studies indicate 
that depression, insomnia, and chronic pain are mutually interacting, and each of 
these increases the risk for emergence and/or exacerbation of the other [9]. For 
example, depression is reported in up to 54% of patients seeking treatment for pain 
[2, 10].

Anxiety and depression are also comorbid [3]. Comorbidity is high: an esti-
mated 58% of patients with a MDD have a lifetime anxiety disorder [11], and this 
comorbidity is associated with greater chronicity, slower recovery, increased 
recurrence rates, and greater psychosocial disability, as well as increased use of 
medical services [12]. An estimated 62% of those with generalized anxiety 
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disorder, the most common form of anxiety disorder, were found to have had 
MDD in their lifetime, and 59% have had an episode of depression in the past 
12 months [3, 13, 14].

 Pharmacological Treatment of Depression

Monoamine oxidase inhibitors (MAOIs) and tricyclic antidepressants were two 
classes of antidepressants introduced around the 1950s; however, they were not well 
tolerated and there were toxicity issues. These were largely replaced with selective 
serotonin reuptake inhibitors (SSRIs), norepinephrine reuptake inhibitors (NRIs), 
and serotonin norepinephrine reuptake inhibitors (SNRIs) and atypical antidepres-
sants such as mirtazapine [15]. Circadian rhythm dysregulation contributes to or is 
a sequela of mood disturbance; the melatonergic agonist and 5-HT2C antagonist 
agomelatine has antidepressant activity with a relatively mild side effect profile and 
is another type of pharmaceutical used to treat depression [15, 16].

Problems associated with SSRIs and other antidepressant medications are that 
they can require weeks or months to achieve a therapeutic response, many patients 
are treatment resistant (up to 33%), and compliance is often poor due to side effects 
[17, 18]. Furthermore, SSRIs have been shown to actually cause depression, mania, 
and psychosis and, paradoxically, increase suicide ideation and suicide [19].

 Pathophysiology of Depression

The pathogenesis of depression is complex. The monoamine model of depression 
has been the basis for pharmacological approaches since the 1950s, but this is 
clearly not the whole story as research indicates that the pathogenesis also includes 
immune dysregulation and low-grade inflammation (central, systemic) and that 
there are neurophysiological and neuromorphometric (quantitative neuroanatomical 
changes of the volume, shape, or location) abnormalities [20, 21]. Impaired adult 
hippocampal neurogenesis has also been posited to trigger depression, with restora-
tion of neuron development from neuro stem cells leading to recovery [22]. Other 
factors include HPA axis dysfunction, blunted stress reactivity, NMDA receptor 
involvement, and changes in BDNF levels. We will explore some of the key factors 
involved in pathogenesis and then investigate how the ECS is involved.

 Neuromorphometric Changes in Depression

Depression has been found to be associated with changes in brain morphology. 
Imaging studies have found that the mean gray matter volume is abnormally 
decreased in several brain regions. Here are some of the research findings:

• Reductions in volume in the hippocampus have been found in association 
with depression [23–26] though the direction of causation is not definitively 

Pathophysiology of Depression



198

known with some studies suggesting episodes of MDD lead to reductions in 
hippocampal volume and other studies supporting the role of small hippo-
campal volumes in the etiology of depression [25].

• In patients with MDD and bipolar disorder, reductions in gray matter were found 
in prefrontal cortex (PFC) ventral to the genu of the corpus callosum (subgenual 
anterior cingulate cortex) due to a reduction in number of glial cells [27, 28], and 
decreased brain activity was also found in this region too in both types of depres-
sion [27].

• A meta-analysis found significantly smaller volumes in the prefrontal (especially 
orbitofrontal) and anterior cingulate cortices, as well as in the caudate nucleus 
and putamen in patients with MDD, with the subgenual anterior cingulate and 
orbitofrontal cortices being significantly smaller in antidepressant-free individu-
als compared with those on medication [29]. Another meta-analysis found that in 
comparison to healthy brains, MDD was associated with lateral ventricle enlarge-
ment, larger cerebrospinal fluid volume, and smaller volumes of several brain 
regions including the basal ganglia, thalamus, hippocampus, frontal lobe, orbito-
frontal cortex, and gyrus rectus. In addition, significantly smaller hippocampal 
volumes were found in patients during MDD episodes compared with patients 
during remission [30].

• In patients with bipolar disorder, a meta-analysis of 21 studies (660 bipolar dis-
order patients compared with 770 healthy controls) found that gray matter reduc-
tions occurred in several anterior limbic regions compared with healthy normal 
controls [31].

 Monoamine Theory of Depression

According to the monoamine theory of depression, the basis of depression is a 
depletion in levels of norepinephrine (NE), serotonin, and/or dopamine in the CNS 
[32]. According to this model, these neurotransmitters interact with signaling pro-
teins inside the cell membrane in a manner that allows receiving cells to process 
signals from glutamate and GABA; however, a disruption/depletion of levels of NE, 
serotonin, or dopamine alters the neuronal signaling in particular brain regions asso-
ciated with mood [33]. This theory was supported by findings that antidepressant 
drugs (monoamine oxidase inhibitors, tricyclic antidepressants) which increase lev-
els of these brain neurotransmitters were shown to help alleviate depressive symp-
toms [32]. The rationale was that if chemicals can reverse symptoms of depression, 
then depression must be due to chemical abnormalities in the brain [15].

Unfortunately, research has not found strong evidence of a primary dysfunction 
of a specific monoamine system in people with MDD [34] and the exact role that a 
deficiency in monoamine systems might play in depression is still unknown. 
Depletion of monoamines in depressed patients who don’t take their medication 
does not cause any worsening of symptoms, and in healthy volunteers without 
depressive illness, monoamine depletion doesn’t cause depression [32]. Also, use of 
monoamine-based antidepressants can take weeks to reduce depressive symptoms, 
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something that may indicate neural adaptation occurring downstream is occurring 
[33]. Although the monoamine model of depression is still the predominant model 
(and primary target for pharmacological interventions) [15], other more current fac-
tors appear to be involved.

 Immune System Function, Inflammation, and Depression

Research indicates that the immune function of people with depression is abnormal, 
with chronic activation of the innate immune system occurring [35]. Inflammatory 
cytokines and acute-phase proteins have been found to be elevated in a significant 
proportion of patients with MDD, bipolar disorder, anxiety, and PTSD [36]. The 
endocannabinoid system (ECS) and immune system have separately been associ-
ated with the pathophysiology of depression, and these systems closely regulate 
each other. Dysregulated cross-talk between the ECS and the immune system could 
be implicated in the onset and continuance of depression, though there is a lack of 
studies examining both the ECS and immune system (at the same time) in depres-
sion [20].

 Evidence for Involvement of Immune System and Inflammation 
in Depression
Boorman et  al. [20] and Savitz et  al. [21] summarize current evidence for the 
involvement of the immune system and inflammation in depression, summarized 
below. Key evidence includes the following:

• Associations have been found between diseases of autoimmune or inflammatory 
basis such as multiple sclerosis, diabetes, psoriasis, and cardiovascular disease 
and mood disorders [37–41].
 – In one study of 86 patients with MS, at least 80% showed at least one psychi-

atric symptom, and the most frequent were depression (59%), sleep distur-
bance (48%), emotional lability or irritability (42%), and apathy (31%) [39].

 – In a study of psoriasis, those psoriasis patients with depression were 37% 
more likely to develop psoriatic arthritis than those without [42].

 – A study found that patients diagnosed with MDD had a 32% higher risk of 
psoriasis than those without [37].

 – A systematic review found that depression was an independent risk factor for 
onset of a variety of CVDs and that MDD was the most important risk factor 
for developing CVD [41].

• Studies including meta-analyses have found increased levels of inflammatory 
markers (including IL-6, IL-1, TNF-α, C-reactive protein) in peripheral blood, 
serum, plasma, and cerebrospinal fluid of people with depression, compared 
with healthy individuals, with severity of symptoms in clinically depressed peo-
ple were directly associated with levels of proinflammatory cytokines [43].

• Depressed people demonstrate increased production of neurotoxic kynurenine 
metabolites such as quinolinic acid, an agonist of N-methyl-D-aspartate 
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receptors which is believed to mediate the transition from sickness to depres-
sion [44].

• Interferon (IFN-α), used to treat hepatitis C, has been found to cause depression 
[45] with figures suggesting that 30% of chronic hepatitis C patients treated with 
IFN-α develop depression [46].

• Healthy individuals given endotoxin were found to develop depression [47]; 
typhoid injections were found to increase IL-6 and significantly reduce mood in 
healthy volunteers compare with placebo. Inflammation-associated mood dete-
rioration was found to correlate with enhanced activity in the subgenual anterior 
cingulate gyrus (sACC, area of brain implicated in depression etiology) during 
an emotional face processing task, as well as correlated with reduced connectiv-
ity of the sACC to the amygdala, medial prefrontal cortex, nucleus accumbens, 
and superior temporal sulcus, modulated by peripheral IL-6 [48].

• Several anti-inflammatory drugs have been found to be effective in reducing 
symptoms of depression (e.g., aspirin, celecoxib) [49], and many antidepressants 
have anti-inflammatory effects and modulate cytokine production (e.g., tricyclic 
antidepressants, SSRIs); serotonin-noradrenalin antidepressants have also been 
found to inhibit production and/or release of proinflammatory cytokines and 
stimulate the production of anti-inflammatory cytokines [50].

Although there is evidence of an association between depression and systemic 
inflammation, including raised blood levels of inflammatory cytokines in some indi-
viduals with depression, it is not known if this is the cause or effect of depres-
sion [51].

 Possible Link Between Immune System Activity and 
Depression Pathogenesis
Activation of indoleamine-2,3-dioxygenase (IDO) enzyme activity may be a link 
between the immune system activity and pathogenesis of depression, described by 
Jenny et al. [52]. They explain that IDO-mediated degradation of tryptophan is part 
of the antimicrobial and antiproliferative immune response and it is also part of the 
process by which serotonin is produced (tryptophan is the precursor for the biosyn-
thesis of serotonin, 5HT). Disturbance of serotonergic activity plays a role in neuro-
psychiatric disorders such as depression. In human macrophages, T-cell-derived 
IFN-γ also involves stimulation of IDO, converting tryptophan to an intermediate 
which is finally converted to kynurenine, thereby limiting the availability of trypto-
phan in the circulation. This limitation of tryptophan in the circulation inhibits pro-
tein synthesis and thereby the growth of bacteria, viruses, parasites, and highly 
proliferating tumor cells, and it suppresses T-cell responsiveness. There have been 
associations found between accelerated tryptophan degradation and blood levels of 
IFN-γ and neopterin in some diseases associated with an activated cell-mediated 
response (e.g., cancer, autoimmune conditions), and lower levels of tryptophan have 
been found to be associated with increased risk of depression in patients with cancer 
(known to be underpinned by inflammation) or being treated with proinflammatory 
cytokines [52].
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 CNS Inflammation
Studies suggest central nervous system (CNS) inflammation and oxidative stress are 
also involved in the pathogenesis of depression [20, 53]. Inflammation and oxida-
tive stress are key contributors to the “neuroprogression” seen in MDD, evidenced 
by increased inflammatory and oxidative stress biomarkers [53]. CNS neuroinflam-
mation may lead to alterations in neurotransmitter metabolism and neuroendocrine 
function that typically occur in depression [53]. Microglia play roles in initiation 
and maintenance of neuroinflammation as well as have repair and neuroprotective 
functions, with activation of microglia being on a continuum between proinflamma-
tory (M1) and anti-inflammatory (M2) [51]. In the CNS, microglial activation is 
thought to play a role in depression, supported by findings that animal models of 
depression have demonstrated altered expression of microglial activation markers 
and time-dependent fluctuations in concentration of microglia in brain areas associ-
ated with regulation of mood [20]. Further support comes from findings of signifi-
cant microgliosis in brains of suicide victims at post-mortem [20, 54], with various 
studies finding such changes associated with particular brain regions [54].

In addition, in studies of suicide ideation, there appears to be an association 
between the tryptophan-kynurenine pathway and suicide, with higher reports of 
plasma tryptophan and kynurenine in MDD patients with suicide attempts com-
pared with MDD patients without suicide attempts [54].

However, it is worth noting that not all studies have confirmed that neuroinflam-
mation is associated with depression, as demonstrated by one study which used PET 
imaging and found that individuals with mild-moderate depression do not show 
evidence of neuroinflammation as measured by level of neuroinflammation marker 
translocator protein compared with those without depression [51].

 Malfunction of Lymphatic Vessels in the CNS Could Be Involved 
in Depression

Functional lymphatic vessels have been found lining the dural sinuses, which can 
carry fluid and immune cells from the cerebrospinal fluid and are connected to the 
deep cervical lymph nodes [55]. Malfunction of these lymphatic vessels may be 
involved in several neurological disorders in which altered immunity is a key factor, 
like Alzheimer’s disease [55]. It has been speculated that the CNS lymphatic system 
could also be involved in the pathogenesis of depression via neuroinflammation 
[20], though this is yet to be substantiated. Research would be needed to ascertain 
one way or another.

 HPA Axis Dysfunction and Depression

Another popular line of thought, along with the monoamine theory, has been the 
idea that dysfunction of the HPA axis, specifically an overactivity, plays a key role 
in depression [56].
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There is much in the literature to support this theory, including some of the 
following:

• Evidence of hypersecretion of corticotrophin-releasing hormone (CRH): CRH 
immunoreactivity is upregulated in CSF of patients with depression, as well as in 
the locus coeruleus and peripherally (plasma).

• Elevated basal cortisol levels (CSF, blood) have been found in association with 
depression; imaging studies indicate that depression is associated with adrenal 
hypertrophy and more cortisol is produced per molecule of ACTH in depressed 
patients compared with normal controls. Also, diseases like Cushing’s disease 
which are associated with hypercortisolemia display symptoms similar to major 
depressive disorder.

• CRHR-1 receptors are downregulated in the prefrontal cortex of depressed per-
sons (in response to hypersecretion of CRH), and glucocorticoid receptors are 
downregulated in the periphery in depressed people.

• Depressed patients show an attenuation of the normal suppression of CRH activ-
ity shown in those without depression (that is part of the negative feedback loop), 
demonstrated on the dexamethasone suppression test (in non-depressed people, 
the synthetic glucocorticoid dexamethasone activates a negative feedback loop in 
the pituitary gland, hypothalamus, and hippocampus, leading to suppression of 
CRH activity and decrease in HPA axis activity, evidenced by a decrease in cor-
tisol). Depressed patients show a blunting of the CRH-elicited ACTH response 
in the dexamethasone-CRH test (see Hill and Gozalka [57] for individual 
studies).

 Exaggerated and Blunted Autonomic and Neuroendocrine 
Stress Responses

The reactivity hypothesis of Krantz and Manuck [58] suggested that stress causes a 
cascade of events that include an exaggerated autonomic nervous system (ANS) and 
neuroendocrine response which can promote atherosclerosis, and findings of exag-
gerated reactions in patients with depression may help explain how depression is 
associated with increased cardiovascular disease (CVD) risk [59]. Studies have 
found that excess cortisol may induce MDD and basal cortisol levels may be higher 
and the post-awakening surge in cortisol may be elevated in individuals at risk of 
MDD [60]. In a study in caregivers of patients with Alzheimer’s disease, those with 
depressive symptoms had higher levels of plasma norepinephrine in response to a 
psychological stressor than those with lower depression levels [61].

However, there is both evidence of an exaggerated and a blunted stress response 
associated with MDD [59, 61, 62]. Blunted reactivity to stress has been demon-
strated in people with MDD demonstrated by lower heart rate, systolic blood pres-
sure, and cardiac output reactivity [63], and impaired recovery is also demonstrated, 
with a meta-analysis finding that the blunted recovery pattern was more pronounced 
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in more severely depressed patients and in older people [64]. Other studies have 
demonstrated blunted cortisol reactivity in association with depression [65], and 
blunted heart rate response profiles have been found to be associated with worsen-
ing of depressive symptoms [66], this last study suggesting this blunted response 
pattern is not just a result of depression [59]. A study in Vietnam War veterans found 
that individuals with MDD and those with comorbid MDD and generalized anxiety 
disorder (GAD) had lower basal cortisol levels than those with GAD alone or no 
diagnosis [62]. Depressed individuals were found to have blunted reactivity com-
pared to depressed individuals in remission [67]. Reactivity is often associated with 
an upregulation of immunity, but blunted reactivity may be associated with a down-
regulation and compromised ability to fight infection [68].

It would appear difficult to reconcile how depression might be associated with 
both an exaggerated and a blunted stress response; however, the blunted reactions 
might occur at a later time, as a result of adaptation to environmental stress [59]. We 
find other diseases such as diabetes which show an analogous pattern, i.e., there are 
high insulin levels initially in diabetes, but as the disease progresses over many 
years, insulin levels decline as beta cell de-differentiation occurs [69].There are 
other moderating factors in how an individual responds though, and it may be pos-
sible that the ECS signaling is involved in directing whether an exaggerated or 
blunted response occurs. We can only hypothesize at this point.

 Genetic Abnormalities in Depression and a Link 
with Inflammation

There appears to be a genetic predisposition to development of depression and 
mood disorders. For example, a study analyzed peripheral blood mononuclear cells 
and found that 12 protein coding genes were differentially expressed between 29 
unmedicated people with depression (8 with bipolar, 21 with major depressive dis-
order) and 24 healthy controls, with many of them implicated in neurological disor-
ders and/or apoptosis. They found two major gene networks, one of which centered 
around TNF with NFKβ, TGFβ, and ERK connections, whilst the other featured cell 
cycle and/or kinase signaling abnormalities. Functional MRI scanning was con-
ducted while participants viewed images of faces displaying different emotions: 
those with depression demonstrated a greater hemodynamic response in the right 
amygdala, left hippocampus, and ventromedial prefrontal cortex to sad faces com-
pared with happy faces than healthy controls. mRNA levels of particular genes were 
significantly correlated with the hemodynamic responses in the amygdala, hippo-
campus, and ventromedial PFC to sad compared with happy faces, and these dif-
ferentially expressed gene transcripts correlated significantly with volume of the 
hippocampus and caudate and the thickness of the left subgenual ACC. This sug-
gests a potential mechanism by which inflammation can lead to depression [21].

Other studies have linked various genetic variations with bipolar disorder [70, 71].
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 Neuroplasticity in Depression

The neuroplasticity hypothesis of MDD posits that dysfunction of neural plasticity 
is the key mechanism underpinning depression. Stress, pain, and cognitive impair-
ment can lead to both depression and neural plasticity changes [24, 72]. Most stud-
ies suggest that depression and dysregulated neural plasticity influence each other; 
however, there is no consensus as to which comes first [73].

The effects of depression on neural plasticity are complex and involve many 
parts of the brain including the hippocampus, PFC, and amygdala and many signal-
ing pathways including NMDA, glutamate, and glucocorticoids [24].

Studies suggest that impairment of synaptic plasticity (neurogenesis, axon 
branching, dendritogenesis, and synaptogenesis) in key areas of the CNS, espe-
cially the hippocampus, is involved in the pathophysiology of depression and that 
altered neural plasticity may be associated with alterations in neurotrophic factors 
such as brain-derived neurotrophic factor (BDNF) [72]. Environmental stressors 
trigger the HPA axis, exposing the brain to corticosteroids, and this can strongly 
downregulate hippocampal neurogenesis [72]. Let’s look at some key areas that 
may be involved.

 Altered Synaptic Plasticity in the Hippocampus
There is substantial evidence to support the idea that depression involves alterations 
to plasticity, in particular, in the hippocampus, and this region has been well studied. 
We have already discussed some of the studies earlier in this chapter which indi-
cated volumetric changes in the hippocampus in association with MDD. Part of the 
limbic system, it has a high degree of connectivity to the emotion-related brain 
regions of PFC and amygdala, it contains high levels of glucocorticoid receptors 
and glutamate, and it regulates the HPA axis [24], making it particularly susceptible 
to stress and depression [24].

Animal research supports the link between depression and altered hippocampal 
synaptic plasticity. For example, in animal models of depression, chronic and severe 
stress were found to impair hippocampus-dependent memory, an effect explained 
by changes in hippocampal synaptic plasticity [24]. In other studies, stress has been 
found to impair activity-dependent persistent increases in synaptic efficacy and 
increase persistent decreases in synaptic efficacy in the hippocampus of rats [74]. 
Stress can also decrease dendritic branching and plasticity in the hippocampus, as 
well as trigger activation of the HPA axis, increased corticosteroids, and downregu-
lation of hippocampal neurogenesis [24].

Changes in synaptic plasticity caused by depression have been found to be asso-
ciated with hippocampus structural and functional changes [24]. As discussed pre-
viously, there is evidence that depression is associated with reduced volume in the 
hippocampus, as well as the PFC [23–26, 30], and this may also be due to atrophy 
of neurons and glia in depression [24]. Animal and human studies demonstrate a 
reduction in total volume of neurons and loss of neurons in stress and depression in 
adult hippocampi which can be reversed with chronic antidepressant treatment [75]. 
A bidirectional relationship between depression and hippocampal apoptosis has 
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also been demonstrated (in rodent, other mammal, and human studies), i.e., depres-
sion can induce hippocampal apoptosis, and hippocampal apoptosis can lead to 
depression [24].

 Changes in Synaptic Plasticity in the Prefrontal Cortex and Amygdala
Changes in synaptic plasticity in depression have also been found in the other areas 
of the limbic system, the PFC, and the amygdala. Depression and stress appear to 
increase synaptic plasticity in the amygdala, in contrast to what occurs in the hip-
pocampus and PFC. In depression, fMRI studies have found hyperactivity in the 
ventromedial PFC and hypoactivity in the dorsolateral PFC, and the opposite was 
found in the recovery from depression in response to medications or psychotherapy 
[24]. Other brain regions involved in depression include the ventral striatum (reward 
center). Hypothalamus-hypothalamic synaptic plasticity in depression may be due 
to increased mRNA expression of synapsin 1 which can contribute to HPA axis 
hyperactivity and depression-like behaviors in rat models (see Liu et al. [24] for 
studies).

 Bidirectional Relationship Between Depression and Altered 
Neural Plasticity
Despite the large number of studies implicating a correlation between depression 
and altered neural plasticity and some of the mechanisms involved, the neurobio-
logical mechanisms are still not well understood [24]. There is evidence of a bidi-
rectional relationship between depression and neuroplasticity, i.e., that depression 
might lead to changes in neural plasticity and conversely that changes in neural 
plasticity, e.g., due to stress, contribute to the initiation and development of depres-
sion [24]. The fact that many treatments for depression, including antidepressant 
medications, appear to exert their effects in ways associated with neural plasticity 
also lends support to the neuroplasticity model [24]. For a good discussion on this 
theory, see Liu et al. [24].

 Reduced Brain-Derived Neurotrophic Factor Levels and Depression
As discussed above, it has been proposed that MDD is associated with disruption 
of neuronal plasticity [24]. Neuronal plasticity involves various neurotrophic fac-
tors, including one called brain-derived neurotrophic factor (BDNF), and this may 
play an important part in neuronal plasticity, including recovery from depressed 
mood [72, 75]. BDNF is found in the brain and, peripherally, in human serum and 
plasma and is involved in modulation of neuronal networks [75]. BDNF binds and 
activates tropomyosin-related kinase B (TrkB) receptors, leading to several intra-
cellular signaling cascades, including those regulated by mammalian target of 
rapamycin complex 1 (mTORC1), which causes fast protein synthesis and synap-
togenesis [18].

Stress and depression have been shown to reduce BDNF levels and expression of 
its receptor TrkB in the hippocampus and PFC [18], including in animal models of 
depression and in humans with MDD [75]. In animal studies, reductions in BDNF 
expression or activity in the hippocampus induced by stress were shown to be 

Pathophysiology of Depression



206

prevented by antidepressants [75]. Similarly, clinical studies also demonstrated 
reduced serum or plasma BDNF levels in untreated MDD patients and restoration 
of BDNF function as a result of antidepressant treatment [75]. Antidepressants have 
been found to promote BDNF activity and neuronal plasticity including neurogen-
esis, synaptogenesis, and maturation of neurons [75].

 Neurogenic Theory of Depression

In humans, approximately 700 newborn granule cells are added each day within the 
adult hippocampal dentate gyrus. Another model of depression is the neurogenic 
theory of depression, first formally posed in 2000 [22]. It posits that impaired adult 
hippocampal neurogenesis (AHN) triggers depression, and the restoration of func-
tion leads to recovery from depression [22]. This neurogenic theory has been 
extended to include anxiety [22].

Although still speculative, this theory finds support in several findings including 
the following:

• Adult hippocampus neurogenesis has been found to be impaired in many animal 
models of depression (and anxiety) and social stress models in primates.

• Antidepressants can boost adult hippocampus neurogenesis in animal models 
when the animals are stressed.

• Patients with depression (and anxiety) have smaller dentate gyrus (found on MRI 
and on post-mortem), suggestive of impaired AHN.

• Depressed patients on medication have a greater number of total dentate granule 
cells and dentate gyrus size compared to non-medicated patients on post-mor-
tem, though studies of postmortem human brains measure AHN indirectly and 
find inconsistent effects of antidepressants.

• Increased glucocorticoids can trigger depression and impair AHD [20, 22].

However, impairment of adult hippocampus neurogenesis is only one of several 
structural changes in the hippocampus found to correlate with depression as well as 
anxiety, and it is not clear if the relationship is causal or simply an indicator of gen-
eral gyrus dysfunction [22]. This theory requires greater research.

 The Glutaminergic System, N-Methyl D-Aspartate (NDMA), 
and Depression

Glutamate is a major excitatory neurotransmitter, and evidence evidence has linked 
the glutaminergic system and MDD and bipolar disorder. NMDA receptors are a 
subtype of glutamate receptors, and alterations in NMDA receptor signaling are 
also thought to play an important role in the pathogenesis of depression and other 
mood disorders [33, 76]. For example, both these illnesses have been found to be 
associated with changes in levels of glutamate and abnormal N-methyl-D-aspartate 
(NDMA) receptor gene expression/concentration/function [33]. Pharmaceuticals 
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that modulate NMDA receptors, for example, ketamine (non-competitive NMDA 
receptor antagonist), have shown positive effects in patients suffering both these 
disorders [76]. Also, conventional antidepressants have been shown to be able to 
modulate NMDA function [33].

Several studies have found raised glutamate levels in peripheral serum, plasma or 
blood (e.g., [77, 78]) and cerebrospinal fluid [79] associated with MDD, and others 
(using MRI or other scanning technology) have found reduced glutamate/glutamine 
levels in several of the brain regions associated with processing of moods and emo-
tions including the hippocampus, amygdala, PFC, anterior cingulate cortex (and 
others) [33, 78, 80]. Research has also demonstrated reduced levels of major brain 
inhibitory neurotransmitter γ-aminobutyric acid (GABA) in the prefrontal brain 
region [80]. It has been thought that the significant reduction in perineuronal oligo-
dendrocytes in the PFC of those suffering MDD and bipolar disorder might explain 
the relationship between the glutaminergic system and disorders of mood [33, 81]. 
The argument is that oligodendrocytes in the PFC express glutamine synthetase 
required to metabolize glutamate and if the numbers of these cells are reduced, this 
could result in excitotoxicity [33].

Several lines of evidence suggest NMDA involvement in MDD and bipolar dis-
order including changes found in NMDA receptor functioning, expression and pro-
tein levels in various brain regions in patients suffering these illnesses and single 
nucleotide polymorphisms (SNPs) in the NMDA receptor subunit genes [33].

 Disturbances of Serotonin in Depression

Disturbance of serotonergic activity has been shown to play a role in neuropsychi-
atric disorders including mood disorders and depression. The essential amino acid 
tryptophan is a precursor for serotonin production [52]. As Jenny et al. [52] explain, 
accelerated tryptophan degradation is found in many patients with chronic inflam-
matory conditions, and patients with chronic inflammation have an increased sus-
ceptibility to depression, which suggests that cytokine-induced indoleamine 
2,3-dioxygenase (IDO) may play a role in psychiatric illness [52].

An association between increased tryptophan degradation and susceptibility to 
depression is found in people with chronic diseases underpinned by inflammation such 
as cancer [82] and those undergoing INF-α therapy (which is proinflammatory) [83]. 
Therefore, Jenny et al. [52] argue, it is possible that in inflammatory conditions, activa-
tion of IDO (which breaks down tryptophan and thereby limits serotonin biosynthesis) 
could be the link between the immune system and pathogenesis of depression.

 Serotonin-Kynurenine Hypothesis of Depression and the Link 
to Inflammation
The serotonin-kynurenine hypothesis of depression links the serotonin theory of 
depression to common inflammatory disorders, integrating stress, inflammation, the 
kynurenine pathway, serotonergic neurotransmission and glutaminergic 
transmission.
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There are two metabolic pathways of tryptophan:

 1. Methoxyindole pathway (5% of tryptophan metabolism): tryptophan is metab-
olized by enzyme tryptophan hydroxylase to produce serotonin, which is a sub-
strate for production of N-acetylserotonin (NAS) which then forms melatonin.

 2. Kynurenine pathway (95% of tryptophan metabolism): tryptophan is broken 
down by enzymes indoleamine 2,3-dioxygenase (IDO) and tryptophan 2,3-diox-
ygenase (TDO) to kynurenines and their metabolites [84].

IDO inhibits metabolism in several systems within mammals including repro-
duction, viruses, stem cells, and the nervous system, and there are actually two IDO 
enzymes, IDO1 (about which much more is known) and IDO2 (the physiological 
role of which remains unclear) [52].

First proposed last century by Prof. IP Lapin, the serotonin-kynurenine theory of 
depression suggested that in depression, the cortisol-inducible activation of the 
enzyme TDO (located in the liver) diverts tryptophan away from producing sero-
tonin and toward kynurenine production, thereby causing a serotonin deficiency. He 
discovered that kynurenine and its metabolites affect brain function and proposed 
that neurokynurenines were involved in the pathogenesis of depression [85]. It is 
now known that there is another rate-limiting enzyme involved in the kynurenine 
pathway of tryptophan metabolism, IDO.

As explained by Oxenkrug and colleagues [85], upregulation of the tryptophan-
kynurenine pathway increases serotonin deficiency, and this then impacts on forma-
tion of NAS and melatonin (via the methoxyindole pathway of tryptophan 
metabolism). Kynurenine is further broken down via two pathways: the kynurenine 
(KYR)-kynurenic acid (KYNA) pathway and KYR-nicotinamide adenine dinucleo-
tide (NAD) pathway. The KYR-NAD pathway metabolites include NMDA agonists 
(quinolinic acid, picolinic acid) and free radical generators, and increased NMDA 
agonist formation has been associated with hyperglutamatergic status which may be 
associated with depression [86]. KYNA may be involved in cross-talk between 
melatonin and kynurenine pathways and may contribute to cognitive impairment in 
depression, dementia, and other illnesses [85].

According to Oxenkrug and colleagues [85], upregulation of the kynurenine 
pathway is believed to underpin several mental health conditions including depres-
sion-associated anxiety, psychosis, and cognitive decline. Stress hormones can 
induce TDO, and proinflammatory cytokines can induce IDO activation. This 
upregulation of the kynurenine pathway, then, links depression with conditions 
associated with chronic inflammation including CVD, obesity, diabetes, psychiatric 
disorders (e.g., vascular cognitive impairment), HCV, and psoriasis and conditions 
associated with aging. Genetic and hormonal factors regulate the kynurenine path-
way, suggesting that this pathway mediates genetic and environmental mechanisms 
of depression [85].

The intricacies of this theory have been expanded somewhat by Ramirez et al. 
[87]. They state that the “serotonergic and immunological hypothesis of depres-
sion” proposes that certain types of stress, e.g., infection or psychological stress, 
activate toll-like receptors (e.g., TLF-4), NF-kB, the inflammasome NLRP3, and 
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secretion of IL-1β, IL-6, and other factors of the innate immune response, which 
then cause general symptoms of inflammation which are also characteristic of 
depressive illness (e.g., dysphoria, anhedonia). If the stimulus continues or recurs 
within 24 h, IDO is activated which then triggers the kynurenine metabolic pathway, 
leading to decreased serotonin synthesis and increased synthesis of quinolinic acid. 
Quinolinic acid then activates NDMA receptors in the CNS, stimulating release of 
proinflammatory mediators including IL-6 and IL-1β and causing hyperactivity of 
the HPA axis including cortisol, thereby reinforcing the kynurenine metabolic path-
way (and therefore production of quinolinic acid and reducing serotonin synthesis) 
and thereby reinforcing depression [87].

Biosynthesis of IDO1 and the kynurenine pathway of tryptophan metabolism 
may be a new target for prevention and treatment of depression as well as neurode-
generative diseases (e.g., Alzheimer’s disease, Huntington’s disease) since trypto-
phan degradation has been linked to the onset of these [85, 88].

As we will see later, some of the active constituents of cannabis may impact on 
one of the enzymes involved in the kynurenine pathway of tryptophan metabolism.

 Multi-receptor Involvement

Perhaps not surprisingly, there are a number of receptors or ligands that appear to be 
involved in the pathophysiology of depression. In addition to 5HT1A receptors and 
cannabinoid receptors (discussed in the next section), other receptors include 
PPARγ, GABAA, TRPV1 and mu-opioid receptors. Research into these has demon-
strated involvement in antidepressant effects [89]. A full discussion of this is beyond 
the scope of this book, and readers are thus referred to other sources, such as [89], 
for more detail.

 The Endocannabinoid System in Depression

The endocannabinoid system (ECS) is well-known to be involved in regulation of 
mood and depression, as well as modulation of the CNS serotonergic system [52]. 
The notion of its involvement in mood and emotional behavior, including depres-
sion, finds its basis in observations of the effects that cannabis has on mood [34, 90]. 
As we know, cannabis has been used by humans throughout history for its mood-
elevating or euphoric effects, the euphoria associated with tetrahydrocannabinol 
(THC) in particular [90, 91]. The argument is that given the euphoric effects of 
cannabis are mediated via CB1 receptor activation, this suggests that (endogenous) 
promotion of CB1 receptor signaling can facilitate positive effects on mood and 
may exert antidepressant effects [90]. The extension of this is that disruption of can-
nabinoid receptor signaling in some way may be involved in the pathogenesis of 
mood disorders, like depression.

There is much evidence to implicate the involvement of the ECS in the patho-
physiology of depression: (1) there is an anatomical basis; (2) studies in which 
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cannabinoid receptors are manipulated indicate involvement; (3) there is evidence 
of imbalance of the ECS in depression; (4) polymorphisms in genes for CB1 recep-
tors and FAAH may be associated with depression and mood disorders; (5) many 
antidepressants appear to be able to alter the ECS; (6) there appears to be cross-talk 
between the immune system and the ECS occurring in depression; (7) the ECS may 
play a part in the neurogenesis model of depression; and (8) research links ECS 
activity and underlying pathomechanisms in depression (many of which are 
described in Gorzalka and Hill [34]). We will look at each one of these briefly.

 Anatomical Basis

Endocannabinoid receptors, both CB1 and CB2 receptors, are distributed in those 
brain areas involved in the stress response and regulation of mood, emotional 
reward, and cognition, and these regions are often reported to be altered in those 
with MDD [34, 92]. These include the corticolimbic area (PFC, hippocampus, 
amygdala), the hypothalamus, and the cerebellum [15].

In the brain, CB1 receptors highly concentrated in the basal ganglia, frontal cor-
tex, hippocampus, and cerebellum. They are also present in other areas such as the 
periaqueductal gray (PAG), amygdala, nucleus accumbens, thalamus, and medulla 
(moderate-low concentration). CB1 receptors are also found in non-neural cells 
such as microglia, astrocytes, and oligodendrites [15]. We also find CB1 receptors 
in the dorsal raphe nucleus (brainstem nucleus located in the midbrain and pons, 
major source of serotonin) and the locus coeruleus (nucleus composed of noradren-
ergic neurons located in the dorsal pontine tegmentum provides the major source of 
noradrenalin/norepinephrine to the cerebrum, brainstem, cerebellum, and spinal 
cord) [15, 93].

Within the cortex, two neuronal subpopulations with opposing actions are the 
(inhibitory) GABAergic interneurons (high CB1 receptor levels) and the (excit-
atory) glutaminergic neurons (relatively low CB1 receptor levels). As argued by 
Micale et al. [15], it is thought that the direct or indirect modulation of the mono-
amine activity or of GABAergic and glutaminergic neurons, respectively, could 
underlie the psychotropic and non-psychotropic effects associated with CB1 recep-
tor activation.

 Interconnection of the ECS and Brain Regions in Mood Regulation
How the various brain regions and the ECS are interconnected in the regulation of 
mood and emotions is quite complex. The following explanation, from Hill et al. 
[90], goes that glutaminergic pyramidal neurons in the PFC (which express CB1 
receptors) send axons to serotonergic (5-HT) neurons and GABAergic interneurons 
in the dorsal raphe nucleus. Activation of both of these increases 5-HT firing and 
release of 5-HT (serotonin). The 5-HT neurons innervate the corticolimbic region of 
the brain involved in depressive symptoms (i.e., amygdala, PFC, hippocampus). 
The hippocampus sends afferents to the pituitary gland which regulates the HPA 
axis, known to be dysregulated in depression. In addition, CB1 receptors are 

6 Depression



211

expressed on noradrenergic neurons in the locus coeruleus and nucleus prepositus 
hypoglossi (whose axons terminate on locus coeruleus noradrenergic neurons). The 
locus coeruleus innervates the dorsal raphe and the corticolimbic regions. Finally, 
dopaminergic neurons in the ventral tegmental area send their axons to the dorsal 
raphe nucleus too [90].

AEA, 2-AG, CB1 receptors, FAAH, and MAGL have been found to be present 
in serotonergic (5-HT) neurons in the dorsal raphe, and in addition to their localiza-
tion in monoaminergic neurons, they are also expressed in glutaminergic (excit-
atory) and GABAergic (inhibitory) neurons throughout the cerebral cortex [90].

CB1 receptor signaling has been found to modulate dorsal raphe 5-HT neuronal 
activity. A rat study demonstrated that the CB1 receptor agonist THC exerted anti-
depressant effects and modulated 5-HT activity through a CB1 receptor-dependent 
mechanism [94].

 Evidence from Animal Studies Manipulating 
Cannabinoid Receptors

Animal research in which cannabinoid receptors and their activity are manipulated 
in some way provide another line of evidence of involvement of the ECS in the 
pathophysiology of depression. We will look at just some of the findings.

 Evidence of CB1 Receptor Involvement in Regulation of Emotions 
and Depression
Involvement of endocannabinoid signaling operating via CB1 receptors in the regu-
lation of moods and emotional behavior finds support in studies investigating what 
happens when the function of CB1 receptors is blocked. Several studies have found 
the genetic and pharmacological blockade of CB1 receptors causes a depression-
like phenotypic state in animal models, including reduced responsiveness of reward 
stimuli, deficits in extinction of aversive memories, higher anxiety, and greater 
stress sensitivity [95–97].

In studies of genetic CB1 receptor knockout mice, the mice have shown depres-
sive-like behavior in several studies utilizing different ways to measure depressive 
behavior, e.g., sensitivity to rewarding stimuli, forced swim test, and tail suspension 
test [97–100]. In one study, for example, CB1 knockout mice demonstrated depres-
sive-like behaviors under conditions of chronic unpredictable stress [101]. The 
depressive phenotype seems to involve several potential mechanisms of action, and 
this is probably consistent with how we understand the ECS to operate. That is, it is 
a neuroregulatory system with effects on many different pathways in the body. Thus, 
if there are deficiencies in one of its key components like the CB1 receptor, this 
might be expected to impact in several different ways. For example, in one study in 
CB1 receptor knockout mice, increased despair was associated with BDNF impair-
ment in the hippocampus [98], and in another, CB1 receptor knockout mice dis-
played hyperactivity of the HPA axis, as indicated by increased corticosterone levels 
after exposure to stress (in comparison with control mice) [97, 102].
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CB1 receptor blockade with the drug rimonabant in rats induced a depressive 
phenotype, and chronic treatment was associated with decreased serotonin levels in 
the frontal cortex; marked reductions in hippocampal cell proliferation, survival, 
and BDNF levels; and elevated proinflammatory cytokines [96]. In humans, 
rimonabant was removed from the market as it caused serious psychiatric side 
effects including increased depression, anxiety, and suicide [52, 103, 104].

 Evidence of Role of Adipocyte CB1 Receptors in Depression
Obesity is underpinned by inflammation, and it is associated with depression [105]. 
In a study in obese rats compared with normal rats, genetic knockout of the adipo-
cyte CB1 receptor was found to alleviate depressive-like behavior, memory deficits, 
neuroinflammation, and impairment of adult neurogenesis, all of which were asso-
ciated with obesity. It also reduced obesity-induced inflammation, gliosis, and 
apoptosis in specific brain regions. Improvements in metabolism (including normal-
ization in insulin resistance and glucose intolerance) were accompanied by normal-
ization of depressive-like behavior, increased adult neurogenesis, and reduced 
inflammation in the hippocampus and hypothalamus [106]. This study supports the 
role of adipocyte-brain cross-talk in which adipocyte-specific CB1 receptors are 
found to be involved in obesity-induced depressive-like behavior, neuroinflamma-
tion, and impaired adult neurogenesis in the hippocampus and hypothalamus [106]. 
The results of this study might seem diametrically opposite to what has been found 
when CB1 receptors are blocked in the CNS.

Earlier we noted that CNS CB1 receptor knockout mice actually showed depres-
sive-like behavior in several studies [97–100]. And CB1 receptor blockade with the 
drug rimonabant in rats induced numerous depressive changes specific to the hip-
pocampus [96]. Yet in the study mentioned in the previous paragraph in obese rats 
[106], peripheral CB1 receptor knockout on adipocytes had the opposite effects—it 
was associated with alleviation of depression and reduced gliosis and therefore neu-
roinflammation. The linking mechanism by which this occurs is not understood—
was this via metabolic effects (e.g., blocking peripheral adipocytes helped normalize 
glucose intolerance and insulin resistance) and if so, how? More research in the 
future will no doubt elucidate more about the crucial role of endocannabinoid sys-
tem in facilitating the cross-talk that mediates such profound physiological and 
behavioral changes.

 CB2 Receptors in Emotion Processing and Depression
CB2 receptors may also play a role in emotion processing and have been implicated 
in anxiety and depression [107]. CB2 receptors are mainly found in the cells, tis-
sues, and organs of the immune system, as well as in inflammatory cells, in glial 
cells, and in some regions of the brain, e.g., the cerebral cortex, hippocampus, 
amygdala, hypothalamus, and cerebellum (though in much lower concentrations 
than CB1 receptors) [15] which we can see are some of the brain regions involved 
in regulation of emotions.

Again, studies in mice where CB2 receptors are manipulated in multiple ways 
provide evidence of CB2 receptor involvement. Several studies reviewed in Marco 
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and colleagues provide support for the contention that CB2 receptors are involved 
in regulation of moods and play a role in normalization of reduced BDNF expres-
sion in mice exposed to chronic unpredictable stress [97]. In one study, mice bred 
to overexpress CB2 receptors showed greater resistance to depression and 
decreased depressive-like behaviors following stressful situations (as demon-
strated in the tail suspension test and novelty-suppressed feeding test) compared 
with normal mice [108]. This depression-resistant endophenotype was associated 
with changes in BDNF levels [108]. You will recall that low levels of BDNF in the 
hippocampus have been associated with depression [109] and are seen as a bio-
chemical marker for depression [97].

Studies in CB2 knockout mice (i.e., lacking CB2 receptors) show increased vul-
nerability to stress and increased depressive-like behavior demonstrated in a range 
of experimental tests [97, 110]. In humans, the Q63R polymorphism in the CB2 
receptor gene has been found to be associated with depression in a Japanese study 
[111], lending further support to the involvement of CB2 receptors in depres-
sion [97].

Other support for CB2 receptor involvement in depression comes from a study in 
rats, where β-caryophyllene, a strong CB2 receptor agonist, was found to reduce 
anxiety and depressive-like behavior, an effect blocked by a CB2 receptor antago-
nist [107]. You will remember that β-caryophyllene is one of the terpenes found in 
the cannabis plant, with antioxidant and other beneficial actions.

CB2 receptors are involved in regulation of pain and inflammation [15], and we 
should remember that part of the pathophysiology of depression involves inflamma-
tion and that depression and pain are very often comorbid.

 Evidence of ECS Imbalance in Depression

There is evidence of imbalance of the ECS in depression with many preclinical 
(animal) and human studies indicating a hypo-function [20, 34]. Gorzalka and Hill 
[34] have argued that loss of endocannabinoid signaling produces physiological and 
behavioral effects characteristic of depression and that if this is blocked in humans, 
this can lead to symptoms of depression and changes in reward sensitivity as well as 
cognitive-emotional processing, findings that are supported by both animal models 
of depression and human studies in those with depression. They hypothesized that a 
deficiency in endocannabinoid signaling can contribute to susceptibility to depres-
sion or development of a depressive episode [34].

A significant body of preclinical evidence has shown that loss of endocannabi-
noid signaling (e.g., by CB1 receptor blockade) can result in phenotypic changes 
that are similar to symptoms of depression in humans (discussed previously). 
Other lines of evidence supporting the notion that an endocannabinoid deficiency 
may underpin depression include findings that stress can downregulate endocan-
nabinoid activity and that some antidepressants can increase endocannabinoid 
activity [57].
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 Preclinical (Animal) Studies Implicating ECS Dysregulation 
in Depression
There is preclinical evidence to support the notion that there is hypo-functioning of 
ECS signaling involved in depression, at the level of receptors and endocannabi-
noids [93]. Some of the research findings are set out in Table 6.1. However, to com-
plicate matters, not all animal models of depression have found decreased levels of 
endocannabinoids or cannabinoid receptors. Some have found increased levels of 
both, depending on the brain region.

Cannabinoid Receptor Changes
In animal models of depression, the effects of experimental stress on CB1 receptor 
density can depend on the brain region studied [93]. Some animal models of depres-
sion have demonstrated a significant increase in CB1 receptor density and binding 
in the PFC and a significant decrease in the ventral striatum, hypothalamus, mid-
brain, and hippocampus [15, 93]. In a rat model of depression involving bilateral 

Table 6.1 Examples of preclinical studies supporting hypo-functioning of ECS in depression

Type of hypoactivity Study findings
CB1R hypoactivity Genetic CB1 receptor knockout mice (i.e., bred without CB1 

receptors) had significantly greater depressive-like behaviors than 
normal mice and can serve as an animal model for investigating 
depression [112]
Mice treated with CB1 receptor antagonist rimonabant exhibited 
increased depressive-like behavior, and chronic treatment produced 
decreases in frontal cortex serotonin levels; marked decreases in 
hippocampal cell proliferation, survival, and BDNF levels; and 
increases in proinflammatory cytokines [113]
Chronic unpredictable stress in mice caused decreased CB1 receptor 
functioning and consequent impairment of endocannabinoid-
mediated signaling in the nucleus accumbens [114]

CB2R hypoactivity or 
decreased receptor 
expression

Mice bred to overexpress CB2 receptors showed greater resistance to 
depression and decreased depressive-like behaviors following 
stressful situations compared with normal mice [108]. This would 
then suggest that underexpression of CB2 receptors could be 
associated with depression
A CB2 receptor agonist (β-caryophyllene) administered to mice 
intraperitoneally lowered depression and anxiety, and this was 
reversed when a CB2 antagonist was used [107]
Reduction in CB2 receptors in the striatum, midbrain, and 
hippocampus is reported in animal models of depression [111]

Deficits in 
endocannabinoids

Significantly reduced AEA levels were found in brain areas 
associated with depression-like behavior, such as the hippocampus, 
hypothalamus, amygdala, and ventral striatum [115]
Reduced levels of 2-AG were found in the hippocampus of rats under 
chronic unpredictable stress conditions though no effect was found in 
the limbic region [116]
FAAH inhibition in mice leads to a reduction in depressive behavior 
[117–119] including depressive behavior induced by neuropathic pain 
[120]
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olfactory bulbectomy, there were upregulation and hyper-functionality of CB1 
receptors in the PFC which are normalized by chronic treatment with an SSRI [94]. 
Chronic unpredictable stress increases CB1 receptor protein and mRNA expression 
in the PFC, though this may be a compensatory effect of reduced endocannabinoid 
signaling in response to decreased AEA in the PFC [115].

A few studies suggest that changes in availability of CB2 receptors may be 
involved in depression too [107, 108, 111]. A study reported that there was a reduc-
tion of CB2 receptors in the striatum, midbrain, and hippocampus in animal models 
of depression [111].

Endocannabinoid Level Changes
Whilst several studies have found significant decreases in AEA levels under differ-
ent stress conditions (e.g., chronic unpredictable stress, restraint stress) [115, 121], 
other studies found no change in AEA levels in various brain regions of rats 
[117, 122].

Several studies of 2-AG levels in animal depression models have found increased 
levels, whilst others have found no change or decreases in levels depending on brain 
region involved (see Micale et  al. [15, 93] for individual studies). The differing 
effects of depression on AEA and 2-AG levels may relate to different functional 
actions of the two main endocannabinoids. See Boorman et al. [20] and Micale et al. 
[15, 93] for good summaries of preclinical research.

Administration of drugs which inhibit endocannabinoid uptake or metabolism and 
CB1 receptor agonists and FAAH inhibitors has been found to induce antidepressant 
effects in animal models [57, 118, 123, 124]. For example, a rat study found that an 
FAAH inhibitor (URB557) and a CB1 receptor agonist reduced depressive-like 
behavior at levels comparable to the tricyclic antidepressant imipramine, effects 
blocked by the CB1 antagonist rimonabant, which suggests that these effects are 
mediated by CB1 receptors [124]. Acute or repeated administration of the same 
FAAH inhibitor was associated with increased firing of serotonergic neurons in the 
dorsal raphe nucleus and of noradrenergic neurons in the nucleus locus coeruleus, 
both effects mediated via CB1 receptors (which were also blocked by rimonabant) [118].

Further evidence that hypo-functioning of the ECS may be involved in depres-
sion is that upregulation/enhancement of endocannabinoid signaling results in anti-
depressant and anxiolytic outcomes, potentially acting in similar ways to 
conventional antidepressants, e.g., by enhancing serotonergic and noradrenergic 
transmission, dampening the stress response via actions on the HPA axis, enhancing 
hippocampal 5-HT1A receptor tonic activity, reducing signaling through the 
5-HT2A receptor, promoting neurogenesis, and increasing cellular plasticity and 
neurotropin expression in the hippocampus [90].

Overall, it seems that hypo-functioning of the ECS is involved in animal models 
of depression [15], or at the very least we can say there is ECS involvement.

 Human Studies: Changes in the ECS in Depression
Several human studies support involvement of the ECS in depression, though results 
are somewhat variable, with some suggesting hypo-functioning and others 
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suggesting hyper-functioning of the ECS. What is not necessarily clear is whether 
hyper- or hypo-functioning is a contributing part of the etiology of depression or a 
reaction to the many changes occurring (the underlying pathomechanisms) in an 
attempt to bring the system back into balance.

Cannabinoid Receptor Changes in Depression in Humans
Some studies suggest an upregulation of CB1 receptors, and others have found a 
decrease in receptor density [93]. For example, CB1 receptors have been found to 
be upregulated in postmortem examinations of brains of depressed individuals 
[125], and in depressed suicide victims, a study found a 24% greater CB1 binding 
site density and greater CB1 receptor protein in the dorsolateral PFC compared with 
controls [126]. Yet, in another study, there was no difference in neuronal CB1 recep-
tor density in patients with bipolar disease or schizophrenia compared with con-
trols, but the density of CB1 receptors was significantly less in gray matter glial 
cells in those with MDD [127].

Rimonabant, the CB1 receptor antagonist drug, was removed from the market 
due to an increase in depressive symptoms and more serious psychiatric events 
including suicides [128], underlining the importance of endocannabinoid signaling 
at CB1 receptors in mood regulation.

Despite a few animal studies suggesting CB2 receptor involvement in regulation 
of depression [107, 108], human research has not yet demonstrated any changes in 
CB2 receptors in people with depression, despite their presence in brain regions 
associated with the stress response [93].

Human Studies of Endocannabinoid Compound Changes in Depression
Similarly, there have been some studies which suggest lower levels and others sug-
gesting higher levels of endocannabinoids are associated with depression. For 
example, a study in women with depression found that basal serum levels of AEA 
and 2-AG were significantly reduced compared with matched controls, suggesting 
a deficiency in peripheral endocannabinoid activity associated with depression 
[129]. Another study found that plasma levels of AEA, palmitoylethanolamide 
(PEA), and oleoylethanolamine (OEA) correlated with depressive symptomatology 
in patients with burning mouth syndrome [130]. However, in alcoholics with depres-
sion, tissue content of AEA and 2-AG in the dorsolateral prefrontal cortex was 
higher compared to alcoholics without depression [131].

Blood Pressure, Endocannabinoids, and Depression
A study found a positive correlation between serum levels of AEA and 2-AG and 
diastolic blood pressure and mean arterial pressure in ambulatory, medication-free 
females suffering depression (compared with age- and ethnicity-matched controls) 
[132]. Interestingly, they found that diastolic blood pressure was positively corre-
lated with 2-AG (but not AEA) in minor depression and with AEA (but not 2-AG) 
in major depression, which suggests there may be a differential role of AEA and 
2-AG in depression [132].
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Study in Women with Minor and Major Depression: Different Findings
In a clinical study of women with minor and major depression compared with con-
trols, serum levels of 2-AG were significantly decreased in those with major depres-
sion, and this reduction in 2-AG was correlated negatively with duration of the 
depressive episode (i.e., the longer the depressive episode, the lower the level of 
2-AG). In contrast, in women with major depression, levels of AEA were not associ-
ated with major depressive symptoms; however, AEA levels were strongly nega-
tively correlated with anxiety (i.e., patients with high anxiety had low serum AEA 
levels) [133]. The opposite was found in women with minor depression: 2-AG lev-
els were nonsignificantly increased and AEA levels were significantly increased 
compared to controls. The study authors posit that this could suggest a neuroprotec-
tive or compensatory mechanism in patients with less severe depressive symptoms, 
that is, the endocannabinoids are acting as a buffer against progression to a more 
severe manifestation of the illness [133].

Brain-Derived Neurotrophic Factor and Endocannabinoid Activity
Exercise has been shown to help reduce depression [134], and increasing BDNF 
may be a potential mechanism by which AEA exerts antidepressant effects [93]. 
Intense exercise increases both circulating AEA and BDNF levels, and these 
increases were found to be correlated at the end of an exercise period and after 
15 min recovery [135]. This suggests that the increase in AEA during exercise may 
be one of the factors involved in the increase in peripheral BDNF levels found to be 
induced by exercise and that increased AEA levels may delay the return of BDNF 
after exercise to their basal levels [135]. We know that BDNF may play an impor-
tant part in neuronal plasticity, including recovery from depressed mood [75].

 Genetic Variations and Depression

Genetic variants of the genes coding for cannabinoid receptors (CNR1-CB1 recep-
tors, CNR2-CB2 receptors) can change the gene transcription and protein expres-
sion, thereby altering the function of the cannabinoid receptors [136]. Human 
studies of genetic polymorphisms suggest genetic differences in the ECS may pre-
dispose individuals to depression, or conversely, bestow resistance [137].

Barrero et al. [138] found a significant association between polymorphisms in 
CNR1 (gene coding for the CB1 receptor) and depression in patients with Parkinson’s 
disease. Other studies suggest that genetic variations in CB1 receptor function and 
FAAH may influence the development of depression and the response to antidepres-
sant medications [139–141]. For example, a study in 256 Caucasian patients with 
major depression found that a CNR1 gene variation (specifically the CNR1 
rs1049353 G allele) conferred an increased risk of antidepressant treatment resis-
tance, in particular in females with high comorbid anxiety. In a subset of 33 patients, 
they also conducted fMRI scans whilst presenting various emotional faces to them 
to measure activity in various parts of the brain. They found that CNR1 rs1049353 
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G allele carriers had weaker bilateral amygdala, putamen, and pallidum activity and 
left lateralized caudate and thalamus activity in response to masked happy faces. 
This study suggests that a variation in the CNR1 gene may play a role in both 
depression and anxiety, and this may be mediated by subcortical hypo-responsive-
ness to social reward stimuli [139].

Another study assessed single nucleotide polymorphisms (SNPs) in CNR1 and 
in the gene coding for FAAH in Caucasian patients with recurrent major depression 
(83 patients) and bipolar disorder (134 patients), compared with 117 healthy indi-
viduals. Patients with major depression had a significantly higher frequency of 
CNR1 1359 G/A gene variants compared with controls. Bipolar and major depres-
sive patients had a nonsignificant and slightly higher frequency of the FAAH gene 
variant (AC phenotype). Overall, it suggests that variations in genes coding for CB1 
receptors and FAAH may contribute to susceptibility to mood disorders [141].

However, the results of associations between genetic variations of CNRs and 
predispositions to depressive disorders have been somewhat contradictory [136]. In 
a recent meta-analysis designed to clarify whether particular genetic variants, spe-
cifically whether CNR1rs1049353, CNR1 AAT triplet repeat, and CNR2rs2501432 
polymorphisms are associated with a greater risk for depressive disorder, it was 
found that the first two had no association with depression susceptibility whilst 
there was a significant association between CNR2rs2501432 and depression [136].

 Antidepressant Drugs Affect the ECS

Preclinical research evidence indicates that many antidepressants can modify CB1 
receptor expression and endocannabinoid levels and signaling in those areas of the 
brain associated with mood and emotion, lending support to the contention that the 
ECS is involved in depression. Various types of antidepressants appear to be able to 
modify the endocannabinoid tone in different ways, depending on the type of drug 
and brain region. CB1 receptor upregulation, at least in some parts of the brain, 
seems to be involved in antidepressant effects of drugs [142]. Agonist trafficking 
may explain the variable responses found in different animal experiments [142].

Here are some results from rat studies:

• Tricyclic antidepressant imipramine decreased CB1 receptor binding in the mid-
brain, hypothalamus, and ventral striatum, but increased CB1 in the amygdala, 
whilst desipramine increased CB1 receptor binding in the hippocampus and 
hypothalamus [115, 143].

• MAO inhibitor tranylcypromine reduced AEA levels (in the prefrontal cortex, 
hippocampus, hypothalamus) whilst increasing CB1 receptor binding and 2-AG 
levels (in prefrontal cortex, hippocampus) [144].

• SSRI fluoxetine increased CB1 binding density in the PFC but had no effect on 
AEA or 2-AG levels in the brain [144]. SSRIs have been found to either increase 
or decrease CB1 receptor binding, depending on the drug and brain region 
involved [93].
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 Cross-Talk Between the Immune System and ECS in Depression

Endocannabinoids are immunomodulators, involved in many signaling pathways, 
and the ECS and the immune system tightly regulate each other’s activities. 
Immunocompetent and endocannabinoid-related cells can influence each other—
they can suppress and enhance each other’s activities in the CNS and peripheral 
nervous system. The ECS and immune systems have individually been implicated 
in the pathogenesis of depression. Now there are studies suggesting these two are 
related and that dysregulation in the cross-talk or communication between the 
immune system and the ECS may be involved in the pathophysiology of depression 
[20]. More studies are needed to further investigate this possibility.

 Endocannabinoid System and the Neurogenesis Model 
of Depression

The adult mammalian brain produces new neurons through the process of adult 
neurogenesis, occurring mainly in the hippocampal dentate gyrus (DG) and subven-
tricular zone (SVZ). There is evidence that both BDNF signaling and CB1/CB2 
receptors independently modulate neurogenesis, but how they interact is not under-
stood [145].

As we saw earlier, according to the neurogenic model of depression, impaired 
adult hippocampal neurogenesis occurs in depression [22]. Evidence that the ECS 
influences hippocampal neurogenesis includes findings that blockade of CB1 recep-
tors resulted in suppression of dentate gyrus progenitor proliferation and reduced 
BDNF in the hippocampus, whilst increased endocannabinoid signaling increased 
BDNF, leading to increased neurogenesis [20, 146]. Other evidence comes from 
findings that CB2 receptors were found to promote neural progenitor cell prolifera-
tion via activation of mTORC1 signaling [147]. This suggests that CB2 receptor 
agonists might be promising targets for manipulation of neural progenitor prolifera-
tion and thereby neurogenesis (and it would avoid the potentially intoxicating 
effects of CB1 receptor activation) [147].

More recent research has demonstrated a close association between the actions 
of BDNF and cannabinoid receptor signaling. BDNF is an important modulator of 
SVZ and DG postnatal neurogenesis, and it has been demonstrated that its actions 
are under the control of cannabinoid receptors, whilst conversely, endogenous 
BDNF is critical for the cannabinoid-mediated effects on neurogenesis in the SVZ 
and DG.  It thus seems that there are interactions between endocannabinoid and 
BDNF signaling which control neurogenesis at different levels. In other words, the 
effect of BDNF on SVZ neuronal differentiation depends on both CB1 and CB2 
receptors, and the effects of CB1 and CB2 receptors are dependent on BDNF [145]. 
Such findings have important implications for many conditions where there is 
impaired neurogenesis (e.g., depression) or in conditions where there has been 
brain injury.
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 Research Linking ECS Activity and Underlying Pathomechanisms 
Occurring in Depression

Several studies serve to link the neuroregulatory activity of the ECS with pathomech-
anisms of mood disorders such as depression. These also add to a growing evidence 
bank of how manipulation of the ECS might be able to assist in depression.

For example, in a recent study, adolescent rats were treated chronically with a 
FAAH inhibitor or a MAGL inhibitor—both reduced depressive-like behavior 
caused by maternal neglect, but only in males, demonstrating a sex difference. Such 
an effect depended on activation of CB1 receptors, and importantly, this was associ-
ated with increased BDNF in the hippocampus [123].

A systematic review of animal models of affective disorders concluded that in 
the presence of sub-chronic stress, CB1 activation can prevent the development of 
depressive-like behavior (as well as anxiety-like behavior), prevent neuroinflamma-
tion, and promote neurogenesis [92]. In an analysis of studies which used an inflam-
matory challenge like lipopolysaccharide (LPS) to induce depressive and 
anxiety-like behavior, animal studies suggest that in the presence of increased 
inflammation, endocannabinoid signaling activation has both an anti-inflammatory 
and antidepressant effect [92, 148, 149].

Here, in this aforementioned review [92], we see evidence linking the neuroregu-
latory role of the ECS, i.e., endocannabinoid signaling via brain CB1 receptors, and 
prevention of key pathomechanisms thought to be involved in depression such as 
impaired neurogenesis and neuroinflammation.

 Summary

It is important to realize that it is likely that many different pathophysiological 
changes are occurring in conditions such as depression. The findings of these vari-
ous research findings and accompanying theories paint a very complex picture. The 
ECS is clearly present within those areas of the brain associated with emotional 
regulation, and there is clear evidence that there is dysregulation of the ECS in 
depression, in many different ways. The ECS is a neuromodulatory cell signaling 
system. It interacts with many other systems within the body, via cross-talk and 
communication with neurons, immune cells, and other types of cells. The actions 
and the dysregulation of the ECS and its components should not be considered in 
isolation from all other systems involved.

If we consider the various pathomechanisms of depression, and we understand 
the interrelationships between the ECS and other systems (e.g., its role in inflamma-
tion via the way in which it influences immune system functioning), we start to 
understand the critical role that the ECS plays in depression. We also begin to appre-
ciate that the pharmaceutical approach that seeks to find the one “magic bullet” and 
one pathway to alter pharmaceutically is likely to be suboptimal at best. Humans are 
complex beings. A reductionist approach to understanding illness as well as health 
is unlikely to be successful.
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 Scientific Evidence: CBD in the Treatment of Depression

CBD has been found to be anxiolytic; however, its potential for treating major 
depression has not been as well studied in humans. There is certainly some preclini-
cal evidence that CBD may reduce depressive-like behaviors, and certainly such 
research has helped elucidate some of the potential mechanisms of action by which 
CBD may work. In contrast, there is limited clinical research of efficacy of CBD in 
treatment of depression at this point in time.

 Preclinical Research into CBD for Treatment of Depression

In preclinical research the “forced swim test” (FST) is often used as a model of 
depression. Mice are placed in a transparent tank of water, and their escape-related 
mobility behavior is measured. The rodents will swim, looking for an escape; how-
ever, when they give up, they will float. In the first 2 min, most mice will swim. In 
the next 4 min, there are likely to be periods of immobility, and the duration of 
immobility occurring in each minute is scored. When the mouse ceases struggling 
and floats while only making enough movements to keep its head above water, it is 
judged to be immobile [150]. It is somewhat depressing even thinking about the 
horror we humans put animals through for our potential benefit, in the name of sci-
ence (there is always karma, however).

 CBD Effects on the Serotonergic System
Several studies suggest that CBD’s antidepressant effects might be mediated via its 
effects on the serotonergic system.

Models of depression, acute or chronic stress, and inescapable aversive stimuli 
often induce both depression- and anxiety-like symptoms and alter autonomic indi-
ces of stress [151]. Many animal studies have shown that CBD can reduce auto-
nomic indices of stress and depression- and anxiety-like behaviors [152–158]. The 
effects of CBD are likely to be 5-HT1A-mediated [152, 158], potentially via enhanc-
ing both serotonergic and glutamate cortical signaling through a 5-HT1A receptor-
dependent mechanism [155].

A study was conducted in rats where CBD, AEA, a 5HT1A agonist, or vehicle 
(control) was injected into the infralimbic and prelimbic subregions of the ventral 
medial prefrontal cortex (areas that receive dense serotonergic innervation and play 
a key role in the stress response) and then they were subjected to the FST or the 
open field test (OFT). Another CBD group were pretreated with either a 5-HT1A 
antagonist or a CB1 antagonist, and a further group was given the 5HT1A antago-
nist and then AEA in order to investigate potential mechanisms of action. CBD 
significantly reduced the immobility time in the FST (with no changes to locomotor 
activity in the OFT), indicating an antidepressant effect. This antidepressant effect 
of CBD was blocked by the CB1 receptor antagonist and the 5-HT1A antagonist 
(the latter also blocked the effect of AEA and the 5-HT1A agonist). The researchers 
concluded that administration of CBD into the ventrolateral PFC induced an 
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antidepressant effect, and the likely mechanism was indirect activation of CB1 and 
5-HT1A receptors [159].

In a mice experiment, CBD at doses of 10 mg/kg, a noradrenergic antidepressant 
desipramine (5  mg/kg), and a serotonergic antidepressant fluoxetine (10  mg/kg) 
induced antidepressant effects in mice subjected to the FST.  Ineffective doses of 
CBD (7 mg/kg) when co-administered with ineffective doses of fluoxetine (5 mg/
kg) or desipramine (2.5 mg/kg) resulted in significant antidepressant-like effects, 
suggesting an additive or synergistic effect. When they pretreated the mice with an 
inhibitor of serotonin synthesis, they found that it eliminated the CBD-induced 
behavioral effects seen in the FST, suggesting that CNS serotonergic mechanisms 
were involved in the antidepressant effect induced by CBD [157].

In an earlier mice study, mice were given CBD at various doses (3, 10, 30, and 
100 mg/kg) or imipramine or “vehicle” (control) and, after 30 min, submitted to the 
FST or to an open field arena. An additional group was given a 5-HT1A antagonist 
prior to receiving 30  mg/kg CBD, and depressive activity was assessed via the 
FST. They also measured the BDNF protein levels in the hippocampus of another 
group of mice given 30  mg/kg CBD, before and after being submitted to the 
FST. They found that 30 mg/kg CBD reduced immobility time in the FST, meaning 
that it decreased depressive-like behavior but did not alter exploratory behavior in 
the open field test. Imipramine also had the same effect. Pretreatment with the 
5-HT1A antagonist blocked the effect of treatment with 30  mg/kg CBD on the 
FST. CBD (30 mg/kg) did not alter BDNF levels in the hippocampi of mice. The 
conclusion was that CBD can induce an antidepressant effect comparable to that of 
imipramine, and the effects were probably mediated through 5-HT1A recep-
tors [158].

In another mice model of depression (olfactory bulbectomy mouse model of 
depression), CBD was shown to promote fast and sustained antidepressant effects, 
evidenced by a reversal of the hyperactivity and anhedonia induced by the olfactory 
bulbectomy. CBD significantly increased serotonin and glutamate levels in the ven-
tromedial PFC, an effect prevented by blockade of the 5-HT1A receptor (this block-
ade also prevented the antidepressant action). The authors concluded that CBD’s 
antidepressant effects are mediated via enhancement of serotonergic and glutamate 
cortical signaling via a 5-HT1A receptor-dependent mechanism [155].

 CBD Reduces IDO-Mediated Degradation of Tryptophan
As discussed previously, the essential amino acid tryptophan is a precursor for sero-
tonin production [52]. We learned earlier about the role of IDO, which can become 
activated by inflammatory cytokines [85]. IDO is one of the two key enzymes medi-
ating the kynurenine pathway, one of the degradation pathways of tryptophan, the 
upregulation of which has been found to be associated with depression [84, 85]. 
Both CBD and THC have been found to suppress IDO-mediated degradation of 
tryptophan, and this may be an additional mechanism by which the anti-depressive 
effects of CBD and THC work, especially in those with diseases underpinned by 
inflammation [52]. We will discuss this again shortly when we explore CBD’s role 
in reducing neuroinflammation.
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 CBD May or May Not Reduce Depressive Symptoms Through 
Hippocampal Neurogenesis
CBD may also reduce depressive symptoms by stimulating hippocampal neuro-
genesis [160, 161]. This is supported by studies showing that repeated administra-
tion of CBD to mice exposed to chronic unpredictable stress reduced depressive- and 
anxiety-like behaviours and stimulated hippocampal progenitor proliferation and 
neurogenesis. These beneficial actions of CBD were prevented by the genetic 
ablation of proliferating progenitor cells. The mechanism whereby CBD stimu-
lates neurogenesis is hypothesised to depend on the elevation of hippocampal 
AEA levels, as overexpression of FAAH inhibits CBD-induced cell prolifera-
tion [160].

Not all studies have found this, however. In a review of the effects of the ECS on 
inflammation and neurogenesis in animal models of affective disorders such as 
depression, two studies reported investigating the effects of CBD on depressive-like 
behavior [92], inflammation, and neurogenesis.

In one study, chronic CBD administration reduced behavioral despair in adult 
and adolescent rats; however, the effect was different in the adolescent rats com-
pared with the adult rats. In adolescent rats, 10 mg/kg dose was effective at reducing 
despair, as observed up to 2 days posttreatment by the forced swim test, but not 
dosages of 3 mg/kg and 30 mg/kg [162]. When they assessed hippocampal neuro-
genesis markers in the adolescent rats, CBD administration at dosages of 3 mg/kg 
and 10 mg/kg was not associated with any changes in cell proliferation or early 
neuronal survival compared with control mice, as measured 2 days posttreatment 
which was the time when the antidepressant effect was noted. At 15 days posttreat-
ment, 10 mg/kg CBD did not alter these markers either in the adolescent rats.

In adult mice, the 30 mg/kg dose (but not 3 mg/kg or 10 mg/kg doses) of CBD 
significantly reduced depressive-like behavior compared with control rats, an effect 
still apparent 21 days after treatment, thus demonstrating a sustained antidepressant 
effect of CBD. In adult rats, no changes were found in proliferation or early neuro-
nal survival markers with CBD administration at 3 mg/kg and 10 mg/kg 2 days 
posttreatment, nor with a dose of 30 mg/kg when measured 28 days posttreatment 
(this was the dose at which the antidepressant effect was observed in the adult rats) 
[162]. Thus, it appears that CBD is not achieving the antidepressant effect by modu-
lating hippocampal neurogenesis in either adolescent or adult rats, despite other 
studies indicating that CBD can induce hippocampal neurogenesis [162–164]. As 
stated by Bis-Humbert et al. [162], CBD may induce its antidepressant effects indi-
rectly via increasing AEA levels (by inhibiting its uptake or metabolism) and/or 
activation of 5-HT1A receptors [34, 155, 162].

Another study also found single and repeated (chronic) CBD administration 
reduced behavioral despair in non-stressed adult mice (it had no effect on anxiety), 
with an effect comparable to imipramine (as measured by the tail suspension test). 
Repeated dosing of 3 mg/kg CBD was associated with increased cell proliferation 
and neurogenesis in the dentate gyrus and SVZ. However, with repeated dosing at 
the higher dose of 30 mg/kg, although the antidepressant effect was still evident, 
this was associated with decreased cell proliferation and neurogenesis in the dentate 
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gyrus and SVZ [165]. This study also seems to indicate that the antidepressant 
effects of CBD occur independent of adult neurogenesis [165].

 CBD May Increase BDNF and Synaptic Plasticity
A study in mice demonstrated the rapid and sustained antidepressant effect of 
CBD. In male rodents, a single dose of CBD dose-dependently induced antidepres-
sant-like effects (7–30 mg/kg) in the FST 30 min (acute) as well as 7 days (sus-
tained) following treatment. In another strain of rats using a different depression 
model (learned helplessness paradigm), similar effects were found. They found that 
the acute antidepressant effects (30  min after treatment) were associated with 
increased levels of BDNF in the medial PFC and the hippocampus, as well as 
increased markers of synaptic plasticity (synaptophysin and PSD95) in the medial 
PFC. The CBD effect was blocked by injection of a TrkB receptor antagonist and an 
mTOR inhibitor. The study concluded that CBD is able to induce fast and sustained 
antidepressant-like effects in different animal models of depression and that this 
action may be associated with rapid changes in synaptic plasticity in the mPFC, 
mediated by activation of the BDNF-Trk signaling pathway [18].

Another study in mice demonstrated that the hippocampal BDNF-TrkB-mTOR 
pathway is critical for the antidepressant-like effects of CBD when administered 
locally, though the study authors acknowledged that other parts of the brain may 
also be involved in the case of systemic administration [166]. Remember that TrkB 
is the receptor for BDNF and reduced BDNF activity has been found in the brains 
of patients with MDD [75].

It is believed that the rapid antidepressant effects associated with acute CBD 
administration involve activation of the BDNF-TrkB-mTOR signaling pathway in 
the mPFC whilst the sustained effect may be associated with enhanced synaptic 
function in the mPFC [18].

 CBD Reduces Neuroinflammation
CBD is known to have anti-inflammatory effects, and as we have seen earlier, 
there is evidence that inflammation is involved in the pathogenesis of depression. 
Despite there being a link between inflammation and depression, there has been 
little research into the link between CBD’s modulation of inflammation and its 
antidepressant effects using inflammatory animal models [167]. However, recently 
one such study has investigated this. A mice neuroinflammatory model was set up 
in which mice were systemically administered with LPS, which induced a depres-
sive-like state, as demonstrated by increased behavioural despair and anhedonia. 
The administration of CBD was found to produce antidepressant-like effects (it 
reduced immobility time in the tail suspension test) and increased sucrose prefer-
ence (in the sucrose preference test, used to measure anhedonia, mice are given a 
choice of water or sucrose solution), and this was associated with a reduction in 
the kynurenine pathway activation as well as reduction in IL-6 levels and NF-ĸB 
activation [167]. The researchers posit that CBD’s antidepressant-like and 
hedonic-like effects on this LPS-induced neuroinflammatory model may be due to 
the reduction of brain IDO activity [167]. You will remember back to the section 
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on pathogenesis of depression where we discussed the serotonin-kynurenine 
hypothesis of depression. The authors of this mice study explain that in animal 
models where neuroinflammation is induced with LPS, as well as in patients with 
depression, the neurotoxic component of the KYN pathway is increased, and the 
neuroprotective pathway is decreased, and this imbalance has been associated 
with depressive-like behaviour. They suggest that restoration of the neurotoxic/
neuroprotective balance may be part of mechanism by which CBD’s antidepres-
sant-like effects may be operating [167].

 Other Targets of CBD
In addition to being a 5-HT1A agonist, CBD is able to modulate several pharmaco-
logical targets that may be involved in depression. CBD is an allosteric modulator 
of CB1 and CB2 receptors (though has low affinity for them), can inhibit AEA 
breakdown (inhibits FAAH) and uptake (thereby facilitating endocannabinoid sig-
naling at CB1 and CB2 receptors and TRPV1), and it can bind directly at PPARϒ 
receptors. Other pharmacological targets of CBD include mu opioid receptors, ade-
nosine, GABAA and others (see [89]).

Research has demonstrated antidepressant effects in relation to CB1 and CB2 
receptor allosteric modulation, AEA uptake inhibition, FAAH inhibition, NF-κB 
inhibition, iNOS inhibition and mu opioid receptors, though mixed results have 
been found in relation to TRPV1 agonism, i.e. both antidepressant and depressant 
effects [89].

Despite the fact that CBD can modulate many pharmacological targets involved 
in the pathophysiology of depression, few have been investigated through in vivo 
research [89].

 CBD in the Treatment of Depression Comorbid with Diabetes
The prevalence rates of depression and anxiety are at least two times higher in dia-
betic patients, increasing morbidity and mortality. A study in rats provides evidence 
that CBD may be useful in treating psychiatric comorbidities of diabetes including 
depression. CBD treatment (only at the higher dose of 30 mg/kg) was found to 
reduce the exaggerated depressive- and anxiogenic-like behaviors of diabetic rats. 
The mechanisms of action may include altered 5-HT, noradrenaline, and dopamine 
levels observed in the PFC and hippocampus [168]. Treatment also induced a sig-
nificant increase in weight gain and the insulin levels (and consequently reduced 
glycemia) in diabetic rats with possible regenerative effect on pancreatic beta cells. 
The authors suggest that CBD has potential to limit both the physiological and neu-
robehavioral deficits in diabetes [168].

 CBDA in Animal Models of Depression
The FST was used in two different genetic animal models of depression. The methyl 
ester of cannabidiolic acid (CBDA) (HU-580) was found (at a dose of 1 mg/kg) to 
reduce immobility and increase swimming in both rat strains compared with con-
trols [169]. You will notice that the treatment dose with CBDA was considerably 
less than that of CBD studies above of 7–30 mg/kg.
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 Human Research: CBD in the Treatment of Depression

There is much less clinical evidence available investigating CBD for treatment of 
depression, and this is clearly an area that could benefit with increased research. 
There are obviously some advantages of CBD over THC-containing medicines, 
should it be shown to be beneficial.

 Case Studies
A case study has been published of an adolescent (16  years old) with multiple 
substance abuse disorder (involving cannabis, MDMA, cocaine, and ecstasy) who 
also suffered severe depression, social anxiety and withdrawal, derealization, 
attention deficit, social phobia, and narcissistic personality disorder. He was using 
THC daily and consumed MDMA, cocaine, and ecstasy once a week. He had a 
history of psychiatric treatment over the past 2 years and had been treated with 
sertraline (100 mg orally once daily for 6 months). Since antidepressant medica-
tions were not successful, he was trialed on CBD (starting at 100 mg, titrating up 
to 600 mg over 3 weeks). CBD was found to be safe and well tolerated. He asked 
to discontinue sertraline after 3 weeks of CBD treatment. After cessation of the 
antidepressant medication and using CBD alone, his symptoms of anxiety and 
depression, as well as simple phobias and symptoms of paranoia and dissociation, 
continued to improve. There was no difference in mood and anxiety symptoms 
after abrupt cessation of the antidepressant medication. He also stopped using ille-
gal drugs including THC without showing withdrawal symptoms [170]. This illus-
trates the possibility that CBD may assist in treatment of people with multiple 
substance abuse who have depression as well as other mental health problems. And 
at least for the SSRI drug class, abrupt discontinuation of antidepressants while 
using CBD may have no adverse effects.

Another case study published more informally on the Internet [171] was of a 
49-year-old woman with depression, anxiety, and binge eating since early adult-
hood, treated with antidepressants previously but not within the last 15 years. She 
used medicinal cannabis oil containing 2.5  mg CBD once daily, increasing to 
twice daily after 2 weeks. She reported a 60–70% reduction in anxiety and depres-
sion symptoms. When she changed product brands, she noted feeling dark and 
depressed, symptoms which were alleviated by returning to the original product. 
She also noted better sleep and daytime energy, and no adverse effects were 
reported [171].

 Cannabis and THC: Evidence of Antidepressant Effects

In this section, we will examine some of the preclinical research into how THC 
might act in depression, as well as some of the research in humans.
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 Preclinical Studies

Early studies began to piece together the mechanisms of action by which THC may 
act as an antidepressant which includes facilitation of effects of norepinephrine, as 
well as implicating effects on dopamine and serotonin transmission. Early studies in 
rats demonstrated that THC enhanced the uptake of several neurotransmitters 
(including dopamine, GABA, norepinephrine, and serotonin) into cortical synapto-
somes, with the greatest effect on GABA and effects being greater in the cortex than 
striatum [172].

Studies of the effects of synthetic cannabinoid agonists [173] and FAAH inhibi-
tors (which block anandamide hydrolysis) [118] have demonstrated 5-HT-augmenting 
mechanisms, whilst several studies have demonstrated antidepressant (and anxio-
lytic) effects in different animal models [174, 175].

 THC Effect on Dopaminergic System
Support for the role of the nigrostriatal dopaminergic system includes results from 
in vivo studies which have demonstrated an increase in extracellular dopamine lev-
els following administration of THC via microdialysis into the nigrostriatal and 
mesolimbic regions of the brain [176, 177], as well as studies that have shown that 
THC can facilitate dopamine release in rat striatal slices [176]. In rats, the effect of 
THC on dopamine transmission was blocked by naloxone (general opioid antago-
nist) and naloxonazine (μ1-opioid receptor antagonist), infused into the ventral teg-
mentum, suggesting that THC and heroin both exerted effects on mesolimbic 
dopamine transmission through a common μ1-opioid receptor mechanism in the 
ventral mesencephalic tegmentum [177]. Another study in rats demonstrated that in 
vivo release of dopamine induced by THC was dependent on serotonin transmis-
sion [176].

 THC Effect on Serotonergic System
Animal research indicates that low-dose THC may produce antidepressant effects 
via effects on the serotonergic system. In a rat study, repeated (5 days) intraperi-
toneal treatment with 1  mg/kg THC produced antidepressant-like effects in a 
forced swim test. Electrophysiological investigation showed that THC modu-
lated the 5-HT neuronal activity in the dorsal raphe via a CB1 receptor-depen-
dent mechanism. Acute intravenous administration of 0.1–0.5  mg/kg THC 
produced variable effects on 5-HT neurons (excitatory, inhibitory, and inert 
responses). Repeated administration (but not single administration) of 1 mg/kg 
THC enhanced the tonic activity of hippocampal 5-HT1A receptors (this is a 
postsynaptic effect of standard pharmaceutical antidepressants). The results of 
this study suggest that THC may have antidepressant effects at low doses and 
may work in a way similar to SSRIs in modulating 5-HT transmission in the 
dorsal raphe and hippocampus [94].
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 THC Use in Adolescent Animals Induced Depression
Not all studies in animals have been positive. In a study in rats, chronic administra-
tion with THC in adolescence actually induced depressive-like behavior, impaired 
short-term memory, and reduced social interactions and induced a persistent neuro-
inflammatory state within the adult PFC. This was evidenced by increased microg-
lial activation and elevated expression of proinflammatory markers (TNF-α, iNOS, 
and COX-2) and reduced anti-inflammatory IL-10 [178]. This neuroinflammation 
was associated with downregulation of CB1 receptors on neuronal cells and upregu-
lation of CB2 receptors on microglia. When the researchers blocked the microglia 
activation with the drug ibudilast during THC treatment, this significantly reduced 
the impairment of short-term memory in adulthood and prevented the increases in 
the proinflammatory markers and the upregulation of CB2 receptors on microglia, 
but it had no effect on the depressive-like behaviors [178].

The study authors concluded that their study supports a causal relationship 
between microglial activation and the development of longer-term cognitive changes 
associated with adolescent THC treatment [178]. They did point out, however, that 
the proinflammatory phenotype found in their study arises when healthy rats were 
exposed to THC and that in other studies utilizing models of particular neurological 
diseases, chronic THC administration reduces inflammatory events and the progres-
sion of disease. Nonetheless, their study findings are very interesting and tie with a 
later section where we discuss studies in humans that suggest that THC use in ado-
lescents may be associated with later depression (see next section for this 
discussion).

 Human Studies: Cannabis, THC, and Depression

In relation to evidence that cannabis and THC may assist in depression, the results 
from a variety of types of studies are mixed. There is some evidence of a positive 
effect in altering depressive symptoms from cross-sectional surveys, a prospective 
cohort study, and a few case reports. In general, there is a real paucity of RCT data. 
Not all studies have been positive, with some associating cannabis use with depres-
sion, as we shall see shortly.

 Surveys of Cannabis Users
Epidemiological studies support the effectiveness of cannabis for depression, at 
least in some people. For example, a survey of 4500 people found fewer depres-
sive symptoms in cannabis users compared with nonusers [179]. In a pilot study 
of 37 individuals who had smoked cannabis on at least 5000 separate occasions, 
38% of these long-term, heavy cannabis users reported that it “frequently” 
relieved their depression. Only 3% said that it frequently caused depres-
sion [180].

Several surveys indicate people are self-medicating with cannabis to treat depres-
sive symptoms. A systematic review and meta-analysis of empirical studies of 
patient-reported use of medicinal cannabis for pain, anxiety, and depression (13 
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studies) found that 34.7% cannabis users surveyed use medicinal cannabis for relief 
from depression symptoms whilst 51.7% use it for anxiety (and 67.2% for pain) [1]. 
In Australia, a survey of 1748 Australians who were using cannabis for medical 
reasons in 2016, prior to legalization of medical use, found that depression was a 
common reason for its medical use (49.3% of those surveyed) [181].

In the Washington State survey (cross-sectional survey of 1429 people identify-
ing as medical cannabis users rather than recreational users, with respondents from 
18 countries but predominantly from the USA), the most frequently reported condi-
tions for cannabis use were pain (61% of respondents), anxiety (58%), and depres-
sion (50%). The mean effectiveness rating for depression was 3.76 (95% CI 
3.66–3.85), and the mean effectiveness rating for anxiety was 3.53 (95% CI 
3.44–3.63) on a scale of −5 to +5 (with 5 representing worsening symptoms, 0 rep-
resenting no change in symptoms, and +5 representing improving symptoms) [182].

A recent longitudinal, cross-sectional web-based survey completed between 
2016 and 2018 involved 1276 participants. These participants were either patients 
with a diagnosed health condition or caregivers of a patient with a diagnosed health 
condition registered with the Realm of Caring Foundation (not-for-profit organiza-
tion). Participants were invited to participate in follow-up assessments every 
3 months. A total of 33% of the participants completed one or more prospective 
follow-ups. The survey assessed patients on their medication use, pain, anxiety, 
depression, sleep, and quality of life (QoL). Statistical analysis was conducted on 
808 cannabis users compared with 468 non-cannabis users (controls). Compared 
with nonusers, cannabis users self-reported significantly lower depression and lower 
anxiety (both p < 0.001), better quality of life (p < 0.001), greater health satisfaction 
(p  <  0.001), as well as lower average pain severity (p  <  0.05) and better sleep 
(p < 0.01 for children and for adults). In addition, compared with nonusers, cannabis 
users reported using 14% less prescription medications (rate ratio 0.86, 95% CI 
0.77–0.96) and were significantly less likely to have a past-month hospital emer-
gency department visit (RR  =  0.61, 95% CI 0.44–0.84, i.e., a 39% reduction in 
likelihood) or hospital admission (RR 0.54, 95% CI 0.34–0.87, i.e., 46% less 
likely) [183].

This study also followed participants over time (longitudinal health symptoms) 
to evaluate changes in health symptoms on initiation, cessation, or maintenance of 
medicinal cannabis use. They found statistically significant within-person effects of 
medicinal cannabis, reflecting that initiation of medicinal cannabis use, on average, 
was associated with improved symptoms and cessation of use was associated with 
worsening of symptoms. This was found for anxiety (p  <  0.001), depression 
(p < 0.001), quality of life (p < 0.01), health satisfaction (p < 0.01), past-month aver-
age pain (p < 0.05), and past-month worst pain (p < 0.05). The study also assessed 
what types of cannabis products were used by study participants and found that 
CBD-dominant products were found to be used at a higher rate than THC-dominant 
products. Mean dose of CBD was 79 mg/day (adjusted for body weight, 1.4 mg/kg; 
median 0.6 mg/kg; range 0.01–15.7 mg/kg), and mean dose of THC was 3 mg/day 
(adjusted for body weight, 0.05 mg/kg; median 0.02 mg/kg; range < 0.01–0.6 mg/
kg) [183]. This study is important because it is not just looking for reduction of 
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adverse symptoms, but is also examining quality of life and health satisfaction. 
More research needs to focus on health in a positive sense.

 Prospective Cohort Study
A study published in 2018 used an app to track changes in depression (n = 561), 
anxiety (n  =  770), and stress (n  =  726) in medicinal cannabis users. The study 
focused only on inhalation methods (vaping, smoking, concentrates, dab bubbler, 
dab portable (n = 13,687; 74.4% of data)). The study found that:

• Cannabis significantly reduced ratings of depression, anxiety, and stress (by 
50%, 58%, and 58%, respectively).

• Women reported larger reductions in anxiety as a function of cannabis than men.
• Low THC (e.g., <5.5%)/high CBD (e.g., >9.5%) cannabis was best for reducing 

perceived symptoms of depression.
• High THC (e.g., >26.5%)/high CBD (e.g., >11%) cannabis was best for reducing 

perceived symptoms of stress.

The effects of dose on perceived changes were assessed for stress, anxiety, and 
depression. The results were as follows:

• Depression: no evidence for dose effects (i.e., 1 puff resulted in the same magni-
tude of change in ratings of depression as 10+ puffs).

• Stress: positive, linear relationship between dose and perceived changes in stress: 
10+ puffs were associated with greatest change in ratings of stress.

• Anxiety: curvilinear relationship; follow-up tests—1 puff perceived as less effec-
tive than any other dose; however no other significant differences across any 
other doses (e.g., 2 puffs perceived as effective as 10+ puffs) [184].

However, the use of cannabis to treat depression appeared to exacerbate depression 
over time. Whilst baseline ratings of anxiety and stress remained fairly stable across 
tracked sessions, the baseline ratings of depression significantly increased over time 
and number of sessions. The authors of the paper felt that this was consistent with 
recent evidence indicating that using cannabis to cope with distress was associated 
with more cannabis-related problems and increased symptoms of depression [184].

 Prospective Study: Cannabis Flowers
An observational study of 1819 people was conducted between July 2016 and 
August 2019. Participants who self-administered with cannabis flowers to treat their 
depression rated their symptoms using the Releaf App™ which was an app where 
they could rate the symptom intensity as well as choose from a range of side effects 
(positive and negative).

On average, 95.8% of users reported symptom relief following cannabis con-
sumption, with a mean symptom intensity reduction of −3.76 points (Std Dev 2.64, 
p < 0.001) on a visual analogue scale ranging from –10 to +10. There was no differ-
ence in symptom relief between plant phenotypes labelled “C. indica,” “C. sativa,” 
and “hybrid.” There was no difference in symptom relief between combustion meth-
ods (i.e., joint, vape, pipe) though relative to joints, vaping was associated with less 
reporting of positive and context-specific side effects.
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When they assessed cannabinoid levels, THC levels were the strongest indepen-
dent predictor of symptom relief. CBD levels were generally not related to real-time 
changes in symptom intensity levels. In up to 20% of users, negative side effects 
that correspond to increased depression were found (e.g., feeling unmotivated); 
however, in up to 64% of users, positive side effects corresponding to decreased 
depression were found (e.g., feeling happy, optimistic, peaceful, or relaxed). The 
extent and magnitude of side effects varied with chemotype. Thus, the study authors 
concluded that cannabis flower appears to be an effective and fast-acting antidepres-
sant, with the majority of patients using cannabis experiencing antidepressant 
effects, at least in the short term [185].

 Case Reports of Cannabis Use in Depression
In case reports of five people with depression, depression preceded cannabis use 
and cannabis use had some antidepressant effects [180]. All five people reported 
that cannabis was more effective in treating their depression than pharmaceutical 
medications (except for one patient who said this was true until he responded to 
venlafaxine). Three out of five patients reported that their mood deteriorated when 
they were not able to access cannabis and improved reliably on resumption [180].

 Randomized Controlled Trials of Cannabis and THC for Depression
The National Academies of Sciences, Engineering, and Medicine report on canna-
bis and cannabinoids, published in 2017, assessed evidence of efficacy from RCTs 
and systematic reviews in relation to several different medical conditions, including 
depression. They reported that there were no systematic reviews published which 
focused on depression as a primary outcome and no good-quality primary literature, 
that is, RCTs assessing the effect of medicinal cannabis on MDD [186].

A double-blind RCT, likely to have been published after the National Academies 
report, investigated the effects of THC on emotional responses to an acute psycho-
social stress in 42 healthy volunteers. The volunteers took part in two experimental 
sessions, one with psychosocial stress (the Trier Social Stress Test, TSST) and one 
with a non-stressful task, following receiving 0 (n  =  13 participants), 7.5  mg 
(n = 14), or 12.5 mg (n = 15) of oral THC as capsules, 2.5 h prior to the tasks. When 
they assessed the effects of THC before the tasks, they found that 12.5 mg signifi-
cantly increased depression, anxiety, and confusion compared with the placebo 
group, as measured by the POMS (Profile of Mood States). The higher dose of THC 
(12.5 mg) significantly increased ratings of subjective distress before the task com-
pared with the low THC group (7.5 mg THC) or placebo group. When they assessed 
the effects of THC on task responses, they found that low doses (7.5 mg) of oral 
THC attenuated self-reported negative emotional effects of a psychosocial stressor 
(i.e., TSST-induced increases in subjective distress) but high doses of THC (12.5 mg) 
increased subjective distress, depression, and anxiety [187].

 RCTs Assessing Depression as Secondary Outcome Variables
Randomized controlled trials in patients with primary conditions including chronic 
pain, cancer, and multiple sclerosis found no significant effects of nabilone and 
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dronabinol (both synthetic forms of THC) or nabiximols (THC and CBD in equal 
ratios) on secondary symptoms of depression and anxiety (e.g., [188–191]). In a 
study in fibromyalgia patients, nabilone (synthetic THC) significantly decreased 
anxiety but had no effects in depression [192]. These studies are assessing synthetic 
THC (dronabinol, nabilone) or a product (nabiximols) which is a combination of 
THC and CBD without other plant nutrients found in cannabis. These are not whole 
plant products which are likely to have quite different effects than isolated active 
constituents.

In an open label study of cannabis smoking in 28 patients with fibromyalgia 
compared with 28 nonusers with fibromyalgia (controls), visual analogue (VAS) 
scores indicated a significant reduction in pain and stiffness, enhancement of relax-
ation, increased feelings of well-being, and an increase in somnolence. The mental 
health component of the Quality of Life tool used (the SF-36) was significantly 
higher (p < 0.05) in cannabis users compared with nonusers [193].

 Palmitoylethanolamide (PEA) Supplementation for Depression

Research using animal models of depression have found that exogenous palmitoyle-
thanolamide (PEA) has antidepressant effects [194–196]. Human studies also lend 
support to the idea that exogenous PEA might be a useful adjunct treatment for 
depression.

PEA is one of the N-acylethanolamines that make up the extended ECS and is an 
endogenous fatty acid amide with several targets including peroxisome proliferator-
activated receptor alpha (PPAR-α) and NMDA receptors. Endogenous PEA exerts 
anti-inflammatory effects, principally via inhibiting the release of proinflammatory 
mediators from mast cells, monocytes, and macrophages [197]. It indirectly affects 
endocannabinoid signaling through activation of PPAR-α [195]: PEA was found to 
increase CB2 receptor mRNA through PPAR-α activation and induced morphologi-
cal changes associated with a reactive microglia phenotype (increased migration 
and phagocytosis) suggesting that indirect regulation of microglial CB2 receptor 
expression is a potential mechanism of action of PEA [197].

PPAR-α agonists may help regulate mood disorders by regulating dopamine neu-
ronal activity (and perhaps also serotonin) via nicotinic acetylcholine receptors. As 
we saw earlier, glutamate transmission is dysregulated in depression, and PEA can 
restore glutaminergic synapse proteins and amino acid release or homeostasis and 
in other research was found to protect against NMDA-induced neuronal death [195]. 
It has been posited that PEA may increase in depression as a compensatory mecha-
nism, a hypothesis that is supported by findings that antidepressant drugs such as 
imipramine increase brain PEA levels [195].

 RCT: PEA Supplementation in Major Depressive Disorder
A randomized controlled trial (RCT) in 54 patients with MDD who were given 
either PEA or placebo as an adjunct to current therapy of citalopram for 6 weeks 
found evidence that PEA as an adjunct therapy effectively improved symptoms. At 
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the end of week 2, those in the PEA group showed a significantly greater reduction 
in depression scores on the Hamilton Depression Rating Scale compared with the 
placebo group. Throughout the entire study, those in the PEA group showed signifi-
cantly greater improvement in depressive symptoms and a greater response rate 
(defined as a 50% or more reduction in the HAM-D score) compared with the pla-
cebo group at the end of the 6 weeks (100% versus 74%, p = 0.01). There was no 
difference in frequency of side effects between groups [195].

 Can Cannabis Cause Depression?

 Studies of Associations Between Cannabis Use and Depression

Several studies have reported an association between cannabis use and depression 
[198–203] though other studies have not found an association [204, 205].

A meta-analysis of 14 longitudinal studies (total of 76,058 participants) found 
that the odds ratio for cannabis users developing depression compared with con-
trol is 1.17 (meaning there was a 17% increased risk, 95% CI 1.05–1.30) and 
there was a higher odds ratio (1.62, 95% CI 1.21–2.16) for heavy cannabis users 
developing depression compared with nonusers or light users [203]. Another 
meta-analysis (of prospective cohort or cross-sectional designs using non-insti-
tutionalized cases) found a significant association between comorbid anxiety and 
depression and cannabis use (OR 1.68, 95% CI 1.17–2.40, 5 studies) [202]. 
Interestingly, in this meta-analysis, cannabis use at baseline was significantly 
associated with increased odds of anxiety at follow-up in five studies (OR 1.28, 
95% CI 1.06–1.54) [202].

A study was conducted in 1994–1996 which was a follow-up or reassessment of 
participants of the 1980 Baltimore Epidemiologic Catchment Area (ECA) study in 
the USA. In this follow-up study 1,920 of the participants enrolled in the 1980 study 
were interviewed. They found that in those with no baseline depressive symptoms 
(as assessed in the original study), those with a diagnosis of cannabis abuse at base-
line were four times more likely to have depressive symptoms at follow-up (com-
pared with those with no cannabis abuse diagnosis), and they were more likely to 
have experienced suicide ideation and anhedonia during the follow-up period [198].

Yet others have not found an association between cannabis use and depression. 
For example, the National Longitudinal Survey of Youth of 1979 is an ongoing lon-
gitudinal survey of 12,686 men and women in the USA that began in 1979. Analysis 
of data of 8759 adults (aged 29–37 years) interviewed in 1994 about past-year can-
nabis use and current depression found that past cannabis use was not a significant 
predictor of depression in adults when baseline differences between users and non-
users were controlled [204]. One large meta-analysis of studies on cannabis use and 
risk of affective mental health outcomes concluded that evidence that cannabis 
causes depression in humans is not convincing [205].

A major issue in trying to make sense of often conflicting results in the literature 
is the differences between studies in definitions of cannabis use and depression (and 
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anxiety) and differences in numbers and types of confounders [206]. Many studies 
which initially found an apparent association between cannabis use and depression 
or anxiety found the association disappeared after adjusting for other potentially 
confounding factors [186, 205–207]. For example:

• In a longitudinal cohort study of 8598 Swedish men and women, at 3-year fol-
low-up, once confounding factors were taken into account (alcohol and illicit 
drug use, education, family tension, place of upbringing, age, sex), no longitudi-
nal associations were found between cannabis use and incidence of depression/
anxiety or between depression/anxiety and later cannabis use [206].

• In a Swedish male cohort, there was an apparent increased risk of hospitalization 
from depression in men reporting heavy cannabis use in adolescence. This asso-
ciation disappeared after adjusting for conduct problems in childhood [207].

 Cannabis Use in Adolescence and Young Adulthood

There have been several studies that have linked heavy cannabis use in adolescence 
and development of depression later in life (e.g., [208–210]). For example, a longi-
tudinal cohort study that spanned 30 years found that cannabis use in adolescence 
was associated with higher odds of depression (adjusted OR  =  1.70, 95% 
CI = 1.24–2.32) and suicidality (adjusted OR = 1.65, 95% CI = 1.11–2.47) in adult 
life, with young age at first use and high frequency of use in adolescence particu-
larly increasing the risk of depression in adulthood and suicidality [209].

A systematic review and meta-analysis that included 11 RCTs (23,317 individu-
als) found that the odds ratio of developing depression for cannabis users in young 
adulthood was 1.37 (95% CI 1.16–1.62) and the odds ratio for suicide ideation was 
1.50 (95% CI 1.11–2.03) and suicide attempt was 3.46 (95% CI 1.5–7.84) though 
the odds ratio for anxiety was not statistically significant [208]. In contrast, the 
meta-analysis mentioned in the previous section which found greater odds of devel-
oping depression associated with cannabis use did not find any significant differ-
ences in effect based on age of participants [203].

In an Australian study which was a state-wide survey of 1601 secondary school 
students aged 14–15 who were followed for 7 years, they found that around 60% of 
participants had used cannabis by the time they were 20 and 7% were daily users. 
Daily use in young women was associated with a greater than fivefold increase in 
odds of reporting depression and anxiety (OR 5.6, 95% CI 2.6–12.0). Weekly or 
greater cannabis use in teenagers was associated with almost doubling of risk for 
later depression and anxiety (OR 1.9, 95% CI 1.1–3.3). However, depression and 
anxiety in teenagers did not predict later weekly or daily cannabis use [210].

We know that the ECS is particularly vulnerable in childhood and adolescence, a 
time of much neural change including synaptic pruning. Chronic use of cannabis to 
cope with symptoms of depression may increase susceptibility for depression by 
altering the ECS [184]. We learned earlier that in a study of healthy adolescent rats, 
THC administration in adolescent rats induced depressive-like behavior, impaired 
short-term memory, and reduced social interactions and induced a persistent 
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neuroinflammatory state within the adult PFC, providing evidence of the underlying 
causal mechanism of action of the behavioral deficits in adult rats.

However, the ECS is malleable: alterations in CB1 receptor availability in 
chronic cannabis users are reversible after only a short (∼2 day) period of absti-
nence, with no significant differences after 28 days of abstinence compared with 
healthy controls [211].

Most of this research focuses on the recreational use of cannabis. More research 
is needed in the context of medicinal use. Nonetheless, a prudent approach should 
be taken—adolescents should be steered away from recreational use of cannabis (as 
well as other illicit drugs and alcohol) given the potentially detrimental effects can-
nabis could have on the still-developing ECS.

 Legalization of Medicinal Cannabis Access and Suicide Reduction

It is worth noting that several studies have found an association between legal access 
to medicinal cannabis and reduction of suicide rates at the population level [212, 
213]. The earlier of these studies found that legalization of medical cannabis was 
associated with a 10.8% (95% CI  −17.1 to −3.7%) and 9.4% (95% CI = −16.1%, 
−2.4%) reduction in the suicide rate of men aged 20–29 years and 30–39 years, 
respectively [212], whilst the slightly later study of these studies found that 
California’s 1996 legalization of recreational use resulted in statistically significant 
reductions in suicides and gun suicides, though only a non-statistically significant 
reduction in non-gun suicides [213]. This underscores the need for countries to 
consider the detrimental effect of criminalization of cannabis and the potential ben-
efits which may include mental health benefits.

 What Is the Nature of the Association Between Cannabis Use 
and Depression?

There are at least three hypotheses that might explain an association between can-
nabis use and depression, examined by Harder et al. [204]. These are the self-med-
ication hypothesis (i.e., depression causes cannabis use); the hypothesis that 
cannabis use causes depression; and the common factor hypothesis (there is a 
genetic or environmental cause for both depression and cannabis use) [204]. For a 
robust discussion, see Harder et al. [204].

There is support for the involvement of genetics and environmental factors: stud-
ies have found cannabis dependence and major depression arise from genetic as 
well as environmental vulnerabilities [214, 215]. Fu et al. [214] found that genetic 
factors associated with cannabis use and those associated with depression are mod-
erately correlated. A study in twins where in each pair, one was cannabis-dependent 
and the other not, found that individuals who were cannabis dependent had signifi-
cantly greater odds of suicide ideation and suicide attempt (OR 2.5 and 2.9, respec-
tively) than their non-cannabis-dependent twin. Cannabis dependence was 
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associated with elevated risks of major depressive disorder in dizygotic but not 
monozygotic twins. They found that those who started using cannabis before age 17 
had increased rates of subsequent suicide attempts (OR 3.5, 95% CI 1.4–8.6) but not 
of major depressive disorder (MDD) or suicide ideation. The authors of this study 
concluded that the comorbidity between cannabis dependence and major depressive 
disorder was likely to arise through shared genetic and environmental vulnerabili-
ties that predisposed to both outcomes [215].

 Dosing Guidelines for Treating Depression with 
Medicinal Cannabis

 When to Use Medicinal Cannabis

Medical cannabis treatment should be considered after a thorough clinical assess-
ment and implementation of a comprehensive treatment plan including lifestyle 
modification, diet, and behavioral approaches. Anxiety or depression can be pri-
mary manifestations of several disease conditions that need to be addressed 
promptly. Medicinal cannabis treatment might also be considered after failure of 
usual drug therapy or in conjunction with diseases known to be associated with 
depression like diabetes, rheumatoid arthritis, and malignancy.

 Type of Product (Blends)

Ideal blends are high in CBD and low in THC but need to match the patient’s age, 
level of sensitivity to cannabinoids or THC, urine drug testing requirements, body 
mass, and other associated symptoms. Several terpenes like caryophyllene may be 
a significant part of the product blend and combine well with hemp phytocannabi-
noids to complement the effects in both anxiety and depression as well as inflamma-
tory conditions. These blends may represent variations of the “entourage” that 
enhance effectiveness and reduce adverse effects. This is in stark contrast with sin-
gle component CBD or isolates that have shown a bell-shaped dose response with a 
narrow window of effectiveness compared with the linear dose response of plant-
derived CBD.

Not only do plant-derived cannabinoids allow for lower amounts to achieve ben-
efits; they also cause reduced adverse effects [216]. For example, in human anxiety 
studies, 300 mg to 600 mg of isolate was used to improve symptoms [170], whereas 
in a case study of 47 patients in a mental health facility, dosages of only 25–175 mg 
were needed to achieve significant improvements of anxiety symptoms in 79% of 
patients within 4 weeks with side benefits of sleep enhancement in 66% [217]. In 
another series of clinical cases with PTSD for which anxiety is a significant symp-
tom, symptom control was achieved with average doses of 33–48  mg of plant-
derived CBD within 3 weeks [218].
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The benefits of CBD in the presence of other plant constituents are supported by 
some recent reports showing that CBD in a standardized cannabis extract is more 
potent or efficacious than pure CBD including the antiproliferative effect on tumor 
cells and the inhibitory effect on bladder contractility. The higher efficiency of plant 
extract might be explained by additive or synergistic interactions between CBD and 
minor phytocannabinoids or non-cannabinoids presented in the extracts. As men-
tioned in Chap. 4 (Overview of Medicinal Cannabis), a meta-analysis of observa-
tional studies of treatment of refractory epilepsy found significantly greater 
improvements in those treated with CBD-rich extracts than those treated with puri-
fied CBD, with significantly less mild and severe side effects, and those treated with 
CBD-rich extracts compared with purified CBD. The mean dose per day of those 
treated with CBD-rich extracts was significantly lower than in those treated with 
purified CBD [219].

Most research has characterized isolated single constituents of traditional 
herbal medicine. However, most data provide legitimation of whole plant 
extracts in contrast with synthetic drugs. The therapeutic synergy observed with 
plant extracts results in lesser dosing amounts with reduced adverse effects 
[216, 219].

THC content may be appropriate in some cases of depression to improve sleep, 
to address pain, and to reduce the need for larger amounts of CBD since higher THC 
blends tend to allow for decreased amounts of CBD.

 What Form of Product Should You Use?

The best form of product matches the patients’ preferred lifestyle and tastes. 
Capsules have a longer duration of action, but tinctures sublingually often provide 
immediate relief of acute stressful situations. The treatment plan might include both 
approaches in some patients. Even capsules can be used sublingually if one does not 
mind the strong earthy flavor of less processed phytocannabinoids.

 Dosing

Age and body mass are only rough guides for the use of cannabinoids. Generally, 
standard serving sizes (doses) are appropriate for people 45 kg or greater and can be 
adjusted after first doses for response. Patients who are seniors 70 years or older 
should start with ½ usual servings. For individuals known to be sensitive to common 
medications like paracetamol or aspirin, consider starting with single drops of a 
liquid form or skin applications.

Typical response for depression is rapid using doses in the lower range of 
25–50 mg of a CBD-dominant formulation either once or twice daily. Unlike SSRIs, 
often the effects are immediate lifting of mood within minutes or hours of the 
first dose.
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 Titration and Follow-Up

Symptoms of depression respond very quickly to cannabinoids even on the first 
dose. If possible, have a staff member follow up the day of or day after first doses to 
guide or review the initial response and begin titration to optimize mood and perfor-
mance or minimize rare adverse symptoms. If possible, have a family member or 
friend observe the patient for an independent response assessment, and don’t rely 
entirely on the patient’s statement alone. Practitioners might consider repeating of a 
standardized depression questionnaire.

Adjust the daily dose or frequency to best fit the patient’s situation. Maintain that 
dose indefinitely or for 1 month and then consider reducing the dose by as much as 
half based on continuing need.

Often, as in the case of PTSD, patients can achieve remission. Others may decide 
the life-enhancing and transformative benefits of cannabinoids are too valuable to 
suspend and will make cannabinoids a part of their medical nutritional lifestyle.

 Other Tips to Enhance Therapeutic Action

Cannabinoids are best absorbed with food or fatty snack. Studies show that long-
chain triglycerides (18 carbons or more) enhance absorption into the intestinal lym-
phatics bypassing hepatic first-pass effects providing increased concentrations of 
250 times plasma levels [220]. This has important implications in those with inflam-
mation needing immune modulation. In fact, cannabinoids ingested with triglycer-
ides achieved higher concentrations (micromolar) in the intestinal lymphatics than 
could be obtained in general circulation effectively suppressing inflammatory cyto-
kines-expressing T cells [220].

Sleep disorders are common in anxiety and depression. Most patients report 
improved depth and quality of sleep, but a few can feel activated mentally with an 
evening dose that can delay onset of sleep considerably. Until the patient has had 
some experience with daytime doses, avoid medicinal cannabis treatment within 2 h 
or more of bedtime. Practitioners can encourage the patient to use a smartphone 
sleep application to monitor their sleep patterns if they feel they are not getting 
adequate sleep. Often these software programs actually show a significant amount 
of deep sleep of which the patient was unaware. Characteristically patients may say 
they slept very little or not at all, but they do not report significant fatigue.

 Drug-Cannabis Interactions

Cannabinoids can interfere with drug metabolism based on modulation of the 
cytochrome 450 system specifically CYP2C and CYP3A classes of isozymes, in 
vitro and in animal models. However, the modulation is relative and dose-related, 
seen only with very large doses of CBD isolate, that is in large doses far exceed-
ing customary medicinal cannabis treatment. As noted above CBD worked well 
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in conjunction with SSRI medications and even allowed abrupt discontinuation 
of SSRI without loss of effectiveness or adverse effect. A frequent concern is 
serotonin syndrome when combining two medications that stimulate increased 
serotonin levels. Symptoms in mild cases include high blood pressure and a fast 
heart rate, usually without a fever. Symptoms in moderate cases include high 
body temperature, agitation, increased reflexes, tremor, sweating, dilated pupils, 
and diarrhea. However, no reports of serotonin syndrome have been documented 
or reported with the use of CBD or other natural phytocannabinoids, probably 
owing to the low dosing, lack of interference, and multiple positive mechanisms 
of action.

 Case Studies from Dr. Blair’s Practice

 Case 1 Professional Male with Depression

The patient is a 53-year-old professional magician who was generally well until 5 
years ago when he lost his job at a theme park in Los Angeles, gained weight, and 
developed prediabetes, hypertension, and subsequently depression. His pessimistic 
attitude seriously interferes with his profession and work opportunities. He denies 
suicidal thoughts or plans and does not own a “real” firearm. He has international 
travel work plans and worries that his depression will interfere. He reports swollen 
ankles and high blood pressure on medications. He also has chronic back pain that 
is poorly controlled on Tylenol and multiple other prescription pain medications 
“left over” from a broken ankle reconstruction surgery a few years ago. In the past 
he was somewhat successful with dieting, but deepening depression has prevented 
him from taking any action.

Blood pressure was 140/90 mmHg and weight 225 pounds (estimate, because he 
claimed he was too depressed to measure). A fasting blood glucose measured 
6.2 mmol/l.

Medications: Losartan/HCTZ 100/12.5 mg, hydrocodone/acetaminophen 10 mg 4 
per day. Fluoxetine 20 mg qd (duration 3 months).

 Treatment
After reviewing his history and discussing benefits and risks of CBD, he underwent 
an initial trial of liposomal 1:20 CBD blend of 5 mg (i.e., 1:20 ratio THC to CBD). 
Within 10 min he reported decreased back pain and improved mood. In addition, he 
showed increased range of motion of the back with a toe touch maneuver, head turn-
ing, and trunk twisting of 15–20°. He had increased facial motion and was smiling 
with widening of the palpebral fissures. His pulse remained stable at 70 b.p.m.

Three days later he returned to demonstrate a “magic trick” his experience 
inspired. He used a clever device with four balls and a metal bar to metaphorically 
explain how CBD had worked for him connecting different body systems so that 
they would function more normally and restore his health.

Case Studies from Dr. Blair’s Practice
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One month later he reported CBD had completely “turned me around and now 
my attitude has completely changed.” He also reported his back pain was improved 
and he was experiencing overall feelings of optimism and well-being. He was able 
to discontinue all pain medications.

At this point he had adjusted his dose to 20 mg three times per day. I suggested 
the client switch to a tincture with higher concentration for more cost-effective and 
practical approach.

Two months later he felt ready to “dive into a well monitored complete health 
program” with a dietitian. He also reported his blood pressure normalized to 
120/80 mmHg and his fasting blood glucose dropped below 5.6 mmol/l. In addition, 
he insisted on introducing cannabinoid therapy to his wife and introducing his octo-
genarian parents to CBD (with guidance), and they also responded well for their 
pain symptoms. Later in the month, the patient performed an illusion of sawing a 
woman in half on the television show Dancing with the Stars.

 Case 2 Young Adult with Depression

The patient is an 18-year-old senior high school student in good general health 
except for depression since age 14. His symptoms included withdrawal from social 
activities and negative self-thoughts. Counseling produced no significant changes. 
Lexapro was prescribed and provided mood lifting and improved interactions but 
was associated with weight gain. After 2 years the medication no longer was felt to 
be effective. Lisdexamfetamine (a derivative of amphetamine) was added to treat 
attention-deficit hyperactivity disorder (ADHD) as well as moderate-to-severe 
binge-eating disorder.

His early childhood was associated with a parental divorce and abusive relation-
ship with a stepfather.

Physical examination was normal, and no symptoms of flashbacks, panic, or 
night terrors were noted.

Pathology Tests: Laboratory findings were normal range, and biochemical studies 
did not reveal any abnormalities.

Medications: Lisdexamfetamine.

 Treatment
Broad spectrum, no THC product was recommended to avoid any long-term effects 
on brain function that might be related to THC. 25 mg liquid tincture twice daily 
along with supportive omega 3 and behavioral counselling support was recom-
mended. Nutritional review was recommended for possible deficiencies and consid-
eration of organic acid testing for indicators of metabolic enzyme disorders or toxin 
exposures.

After 2 weeks the patient’s family reported increased interactions and more nor-
mal social activities. School work performance improved significantly with greater 
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completion of assignments. His physical activity also increased and was associated 
with modest weight changes.

At 1 month the parents discontinued Lisdexamfetamine with no adverse change 
in school performance. A week later they also discontinued escitalopram without 
withdrawal or adverse symptoms. Organic acid testing suggested abnormal folate 
metabolism, and MTHFR C677T polymorphism was noted. Methylated folate was 
added to his regimen as he continued his improvement.

At 3 months the patient appeared to be interacting normally without further signs 
of withdrawal, sadness, or rumination. He joined a recreational sports team, lost 
significant weight, and participated in a school play. He was able to discontinue 
cannabinoid therapy without relapse and use sparingly for occasional acute symp-
toms such as pre-performance for school, competition, or stage acting.

 Conclusion

The pathogenesis of depression is complex and multifactorial. There are several 
lines of evidence to indicate that the endocannabinoid system is implicated in the 
pathophysiology of depression. Being a neuroregulatory system, one must con-
sider whether changes in the endocannabinoid system are part of the etiology and 
pathogenesis of depression or simply a response by the body to try to regulate or 
correct imbalances in other systems, or both. There is preclinical research in ani-
mals and relatively limited research in humans in relation to the usefulness of CBD 
in treatment of depression. Preclinical research provides some support for efficacy 
of THC in alleviating depression. Results of human research investigating cannabis 
and THC for alleviation of depression are mixed, with some evidence of a positive 
effect in alleviating depression in some studies and other studies finding an asso-
ciation between cannabis use and depression. There is a serious paucity of 
RCT data.

It is important to remember that lifestyle factors, nutritional factors, environmen-
tal factors, and others (e.g., comorbidities, medications) may play very important 
roles in the etiology and pathogenesis of depression. Such factors will need to be 
considered and addressed in patients presenting with depression. An integrative 
approach to helping the patient heal is critical.
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Post-Traumatic Stress Disorder

 Introduction

Observational studies, in particular in war veterans, indicate that many people use 
cannabis to alleviate the symptoms associated with post-traumatic stress disorder 
(PTSD). Cross-sectional studies have found that PTSD patients reported using can-
nabis to cope with hyperarousal, coping, and sleep [1–3]. Other studies have found 
associations between PTSD, cannabis use, and cannabis use disorder [4]. Though 
we tend to associate PTSD with the armed forces, PTSD is not something just found 
in these men and women and other first responder occupations. In refugees, PTSD 
is the most frequently cited behavioral conditions, ranging from 15% to 80% preva-
lence [5]. It is unfortunately very common in women and children as a result of 
domestic violence and abuse, perhaps a more hidden demographic.

The pathophysiology of PTSD is, unsurprisingly, complex, and it has been 
described as an anxiety disorder, a disorder of dysregulation of fear and processing 
of stimuli associated with trauma, and a paradoxical disorder of memory. We have 
already seen how the endocannabinoid system (ECS) is intimately involved in regu-
lation of our stress response, as well as in anxiety and depression, and these condi-
tions are all intertwined with PTSD.

This Chapter
This chapter will examine what PTSD is, its prevalence, its pathophysiology, and 
how the endocannabinoid system may be involved, as through understanding its 
pathophysiology, we might then begin to understand how medicinal cannabis and 
some of its key constituents might assist in addressing the symptoms and underlying 
pathways involved. We examine the evidence associated with the use of medicinal 
cannabis to treat PTSD, including preclinical and human studies, and conclude with 
two case studies from Dr. Blair’s practice.
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 What Is PTSD?

PTSD is a debilitating mental illness with neurobiological abnormalities that can 
develop after exposure to a life-threatening or traumatic event. It is characterized by 
three main groups of symptoms:

 1. Re-experiencing symptoms: persistent re-experiencing of the trauma(s), dreams 
and flashbacks (of the event), and intense physiological and psychological reac-
tions to internal and external cues or stimuli

 2. Avoidance symptoms: avoidance of trauma-related stimuli, avoidance of places 
that remind the person of the traumatic event, evasion of any thoughts or feelings 
of people that remind the person of the trauma, emotional numbing, and 
decreased interest in participating in activities

 3. Hyperarousal symptoms: sleep disorders (difficulty falling asleep or staying 
asleep), anger, irritability, hypervigilance, and exaggerated startle reflex [6–8]

 PTSD as an Anxiety Disorder and a Paradoxical Disorder 
of Memory

PTSD is viewed as an anxiety disorder which is characterized by inappropriate per-
sistent and uncontrolled retrieval of traumatic memories [9], as well as a paradoxi-
cal disorder of memory [10]. It has also been described as a disorder of dysregulation 
of fear and processing of stimuli associated with trauma [7]. Its description as a 
“paradoxical disorder of memory” is because there are intrusive memories or recol-
lections of certain aspects of the trauma (flashbacks), as well as amnesia for other 
aspects [10–12]. Situations reflecting aspects of the traumatic event can trigger 
intrusive memories or flashbacks, and the trauma is re-experienced with a high level 
of arousal (emotion and sensory intensity), but there are also memory alterations, 
with difficulty in the recall of the corresponding contextual information and the 
chronological order of events [10, 11].

Much variability exists between individuals with respect to the types of symp-
toms experienced after trauma and duration and course of symptoms. Importantly, 
not everyone who experiences trauma will develop PTSD [13], and many who do 
will spontaneously recover [14]. Those who remit may relapse and those who remit 
are at high risk of recurrence of symptoms or full-blown PTSD [15, 16]. Several 
different factors contribute to the magnitude of PTSD symptoms, as well as deter-
mining someone’s resilience to trauma. These include their early life experiences, 
genetic makeup and predisposition, and social support network [17].
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 DSM-5 Definition

Post-traumatic stress disorder (PTSD) is defined under the Diagnostic and Statistical 
Manual of Mental Disorders, fifth edition (DSM-5) as a trauma- and stressor-related 
disorder [6]. According to the DSM-5, diagnosis is based on the individual being 
exposed to a traumatic event (Criteria A) and then meeting Criteria B (intrusive 
symptoms), C (avoidance), D (negative alterations in cognitions and/or mood), and 
E (alterations in arousal and reactivity), set out in more detail below (see Table 7.1). 
The duration of the disturbance (Criteria B, C, D, and E) must be more than 1 
month, and the disturbance must cause clinically significant distress or impairment 
in social, occupational, or other important areas of functioning and may not be 
attributable to the physiological effects of a substance (e.g., medication or alcohol) 
or another medical condition [6].

Table 7.1 DSM-5 diagnostic criteria PTSD: key points

Criteria Details
A. Exposure Exposure to actual or threatened death, serious injury, or sexual violence in 

one or more of the following ways: (1) directly experiencing the event; (2) 
witnessing the event as it occurred to others; (3) learning that the traumatic 
event occurred to a close family member or friend, or (4) experiencing 
repeated or extreme exposure to aversive details of the traumatic event

B. Intrusion 
symptoms

Presence of one or more intrusion symptoms: recurrent, involuntary, and 
intrusive distressing memories of the event; recurrent distressing dreams; 
dissociative reactions (e.g., flashbacks); prolonged or intense psychological 
distress; marked physiological reactions to internal or external cues that 
symbolize or resemble an aspect of the event

C. Avoidance Persistent avoidance of stimuli associated with the traumatic event(s), 
beginning after the traumatic event, evidenced by avoidance of or efforts to 
avoid stressing memories/thoughts/feelings associated with the event or 
avoidance of or efforts to avoid external reminders, e.g., people and places 
that arouse distressing memories or thoughts associated with the event

D. Negative 
alterations in 
cognitions and 
mood

Negative alterations in cognitions and mood associated with the traumatic 
event beginning or worsening after the event occurred, evidenced by two or 
more of the following: inability to remember an important aspect of the 
traumatic event(s) (typically dissociative amnesia and not to other factors 
such as head injury, alcohol, or drugs); persistent and exaggerated negative 
beliefs about oneself; and others (see DSM-5 for more information)

E. Marked 
alterations in 
arousal and 
reactivity

Marked alterations in arousal and reactivity associated with the traumatic 
event(s), beginning or worsening after the traumatic event occurred, as 
evidenced by one or more of the following including irritable behavior and 
angry outbursts with little or no provocation, hypervigilance, reckless or 
self-destructive behavior, and others (see DSM-5 for complete list)

American Psychiatric Association [6]
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There are two subtypes of PTSD under the DSM-5: PTSD preschool subtype 
(diagnosis in children under 6 years of age) and PTSD dissociative subtype which 
is used when a person has prominent dissociative symptoms (all other PTSD criteria 
must still be met) [6].

 Predisposing Factors and Epigenetics

An estimated 90% of people will experience a traumatic event in their life; however, 
most will recover and not go on to develop PTSD. Experiencing a traumatic event 
increases the risk of developing PTSD, with rates of 18–36% of PTSD occurring in 
patients exposed to trauma [7]. Various predisposing risks for PTSD include stress, 
depression, and trauma [7].

Epigenetics are very likely to play a key role in why some people develop PTSD 
and others don’t [18]. Depression, stress, and trauma result in differential DNA 
methylation of endocrine genes, and it is possible that this could underpin different 
biological responses to trauma and therefore risk of developing PTSD [7, 18]. This 
will be discussed more later.

Adverse events of childhood occurrence appear to increase risk for PTSD. For 
example, 85% of veterans at a community-based mental health clinic within the US 
Department of Veterans Affairs reported experiencing at least one category of 
adverse childhood event before age 18 years, and 46% reported experiencing four 
or more categories [19].

 Comorbidities of PTSD

In more than 80% of cases of PTSD, there are comorbidities with other mental 
health and medical disorders [20]. The associated mood, physical, and dissociative 
symptoms can impair everyday functioning, including employment, relationships, 
and ability to look after oneself [20, 21].

Mental health comorbidities of PTSD include anxiety, depression, personality 
disorders, and substance abuse [20]. More than 50% of PTSD sufferers also have 
depression, and the comorbidity of PTSD and depression is a delayed phenomenon 
occurring later in the disease process [20]. This comorbidity can be associated with 
greater distress, symptomatology, occupational disability, global disability, and 
social impairment compared to either condition alone [20]. A review of studies pub-
lished in 2012 concluded that there is strong support for the assertion that comorbid-
ity of PTSD and depression modulates symptom severity across many different 
populations studied and that symptom severity is higher when both conditions are 
present than either alone [20].

There is evidence that PTSD sufferers engage in substance abuse in order to cope 
with these symptoms: rates of substance abuse are much higher in those with PTSD, 
and this relationship is partly mediated by sleep problems [22].
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 Risk of Suicide
PTSD sufferers are at increased risk of suicide. A Danish study found that the odds 
ratio associating PTSD with suicide was 9.8 (95% CI 6.7–15). After controlling for 
psychiatric and demographic confounding factors, the odds ratio was 5.3 (95% CI 
3.4–8.1). In addition, those with PTSD and depression had a greater suicide rate 
than expected based on their independent effects [23].

 Sleep Problems
Sleep disturbances (e.g., insomnia, daytime sleepiness, nightmares) are hallmark 
features of PTSD. Studies have shown that PTSD sufferers experience more stage 1 
sleep and less slow-wave sleep (indicative of more shallow sleeping) and greater 
rapid eye movement density [24].

 Increased Risk of Diseases
PTSD sufferers are at increased risk for several different diseases which are associ-
ated with inflammation including cardiovascular disease, autoimmune disorders, 
metabolic disorders, and dementia [25, 26]. Associations in 1456 German veterans 
aged 60–85 years have been found between PTSD and angina/coronary artery dis-
ease, congestive heart failure, peripheral vascular disease, cardiovascular risk factors 
(hypertension, increased cholesterol), asthma, osteoporosis, back pain, cancer, stom-
ach problems, hearing problems, and thyroid disorders [27]. A large study in 666,269 
Afghanistan and Iraq veterans found that PTSD was associated with a twofold 
increase in the following diseases: autoimmune thyroiditis, inflammatory bowel dis-
ease, rheumatoid arthritis, multiple sclerosis, and lupus erythematosus [28]. This 
study found that being a female veteran was associated with a much higher risk of 
autoimmune disorders: 4.6% compared with 1.7% in male veterans [28].

 Prevalence of PTSD

PTSD’s lifetime prevalence is higher than that of other anxiety disorders, including 
panic disorder, obsessive-compulsive disorder, and generalized anxiety disorder 
[29]. Any person experiencing trauma is at risk of developing PTSD.  There are 
many first responder occupations which put individuals at risk of PTSD, and these 
can include members of the armed forces, police, ambulance officers, firefighters, 
emergency call dispatchers, and many others. We tend to think of PTSD in relation 
to the armed forces in particular; however, an important cohort which is not spoken 
about enough are those survivors of domestic violence, abuse, or neglect, and these 
tend to be women and children. Another important group are those living in or refu-
gees from war-torn countries, and those living in abject poverty.

 General Population
Data from the National Comorbidity Survey Replication (2001–2003) indicates 
estimated 3.6% of US adults had PTSD in the past year, with the figure higher for 
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women (5.2%) than men (1.8%). The lifetime prevalence of PTSD was 6.8% [30]. 
Of US adults who had PTSD in the past year, 30.2% were deemed mild, 33.1% 
moderate and 36.6% serious [31]. Data from the National Comorbidity Adolescent 
Supplement (NCS-A) indicates that an estimated 5.0% of adolescents aged 13–18 
had PTSD, with higher prevalence again in females (8.0%) more than males 
(2.3%) [32].

Large community surveys in Australia and New Zealand show that 50–75% of 
people report at least one potentially traumatic event (PTE) in their lives, with 
most reporting two or more. PTEs are a risk factor for developing PTSD. It is also 
known that about 50% of PTSD will resolve within 12 months of the event [33]. 
The 12-month prevalence (those who have had PTSD in the previous 12 months) 
is estimated at 6.4% in Australia and 3.6% in the USA [30, 33]. Earlier (2011) 
figures put Australian prevalence rates for PTSD at 4.4% (12 month) and 7.2% 
(lifetime) [34], with higher rates after specific trauma. For example, interpersonal 
traumas such as rape and sexual assault other than rape are associated with greater 
probability of PTSD, of the order of 46.2% and 29.0%, respectively, in one study 
of 1698 young adults (mean age 21 years) in a mid-Atlantic city in the USA [35].

 Armed Forces
The prevalence of PTSD is particularly high in veterans from the armed forces. For 
example, a study of 1938 previously deployed armed service members who served 
in Afghanistan and Iraq found the prevalence of current PTSD was 13.8% [36]. A 
study conducted from 1995 to 1997 of 11,441 Gulf War veterans found a prevalence 
of current PTSD of 12.1% [37]. Further back in recent history, a study of Vietnam 
War veterans found an estimated lifetime prevalence of PTSD of 30.9% in men and 
26.9% in women [38].

An estimated 8.3% of the Australian Defence Force (ADF) will have experi-
enced PTSD in the past 12 months. ADF males report a greater rate of PTSD com-
pared with males in the general population (8.1% vs 4.6% males). Deployment does 
not appear to influence rate: ADF members who have never been deployed experi-
ence PTSD at the same rate as those who have been deployed. Length of deploy-
ment is not a useful marker of risk; however, the number and type of traumas and 
roles while on deployment (e.g., combat, explosive ordinance roles) may be useful 
to identify “at-risk” persons. Experience of multiple traumas across lifetime includ-
ing deployment is associated with greater risk of PTSD [39].

 Domestic Violence and Sexual Assault
PTSD can occur as a result of domestic violence (also known as intimate partner 
violence), which can involve both physical and mental abuse. Instead of occurring 
as a one-off event, domestic violence and emotional abuse tend to be chronic, occur-
ring repeatedly over time, and this chronic exposure can lead to chronic PTSD [40]. 
Survivors of rape and other types of sexual assault have a higher risk of developing 
PTSD compared with survivors of other types of trauma. An estimated 94% of rape/
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sexual assault survivors develop PTSD symptoms within 2 weeks after the event, 
with approximately 50% suffering long-term symptoms. This is even more so for 
child victims (PTSD UK, no date). A meta-analysis of intimate partner violence 
survivors indicated a mean prevalence of 64% for PTSD (48% for depression) [41].

A telephone interview study of 2181 people in the Detroit area (USA) aged 
18–45 years found that the conditional risk of PTSD following exposure to trauma 
was 9.2%. It also found that the highest risk of PTSD was associated with assaultive 
violence (20.9%) and that the traumatic event most often reported as the precipitat-
ing event among people with PTSD was unexpected death of a loved one (31% of 
all PTSD cases), which was experienced by 60% of the sample and associated with 
a moderate risk of PTSD (14.3%). After controlling for type of trauma, women were 
at higher risk of PTSD than men [42]. A later epidemiological study in 1698 young 
adults (mean age 21 years) in a mid-Atlantic city in the USA also found that females 
had a higher risk of PTSD after assaultive violence, but not after other traumas, 
compared with men (OR 4.0, 95% CI 2.0–8.3) [35].

 Orthodox Treatment of PTSD

Treatment largely falls into two categories: psychological treatments and pharma-
ceutical treatments. There are drawbacks with both treatment strategies, and a need 
for other therapies that address the pathophysiology as well as the symptoms associ-
ated with PTSD.

 Psychological Treatments

Several types of psychological therapies for PTSD exist including:

• Trauma-focused cognitive behavioral therapy (TF-CBT): a variant of CBT which 
includes several techniques to help the person overcome a traumatic event. TF- 
CBT helps the person come to terms with a trauma through exposure to memo-
ries of the event. It combines cognitive therapy which aims to change the way a 
person thinks and behavioral therapy which aims to change the way a person 
acts [43].

• Eye movement desensitization and reprocessing (EMDR): aims to help a person 
reprocess memories of a traumatic event. In this therapy, trauma-related images, 
beliefs, and body sensations are brought to mind while the therapist guides eye 
movements from side to side. The aim is to identify more positive views with the 
aim of replacing the ones causing the problems [43].

• Exposure therapy: is a form of extinction learning; patients are repeatedly 
exposed to gradually increasing trauma-related stimuli to promote fear inhibition 
and tolerate the stimuli without suffering extreme fear [8].
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The 2018 UK National Institute for Health and Care Excellence (NICE) 
Guidelines for PTSD recommend individual TF-CBT and, if they don’t respond to 
that after TF-CBT, EMDR for children and young people aged 7–17 years as ther-
apy, but do not recommend psychologically focused debriefing for prevention or 
treatment of PTSD (they actively recommend not offering it). For adults, other 
forms of therapy recommended include cognitive processing therapy, cognitive 
therapy for PTSD, narrative exposure therapy, prolonged exposure therapy, comput-
erized TF-CBT, and EDMR [44].

A Cochrane systematic review of 70 studies (4761 people) found support for the 
efficacy of individual TF-CBT, EMDR, non-TF-CBT, and group TF-CBT in the 
treatment of chronic PTSD in adults, and also found that other non-trauma-focused 
psychological therapies did not reduce PTSD symptoms as significantly. The study 
found that individual TF-CBT, EMDR, and non-TF-CBT are equally effective 
immediately posttreatment in the treatment of PTSD, and some evidence that 
TF-CBT and EMDR are superior to non-TF-CBT between 1 and 4 months follow-
ing treatment [43].

A major problem with therapy-based interventions is the high dropout rate 
(38.5% in one study of veterans) [45, 46].

 Pharmaceutical Interventions

According to the US 2010 Veterans Affairs (VA)/Department of Defense Guidelines, 
psychotherapy and pharmacotherapy with selective serotonin reuptake inhibitors 
(SSRIs) or serotonin and norepinephrine reuptake inhibitors are considered first- 
line treatment [21]. Other agents include venlafaxine, prazosin, monoamine oxidase 
inhibitors, tricyclic antidepressants, atypical antipsychotics, and anticonvulsants 
[47, 48].

The efficacy of recommended first- and second-line pharmaceutical agents used 
either alone or in combination to treat symptoms of PTSD, including nightmares, is 
often limited for many patients [29]. For example, to target the neurotransmitter 
imbalance, antidepressants are recommended to treat PTSD, but the number needed 
to treat (NNT) for a response is up to nine patients [21]. Remission rates with phar-
macotherapy are 20–30% [21].

The 2009 American Psychiatric Association practice guidelines for the treatment 
of acute stress and PTSD note that pharmacotherapy is not as effective for combat- 
related trauma compared to civilian PTSD [49]. There is some evidence from a 
2006 Cochrane Review that war veterans are more resistant to pharmacotherapy 
than other patient groups, with regard to reduction in symptom severity [50].

The UK NICE Clinical Guidelines for PTSD (2018) recommend not offering 
drug treatments including benzodiazepines to prevent PTSD in adults and suggest 
venlafaxine or a selective serotonin reuptake inhibitor (SSRI) should be considered 
in adults with PTSD if the person has a preference for drug treatment. It also sug-
gests that antipsychotics such as risperidone in addition to psychological therapies 
should be considered for management of symptoms for adults with a diagnosis of 
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PTSD if they have disabling symptoms and signs, e.g., severe hyperarousal, or psy-
chotic symptoms and their symptoms have not responded to other drug or psycho-
logical therapies [44].

Nonetheless, the Cochrane Review of pharmaceutical therapy for PTSD con-
ducted in 2006 found support for some pharmaceuticals in the treatment of PTSD, 
though it was unable to demonstrate superior efficacy or acceptability for any par-
ticular drug class. The review included 35 short-term (14 weeks or less) RCTs (4597 
participants). Symptom severity for 17 RCTs was significantly reduced in the medi-
cation groups compared to placebo (weighted mean difference –5.76, 95% CI –8.16 
to −3.36, n = 2507 participants), and statistics for responder status (n = 13 RCTs) 
demonstrated overall superiority of a variety of pharmaceuticals over placebo (RR 
1.49, 95% CI 1.28–1.73, NNT = 4.85, 95% CI 3.85 to 6.25, n = 1272) [50]. A later 
review published in 2012 stated that the largest body of evidence for short-term and 
long-term efficacy exists for SSRI, with venlafaxine (selective NA reuptake inhibi-
tor) and risperidone (atypical antipsychotic) appearing promising, but that evidence 
for effectiveness of benzodiazepines was lacking despite their continued use. It also 
concluded that the α1-antagonist prazosin and the atypical antipsychotics demon-
strate some efficacy for treatment-resistant PTSD [51].

The problem with pharmaceutical options is not just lack of efficacy for many 
patients but also the potential for side effects, some very serious. The negative 
impact of nightmares and side effects of psychotherapeutic medications may poten-
tiate other symptoms of PTSD, such as those related to anxiety and depression, and 
other comorbid psychiatric conditions may also worsen [29]. SSRIs have been 
found to potentiate suicide ideation [52]. In addition, since PTSD patients are often 
prescribed more than one pharmaceutical, potential side effects associated with 
polypharmacy are also an issue [29].

Thus, given that neither psychological-based nor pharmaceutical therapies are 
particularly successful in treating PTSD, there is a need for other therapeutic 
options. Medicinal cannabis could, perhaps, be one of them.

 Pathophysiology of PTSD

The pathophysiology of PTSD can involve distinct genetic, endocrine, demo-
graphic, and environmental factors, and these are not all shared by all PTSD patients 
[53]. Chronic stress can interact with the pathophysiology of PTSD [54, 55], and 
anxiety is also a feature, so any discussion of pathophysiology must be inclusive of 
an understanding of the effects of chronic stress and anxiety on the individual.

As mentioned previously, PTSD is viewed as an anxiety disorder which is char-
acterized by inappropriate persistent and uncontrolled retrieval of traumatic memo-
ries [9], as well as a paradoxical disorder of memory [10]. Its pathophysiology is 
complex and involves maladapted memory processes, including inability to extin-
guish learned fear responses and suppress episodic traumatic memory retrieval, as 
well as inability to acquire safety signals and/or dampen the over- consolidation 
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process that occurs straight after re-experiencing of symptoms (e.g., as occurs in 
flashbacks) [56].

There are many neurophysiological disturbances involved in addition to disor-
dered memory formation, including a dysregulated stress response and HPA-axis 
dysfunction, inflammation, brain morphological and functional changes in brain 
regions associated with emotion regulation and memory formation, and genetic and 
epigenetic factors. What follows is only some of the research in relation to these 
factors, so that the reader may gain an understanding of the complexity of its 
pathology.

 PTSD as a Disorder of Memory

PTSD is seen by many as a “paradoxical disorder” of memory since it involves 
intrusive memory recollection of some aspects as well as amnesia for other aspects 
of the traumatic event [10, 12]. There are several processes involved in memory 
occurring in PTSD, and these involve the acquisition, consolidation, retrieval, 
reconsolidation, and extinction of aversive fear memories [57].

Feeling afraid is a natural response to a threat. It triggers physiological changes 
in the body to defend oneself or get away from the perceived threat, the classic 
“fight or flight” response. Memories that are characterized by strong emotional 
salience or significance tend to be well-consolidated memories which are often 
retrieved from the brain and from an evolutionary perspective; this makes sense in 
terms of a survival instinct since you want to quickly remember a threat and be able 
to react. However, in PTSD, as we explain below, this process is maladapted [58].

Early research demonstrated that learned material is vulnerable to interference 
for some time after learning (termed “retroactive interference”). Memory consolida-
tion is the process by which a temporary, unstable memory is transformed into a 
more stable, enduring memory [59]. The consolidation phase of memory appears to 
be particularly important in PTSD and may be amenable to therapeutic interven-
tion [60].

In animal research into PTSD, the fear-conditioning paradigm has been used to 
understand the processes of acquisition, consolidation, retrieval, reconsolidation, 
and extinction of aversive memories. The expression of anxiety and fear in humans 
is approximated by the expression of conditioned fear in animals [57]. Animal 
research into PTSD and anxiety-related disorders is more easily translated into 
humans than for other mental health conditions because the neural circuitry modu-
lating fear, which includes the key brain regions of the amygdala, prefrontal cortex, 
and hippocampus, is conserved across mammals [17].

In contextual fear conditioning, the term acquisition is the pairing of a shock and 
the context, while consolidation refers to the stabilization of the fear association 
into long-term memory [61].

Retrieval is the use of the fear memory and is dynamic in that it can trigger fur-
ther rounds of processing. This processing can include reconsolidation and extinc-
tion, both of which rely on distinct signaling mechanisms and protein synthesis [61].
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In the process of reconsolidation, retrieval activates a time interval during which the 
original memory becomes unstable and is restabilized, which preserves the memory for 
context [61]. Extinction is the process of learned inhibition of retrieval of previously 
acquired responses (a process initiated and maintained by interactions between the hip-
pocampus, basolateral amygdala and ventromedial prefrontal cortex) [62].

Fear extinction learning is an active process by which a conditioned fear response 
gradually decreases over time as the individual learns to dissociate a response from 
the stimulus, thereby reducing contextual memory [61, 63, 64]. In fear extinction 
learning, the previously aversive stimulus/situation is learned to be no longer threat-
ening, and it occurs through many experiences in which the stimulus or situation is 
not paired or linked with an aversive outcome [65]. In animal studies, the condi-
tioned stimulus is presented alone for several trials until the conditioned response is 
reduced or eliminated [66, 67].

Extinction is an active learning process or a process of layering (but it is not 
accelerated forgetting or a process of unlearning) in which the original association 
is believed to remain only partially intact in PTSD [61, 65, 67]. Three different 
mechanisms of action have been proposed to explain the phenomenon of extinction: 
(1) a new inhibitory memory is formed, competing with the original fear memory 
(involves associative learning); (2) changes in synaptic efficacy induced during fear 
conditioning weaken the original fear memory (also involves associative learning); 
and (3) a nonassociative process in which responsiveness to the presentation of the 
non-reinforced conditioned stimulus becomes decreased by habituation [68].

Fear extinction recall is the retrieval and expression of the learned “extinction 
memory” after a delay [63]. It is the ability to retain fear extinction learning over a 
prolonged time period. If the fear memory resurfaces, the extinction memory has to 
be learned again [65]. Fear extinction recall is believed to aid recovery from a psy-
chologically traumatic event [63].

 The Necessity of Sleep for Memory Processes
Sleep is important for memory formation. It is during sleep in particular that the 
unstable memory traces become reorganized into long-term storage (though it also 
occurs when an individual is awake). It seems that during sleep, hippocampal- cortical 
firing patterns representing the stored memory during waking states get played back 
to the cortex during sleep, and this strengthens the cortico-cortical associations, 
thereby integrating it into existing cortical memory circuits [60]. Therefore, if some-
one is not sleeping properly, one can understand some of the ramifications in terms 
of brain physiology. Insomnia or sleep disorders are very common in PTSD.

With respect to emotional memory, the process of memory consolidation helps 
to reduce the affective tone of the memory trace (i.e., depotentiate it) and integrate 
it into conceptualized networks, solidifying the factual aspect of the memory trace 
[69]. Certain stress hormones (e.g., cortisol) and neurotransmitters (e.g., norepi-
nephrine) acting at the amygdala appear to modulate the hippocampal-cortical 
transfer and decouple emotion and memory [70].

Animal studies have shown that retention of emotionally aversive memories over 
neutral memories is regulated by glucocorticoids during memory consolidation, 
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causing a gradual reorganization of emotional memory traces [70]. In human stud-
ies cortisol enhanced the difference between emotional and neutral consolidated 
memories, preferencing emotional memory consolidation, and reduced amygdala 
reactivity, supporting theories of emotional depotentiation following consolidation 
during normal sleep [70].

 Maladaptive Memory Processing in PTSD
Three main types of symptoms are relevant to PTSD: persistent re-experiencing of 
the trauma, persistent symptoms of hyperarousal, and persistent avoidance of stim-
uli associated with the trauma, as well as forgetting important aspects of the trauma. 
Such symptoms are reflective of excessive retrieval of traumatic memories that 
become consolidated, solidifying the traumatic memory trace. The memory retains 
vividness and can evoke distress for many years [58].

This suggests that three phases of memory processing are maladaptive: (1) con-
solidation, (2) extinction, and (3) retrieval.

Memory Consolidation Fails in PTSD
Why is any of the previous information important to know? Van Marle [60] describes 
this in detail and what follows is a summary. It seems that in PTSD, the process of 
memory consolidation fails. The traumatic memory trace remains mainly in subcor-
tical and primary perceptual areas rather than being integrated into cortical memory 
networks, and consequently stays linked/coupled to autonomic and perceptual 
markers. Then, when an individual is exposed to a (trauma) trigger, the result is an 
involuntary retrieved memory trace made up of mostly primary sensory information 
(e.g., images, sounds, aromas) that are linked to physiological fear symptoms [60, 
71]. Since there is no autobiographical context, the memory is relived, with charac-
teristic PTSD symptoms occurring (e.g., flashbacks, nightmares, hyperarousal, and 
so on). Fundamentally it appears that a lack of consolidation and emotional depo-
tentiation of traumatic memories underpins PTSD and that successful transfer to 
preexistent, cortical memory circuits could reduce the symptoms [60].

Fear Learning and Fear Conditioning in PTSD
PTSD symptoms include persistent autonomic re-experiencing of the trauma, avoid-
ance of trauma-related stimuli, and hyperarousal. These symptoms are believed 
partly to reflect a patient’s inability to inhibit “conditioned fear,” most notably dur-
ing symptoms of re-experiencing [8].

PTSD involves learned fear which may persist for decades: abnormally high 
psychophysiological conditioned responses to reminders of traumatic events can 
persist up to 50 years after the traumatic event [63]. When fear is acquired during a 
traumatic event, fear learning occurs where an association between a fear stimulus 
and situation that occurs at the time of the trauma is maintained through a process 
of associative learning. In this process, a past trauma triggers fearful responses to 
what should be a benign stimulus or situation. This fear learning contributes to most 
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of the symptoms associated with PTSD such as intrusive memories, hyperarousal, 
and avoidance behaviors [65].

PTSD Is Associated with Deficits in Fear Extinction Learning and Fear 
Extinction Recall
In PTSD, it is believed that there is a deficit in fear extinction learning and/or a defi-
cit in retention of extinction learning (fear extinction recall) underlying the inability 
to recover from the effects of a trauma [63, 65, 66]. Those with PTSD show poorer 
fear extinction learning and fear extinction recall than healthy subjects [63, 66, 72]. 
Animal studies support this, indicating that repeated stress can enhance fear memo-
ries and impair recall of extinction [54, 55, 73].

Research was conducted in 14 pairs of Vietnam War veteran monozygotic twins, 
discordant for combat exposure (in 7 pairs, the combat-exposed twin had PTSD). 
When extinction retention was assessed, they found that skin conductance responses 
were higher in the PTSD combat veterans than in their co-twins and higher than in 
non-PTSD combat veterans and their co-twins. This demonstrated that retention of 
extinction is deficient in PTSD and supports the conclusion that this deficit is 
acquired as a result of combat stress leading to PTSD (rather than being a predispos-
ing factor to PTSD development following stress encountered through combat) [66].

Reduced fear extinction learning prior to trauma exposure is correlated with 
severity of PTSD symptoms [74]. A study prospectively tested whether reduced 
capability of extinction learning might be a predictor for later development of 
PTSD. They tested 249 Dutch soldiers before a 4-month deployment to Afghanistan 
administering a conditioning task, then after returning home, PTSD level was mea-
sured. They found that reduced extinction learning prior to deployment predicted 
the PTSD severity, also suggesting that reduced extinction learning has a role in 
development of PTSD [74].

Other Aspects of Memory Involved in PTSD
There are several aspects of memory and cognitive processing that may play a role 
in the development or maintenance of PTSD including verbal memory deficits, 
over-general memory, suppression of memories, avoidance of memories, negative 
interpretation of memory symptoms and negative conceptual knowledge of self, 
integration of trauma with identity, impairment in retrieval of voluntary trauma 
memories, and increased flashbacks [71].

Many theories about PTSD suggest that those who develop the disorder have a 
greater propensity to consolidate or recall emotionally laden memories. Other defi-
cits such as impaired physiological habituation and pathological sensitization may 
also contribute to delayed onset of PTSD which can lead to the re-experiencing of 
trauma via flashbacks and nightmares, and development of avoidance of situations 
that might trigger symptoms [75].

Pathophysiology of PTSD



266

 Brain Morphological and Neurophysiological Functioning 
Changes in PTSD

There are several areas of the brain relevant to fear and memory that are implicated 
in PTSD which include the amygdala and hippocampus (both of which participate 
in early stages of memory formation and retrieval of inhibitory avoidance), and the 
prefrontal cortex (PFC) [76, 77] . Both posterior and anterior regions of the hippo-
campus are involved, with the posterior hippocampus playing an important role in 
memory retrieval and spatial cognition and the anterior hippocampus involved in 
emotional memory and reward-directed behaviour [77]. Compared with the poste-
rior region, the anterior region of the hippocampus appears preferentially associated 
with the amygdala, the HPA axis, and the limbic prefrontal circuitry [77]. Other 
brain regions involved in PTSD include the bed nucleus of the stria terminalis 
(BNST) which provides an interface between the affective forebrain (amygdala, 
ventral hippocampus, medial PFC) and the hypothalamic and brainstem areas. This 
area has been implicated in neuroendocrine, autonomic, and behavioral responses to 
threats, both actual and anticipated [78]. 

The amygdala regulates learned fear, and the basolateral amygdala (BLA) is 
involved in the acquisition of extinction in particular [17, 79]. The PFC and hippo-
campus have dense connections to the amygdala, and these connections appear to 
be important for learned/conditioned fear as well as associative emotional learning. 
The PFC reactivates past emotional associations, while the hippocampus plays a 
role in explicit memories of trauma, facilitating learned responses to contextual 
cues and contextual modulation of extinction, and both these structures exert top- 
down control of the amygdala which may increase activation of the latter, some-
thing seen in PTSD sufferers [17, 80].

Other brain regions involved in PTSD include the anterior cingulate gyrus, orbi-
tofrontal cortex, parahippocampal gyrus, sensorimotor cortex, and thalamus [17]. 
Recent research also suggests that a relatively unknown region of the brain, the zona 
incerta, might hold the key to understanding how we control our fear [81].

 Changes in Brain Morphology and Function in PTSD
Changes in brain structure and function have been found in key brain regions asso-
ciated with PTSD, including increased activity in the amygdala (fear center of the 
brain), decreased volume in the PFC (executive function of the brain), and decreased 
volume in the hippocampus (memory center of the brain), which lead to an increase 
in fear response, generalized fear responses, increased stress sensitivity, impaired 
fear extinction, and the symptoms associated with PTSD [17, 21, 76]. Such changes 
in brain morphology are suggestive of long-term neuroplastic changes in these brain 
regions involved in emotional memory processing.

For example, compared with healthy youths, youths with PTSD symptoms (but 
not full-blown PTSD) had less total brain tissue and lower total cerebral gray matter 
volumes, with a particular decrease in left ventral inferior prefrontal areas [82]. 
Imaging studies have shown aberrant white matter integrity in the major neuronal 
tract that connects the ACC with the amygdala—the cingulum bundle—which may 

7 Post-Traumatic Stress Disorder



267

be responsible for impaired inhibitory interaction between the PFC and amygdala 
found in PTSD [83, 84].

These three brain regions (amygdala, ventral medial PFC (vmPFC), and hippo-
campus) are involved in fear extinction whereby fear extinction memories are formed 
through a neural circuit involving these three structures. The amygdala receives pro-
jections from the PFC and the hippocampus [17]. Inhibitory signals from the vmPFC 
attenuate signals from the amygdala. As we learned earlier, in the development of 
these new fear extinction memories, as with any memory, there is a gradual change 
from initial memory storage in the hippocampus to the neocortex. So, in extinction 
learning, the contextual information associated with fear learning that is stored in the 
hippocampus must be overridden [65]. Studies using MRIs indicate that fear extinc-
tion is greater with increased volume and activity of the vmPFC [63] and that cortisol 
and cortisol reactivity are also critical [85, 86]. Cortisol has been found to reduce fear 
recall at the beginning of extinction and facilitate consolidation of an extinction 
memory, exerting a critical effect on the amygdala-hippocampus-vmPFC network 
underlying fear and extinction memories [85]. The problem is that with PTSD, suf-
ferers tend to have lower levels of cortisol and hypoactive vmPFCs (and hippocampi) 
[63], discussed in more detail in the next sections.

Table 7.2 sets out key brain areas and their functions, and some of the changes 
that may occur in PTSD.

Table 7.2 Key brain regions involved in PTSD

Brain region Purpose/function Changes in PTSD
Amygdala Acquisition and extinction of 

conditioned fear; associative 
learning; detecting threats; role 
in fear learning, fear 
expression, and heightening 
memory for emotional events

Increased responsiveness to traumatic and 
emotional stimuli;
amygdala hyperfunction related to 
hypoactivity of the vmPFC; impaired 
inhibition of amygdala by the PFC during 
extinction learning

Prefrontal cortex 
(PFC)

Emotional regulation Decreased gray and white matter density; 
decreased responsiveness to trauma and 
emotional stimuli; medial PFC is smaller 
in volume and hyporesponsive during 
symptomatic states; impaired inhibition of 
amygdala by PFC during extinction 
learning

Hippocampus Conditioned fear, associative 
learning

Increased responsiveness to traumatic and 
emotional stimuli; smaller volumes and 
decreased neuronal and functional 
integrity of the hippocampus associated 
with PTSD

Parahippocampus Important for memory 
encoding and retrieval

Shows stronger connectivity with medial 
PFC; decreased volume

Anterior cingulate 
gyrus

Autonomic functions, 
cognition

Decreased volume; higher resting 
metabolic activity

Thalamus Sensory relay station Decreased cerebral blood flow
Sensorimotor 
cortex

Coordination of sensory and 
motor functions

Symptom provocation results in increased 
activation

Orbitofrontal 
cortex

Executive function Decreased volume

Mahan and Ressler [17], Shin et al. [87], Hill et al. [75], Shin et al. [88], Pitman et al. [84]
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Prefrontal Cortex
In PTSD, the medial PFC is smaller in volume and hyporesponsive during symp-
tomatic states and during the performance of emotional cognitive tasks, and respon-
sivity is inversely associated with PTSD severity [88]. Two subregions of the PFC 
are involved: the vmPFC and dorsal anterior cingulate cortex (dACC). The dACC 
appears hyperactive in PTSD, while most (but not all) studies have shown the 
vmPFC to be hypoactive in PTSD [63]. A promising finding, however, is that the 
hypoactivity of the PFC appears amenable to therapy: in an Australian study of 
civilian trauma victims, exposure-based therapy was associated with an increase in 
PFC activity and a decrease in amygdala activity [89].

Amygdala
The amygdala plays a key role in detecting threats as well as fear learning, fear 
expression, and heightening memory for emotional events [84]. In PTSD, there 
appears to be:

• Amygdala hyperfunction which is related to hypoactivity of the vmPFC
• Impaired inhibition of the amygdala by the PFC during extinction learning 

[75, 87]

The coupling of the amygdala and vmPFC, both structurally and functionally, is 
important for regulation of emotions, and impairment of this coupling is found in 
PTSD and anxiety [75, 90].

Human functional MRI studies indicate the amygdala plays an important role in 
acquisition and extinction of conditioned fear, with greater amygdala activation dur-
ing acquisition of conditioned fear [84]. The vmPFC (subgenual anterior cingulate) 
plays a key role in retention of extinction learning [67]. Amygdala hyperfunction 
has been found in patients with PTSD [88], demonstrating exaggerated activity of 
the amygdala in response to trauma-related stimuli and generic stimuli compared to 
healthy controls [91, 92]. In a study of war veterans with PTSD, combat control 
subjects, and healthy normal controls, exposure to combat sounds led to activation 
for all groups in the anterior cingulate/middle prefrontal gyrus, but activation in the 
left amygdala/nucleus accumbens only occurred in the PTSD patients [92]. Other 
neuroimaging studies have demonstrated increased amygdala responsivity in PTSD 
patients during symptomatic states and processing of trauma-unrelated affective 
information, with responsivity positively associated with symptom severity [84, 88].

One of the neurobiological mechanisms underlying PTSD is impaired inhibition 
of the amygdala by the PFC during extinction learning [8]. MRI studies in PTSD 
sufferers have shown greater amygdala activation (fear center) in a PTSD group 
during extinction learning. During extinction recall, in the PTSD group, there was 
lesser activation in the hippocampus (memory center) and vmPFC, and greater acti-
vation in the dACC, supporting the idea that fear extinction is impaired in PTSD and 
that dysfunctional activation in various brain structures that mediate fear extinction 
and fear extinction recall underlie the impairment of fear extinction [63].
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Hippocampus
Evidence points to smaller volumes and decreased neuronal and functional integrity 
of the hippocampus in PTSD [88]. Several studies have found smaller volumes in 
the hippocampus of veterans [93, 94], adult survivors of childhood abuse with 
PTSD [95], traumatized police officers [96] and women with a history of sexual 
abuse [97], with reductions in hippocampal volume ranging between 5% and 26% 
[94]. This suggests that structural changes in the hippocampus may be evidence of 
neuroanatomical changes associated with PTSD [98]. Other studies indicate that 
hippocampus activity is lower in PTSD sufferers than healthy normal people during 
extinction recall [63].

Not all studies in female survivors of domestic abuse with PTSD have shown 
such changes though. One study did not find smaller hippocampi; however, it did 
find lower volumes in the supratentorial cranial vaults, and lower frontal and occipi-
tal gray matter volumes compared with controls. The supratentorial cranial vault 
volume was inversely correlated with severity of childhood physical abuse but not 
with PTSD severity or intimate partner violence. The cerebral abnormalities were 
thought to be possibly reflective of the influence of early trauma on neurodevelop-
ment or, alternatively, could reflect risk for psychosocial adversity [98].

There is a “chicken-and-egg” argument in the literature as to whether the smaller 
hippocampal volume is a risk factor for PTSD or a result of PTSD [84]. A study of 
identical twins discordant for combat exposure found that the combat-unexposed 
non-PTSD twin had hippocampal volumes that were similar to their co-twins with 
PTSD and these were lower than combat veterans without PTSD or their combat- 
unexposed co-twins, suggesting that smaller hippocampal volume may be a risk 
factor (pre-trauma) for later development of PTSD [99].

For a very deep dive into the neuroanatomical changes, see Pitman et al. [84].

Locus Coeruleus
Postmortem evidence also suggests there are noradrenergic abnormalities in the 
form of decreased cell numbers in the locus coeruleus (an area in the pons of the 
brainstem) associated with PTSD [100].

A New Player on the Block: The Zona Incerta
An area of the brain named the zona incerta (translation “unknown zone”) is a small 
region located below the thalamus and above the brainstem and is hard to distin-
guish from surrounding brain regions. It contains many different types of neurons 
(including a group of dopamine-producing cells which may be relevant to 
Parkinson’s disease, as an aside). This region is understood to be involved in learn-
ing, memory, and cognition, and recent research suggests it may play a critical role 
in how we learn to control fear, as it appears to be involved in how we learn to put 
stressful memories aside [81]. It receives input from the amygdala (where emo-
tional memories such as fear are formed), and projects to areas involved in expres-
sion of fear including the periaqueductal gray region (in the midbrain), which 
suggests that the zona incerta might be involved in modulating whether a fear mem-
ory is expressed and causes a physical stress response, or whether it is inhibited or 
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controlled. A study in mice using chemogenetics to control neurons in the zona 
incerta investigated how mice learned to suppress a fear that is no longer real. They 
found that by activating certain neurons, it was easier for the mice to suppress a 
learned fear and relearn and remember that the prior threat is now safe [81]. Research 
from this group at the University of Melbourne and the Florey Institute of 
Neuroscience and Mental Health will be one to watch.

 Dysregulation of the Stress Response, HPA-Axis Dysfunction, 
and Inflammation

The hypothalamic–pituitary–adrenal (HPA) axis and the sympathetic nervous sys-
tem (SNS) are responsible for our response and adaptation to stress [101]. A dys-
regulation of neurotransmitters occurs in PTSD, resulting in failure of the stress 
response system to react, adapt, and recover from a situation. In addition to increased 
norepinephrine and increased corticotropin-releasing hormone, decreased serotonin 
and increased glutamate can also contribute to physical, mental, and emotional 
symptoms associated with PTSD [75, 102]. Hyperactivity of noradrenaline is known 
to contribute to the hyperarousal symptoms associated with the disorder [65, 
84]. Animal and clinical studies implicate Neuropeptide Y (NPY) in the pathophysi-
ology of PTSD. NPY a widely distributed neuropeptide in the brain, and is involved 
in many physiological functions. It is a stress regulatory transmitter of relevance to 
PTSD, being  abundant in the forebrain limbic and brainstem areas that regulate 
stress and emotional behaviors [101]. Animals studies demonstrate that NPY plays 
roles in autonomic regulation, stress responses, fear and anxiety, whilst genetic 
studies suggest NPY polymorphisms are associated with stress coping. Studies have 
also found lower concentrations of NPY in cerebrospinal fluid of combat veterans 
with PTSD [101]. NPY is also involved in pain, depression, addiction, and metabo-
lism, all of relevance to PTSD comorbidities [101]. There is evidence that NPY 
regulates the HPA axis and the sympathetic nervous system (SNS) [101].

PTSD symptoms are maintained by a combination of a dysregulated stress 
response and maladaptive memory processes due to the stress caused by a traumatic 
event [65]. During the trauma, excessive amounts of stress hormones including cor-
tisol and noradrenaline are released, and this assigns emotional connection or 
importance to the traumatic event. Subsequently, this leads to an over-consolidation 
of the trauma and the context/environment in which it occurred, as emotional expe-
riences are preferentially consolidated into long-term memory. However, as Ney 
et al. [65] explain, in PTSD this process is distorted and occurs at an extreme level, 
potentially due, at least in part, to the excessive hormones [84]. Over-consolidated 
trauma memories are poorly contextualized and fractured, and then return as intru-
sive memories, continuing to haunt the PTSD sufferer [65, 71, 84, 103]. 

For a good overview of the biological responses in PTSD, readers are referred to 
Ney et al. [65] and Pitman et al. [84].
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 Sympathetic Nervous System Reactivity
The autonomic stress response (detailed in Chap. 3) has been shown to be altered in 
PTSD with associations between increased sympathetic nervous system (SNS) 
reactivity and increased trauma-associated arousal demonstrated, so much so that 
this association serves as part of the diagnostic criteria for PTSD [104]. Increased 
heart rate and blood pressure responses and greater decreases in heart rate variabil-
ity (HRV) have been found in PTSD sufferers compared to healthy controls in 
response to exposure to various trauma stimuli in several studies [104–106].

 HPA-Axis Dysregulation
There is much evidence that the HPA axis is dysregulated in PTSD. During trauma, 
there is a cortisol surge followed by an HPA-axis dysfunction. Over time, this leads 
to a decreased baseline cortisol level, an increase in the negative feedback, and 
resultant hyperarousal and hypervigilance [21]. Chronic noradrenergic hyperactiv-
ity found in PTSD patients is also thought to contribute to the hyperarousal symp-
toms of PTSD [65]. There is evidence that Neuropeptide Y (mentioned previously) 
is involved in regulation of the HPA Axis. The NPY acts directly on the HPA axis, 
and also acts like a ‘physiological brake’ to counteract and regulate stress transmit-
ters like norepinephrine (NE) and corticotropin releasing hormone (CRH), relevant 
to PTSD [101].

PTSD, Reduced Cortisol Levels, and Reduced Cortisol Reactivity to Stress
Studies have demonstrated that a significant percentage of PTSD sufferers have 
chronically depressed cortisol levels due to the negative feedback of the HPA axis 
[65, 107] and that decreased levels of cortisol are associated with greater risk of 
PTSD non-remission [53]. Thus, cortisol provides a predictive biomarker for 
PTSD [53].

A study in female survivors of domestic violence found that those with PTSD, 
regardless of whether there was comorbid depression or not, had significantly lower 
baseline cortisol levels at 9.00 am compared with healthy subjects or trauma survi-
vors without PTSD. Women with PTSD demonstrated significantly greater cortisol 
suppression to dexamethasone challenge (this being used to assess HPA-axis func-
tioning) compared with healthy subjects or those with PTSD plus depression, lead-
ing to the conclusion that HPA axis is severely dysregulated in PTSD [107]. 
However, while other studies of PTSD sufferers have also found lower 24-h urinary 
cortisol excretion, some have found higher cortisol excretion, and this could reflect 
the nature of the trauma, comorbidities, and gender [107]. Survivors of domestic 
violence tend to have repeated traumas which may be different to someone suffering 
a one-off traumatic event, for example.

PTSD sufferers have decreased cortisol reactivity to stress [107] which is prob-
lematic as cortisol reactivity is critical for fear extinction learning [86]. Evidence 
points to a possible association between alterations in glucocorticoid receptor sen-
sitivity to cortisol and PTSD, with greater receptor sensitivity resulting in enhanced 
negative feedback and therefore reduced levels of circulating cortisol [108].
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It is not known definitively if reduced glucocorticoids are a cause or effect of 
PTSD or whether they are reflective of early adverse experiences impacting HPA- 
axis function [75, 109]. Altered cortisol levels may reflect changes in regulatory 
components of the HPA axis, including FKBP5 which is a “chaperone protein” for 
the glucocorticoid receptor; polymorphisms of FKBP5 have been found to be asso-
ciated with risk of PTSD [75, 110].

The primary malfunction may circle back to the ECS in that CB1 receptors and 
corticotropin-releasing factor (CRF)-containing afferents  have been found co- 
located in the (noradrenergic) nucleus locus coeruleus (LC) (in both the core and 
peri-LC areas). CRF is critically involved in mediation of the stress-induced activa-
tion of noradrenergic neurons in the nucleus LC. The nucleus LC appears to be the 
stress switchboard of the brain linking pro-stress and anti-stress circuitry from the 
amygdala, PFC, stria terminalis, and the paraventricular nucleus of the hypothala-
mus. This includes CB1 receptors, CRF, and GABA synapses. The initial cortisol 
surge stimulates endocannabinoid production then activating CB1 receptors on pre-
synaptic glutamatergic neurons in the paraventricular nucleus (PVN), thereby 
decreasing CRF release from the hypothalamus. However, chronic CB1 receptor 
activation might cause a disinhibition of GABAergic neurons in the bed nucleus of 
the stria terminalis (BNST). The stria terminalis then loops back to the PVN, ulti-
mately sustaining a decreased CRF [111].

 Synaptic Plasticity in PTSD

Both animal models of PTSD and neuroimaging studies in humans support the 
proposition that dysregulated synaptic plasticity may underlie PTSD. Synaptic plas-
ticity refers to changes occurring at a synapse with prolonged synaptic activity, and 
such changes can be morphological, functional/physiological, and molecular [17].

Research demonstrates that the BDNF-tyrosine kinase B (TrkB) pathway under-
lies synaptic plasticity and this has been implicated in PTSD. BDNF-TrkB signaling 
is required for different aspects of fear conditioning and extinction in the amygdala, 
the hippocampus, and the PFC.  For example, BDNF signaling in the amygdala 
plays a key role in synaptic plasticity events involved in consolidation and persis-
tence of fear memories, as well as being involved in different subregions of the PFC 
in retention and extinction of learned fear [17]. BDNF may mediate neural plasticity 
in two regions of the PFC with opposite effects—BDNF in the prelimbic region is 
required for fear memory formation and expression, and BDNF in the infralimbic 
region is needed for the inhibition/extinction of that fear. Experiments in mice 
where BDNF was removed from the hippocampus showed a marked decrease in 
extinction of conditioned fear (though no impairment of acquisition of fear condi-
tioning) which indicates normal hippocampal plasticity is needed for context- 
dependent extinction of conditioned fear. Thus, it seems that BNDF signaling is 
important in regulation of fear and emotion and could be a therapeutic target for 
enhancing extinction in PTSD [17].
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How the endocannabinoid system and indeed medicinal cannabis may poten-
tially modify BDNF signaling and synaptic plasticity bears consideration.

 Dysregulation of Neurotransmitters in PTSD: GABA 
and Glutamate

Mahan and Ressler [17] describe the various actions of GABA and glutamate. 
GABAergic inhibitory microcircuits, in particular in the amygdala, appear to be 
involved in the regulation of acquisition, consolidation, expression, and extinction 
of fear conditioning. Various experiments have demonstrated that GABAergic inac-
tivation of the amygdala, PFC, and parts of the striatum impairs aspects of condi-
tioned fear, and inactivation of the infralimbic cortex, BLA, and ventral hippocampus 
impairs fear extinction. Fear conditioning causes a reduction in GABAergic signal-
ing in the BLA, and experiments in which the a1 subunit of the GABAA receptor 
has been deleted resulted in enhanced auditory fear learning. In the amygdala, it was 
originally thought that the BLA was involved in associative learning and the central 
nucleus of the amygdala (CEA) involved in controlling expression of fear, but it is 
now known that the CEA plays a role in fear acquisition too, with two distinct 
inhibitory GABAergic microcircuits in the CEA.

GABAergic signaling tightly controls fear conditioning and extinction, and glu-
tamate signaling also plays a role. Research in rats shows that glutamatergic cells in 
the BLA are activated after fear conditioning. Glutaminergic input to the BLA 
comes from the PFC, hippocampus, and sensory thalamic and cortical regions, and 
the BLA itself sends glutamatergic signals to the central nucleus of the amygdala 
(CEA) which is involved in regulating inhibitory GABAergic microcircuits. 
Glutamate acts on many ionotropic (e.g., NMDA, AMPA) and metabotropic recep-
tors (mGlu 1–8) which are involved in fear conditioning. The ionotropic glutamate 
receptors mediate synaptic plasticity in long-term fear memories. Fear conditioning 
activates NMDA receptors which contribute to synaptic plasticity in the amygdala 
via various mechanisms. The mGlu receptors mediate synaptic plasticity in the 
brain via G-protein signal transduction and are important for consolidation of fear 
conditioning and extinction. Activation of mGlu receptor 1-containing receptors in 
the BLA enhances fear learning, while mGlu receptor antagonists impair consolida-
tion and extinction of fear conditioning [17].

 Other Receptor-Ligand Systems Involved in PTSD

It is thought that many receptor-ligand systems are involved in modulation of fear 
conditioning, and these probably contribute to PTSD by modulating GABAergic 
and glutamatergic signaling. These include the endocannabinoid system (ECS), 
dopaminergic projections to the amygdala from the nucleus accumbens and ventral 
tegmental area, norepinephrine signaling (from the locus coeruleus), acetylcholine 

Pathophysiology of PTSD



274

(Ach), and nitric oxide synthase (NOS)-cGMP which all play roles in modulating 
synaptic plasticity and in consolidation and extinction of fear conditioning [17].

Mahan and Ressler conclude that the hope is that drugs may be able to be devel-
oped which can modulate such signaling pathways involved in fear conditioning 
and synaptic plasticity in the amygdala which could enhance extinction of inappro-
priate fear associations or perhaps even prevent development of these in the first 
place [17]. Given the role of the ECS as a retrograde neuromodulatory system, there 
seems potential for exploration of how medicinal cannabis and key phytocannabi-
noids might be able to impact on synaptic plasticity.

 Association Between PTSD and Inflammation

There is significant evidence in the literature that PTSD is associated with proin-
flammatory activation of the immune system. Veterans with PTSD suffer from dis-
eases such as autoimmune diseases, cardiovascular diseases, dementia, and 
inflammation that may contribute to accelerated aging [25]. When the etiology and 
pathogenesis of such diseases are considered, they all involve inflammation in some 
way. Interesting, in his book Lifespan David Sinclair has described aging itself as a 
disease [112].

Several cross-sectional studies provide evidence that inflammation is involved in 
PTSD, set out well in Neylan and O’Donovan’s review paper [25]. For example:

• A meta-analysis of 20 studies found that key inflammatory markers were raised 
and duration and severity of PTSD was positively associated with 1β-levels 
(p < 0.001) and IL-6 levels, respectively [113].

• A case-control study demonstrated a generalized proinflammatory pattern [114].
• A study in veterans found that increased inflammation was associated with cur-

rent PTSD but not PTSD in remission [115].

However, the “chicken-and-egg” question arises here too: are inflammatory fac-
tors predisposing risk factors and therefore involved in the etiology of PTSD or are 
they are a result of PTSD or both? A study in nurses suggests that increased inflam-
mation may be both a preexisting risk factor and effect of PTSD [25].

 Inflammation as Both a Pre-existing Risk Factor and a Result of PTSD
Nurses are another group of healthcare-workers who can suffer from PTSD [116]. 
Prevalence of PTSD in nurses was found to be 18% in a US study [117], but it was 
even greater in emergency department nurses (up to 82.96%) [118]. The Nurses’ 
Health Study II found women with PTSD have elevated inflammatory markers 
including C-Reactive Protein (CRP), Intercellular Adhesion Molecule 1 (ICAM-1) 
and Soluble Tumor Necrosis Factor Receptor II (sTNF-RII) [119, 120]. A key find-
ing was that women with new onset PTSD had increased levels of sTNF-RII and 
ICAM-1 prior to trauma exposure and development of PTSD [119] and also had 
greater increases in VCAM-1 between baseline and follow-up over 10–16  years 
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[120]. This suggests that increased inflammation may be both a pre-existing risk 
factor and a consequence of PTSD [25].

ICAM-1 and VCAM-1 play major roles maintaining intercellular barriers (tight 
junctions), but they also serve to bind leukocytes to endothelial cells and facilitate 
their transmigration into tissues. ICAM-1 is activated by the cytokines IL-1 and 
TNF-α [121]. Raised ICAM-1 is associated with several inflammatory and immune 
responses, including epithelial tumorigenesis in breast cancer [122], and raised lev-
els of VCAM-1 and ICAM-1 have been found to be associated with several diseases 
including atherosclerotic cardiovascular disease and renal disease [123]. On the 
other hand, activation of the endocannabinoid system may downregulate ICAM-1 
and associated pathology by reducing inflammatory cell attachment and migra-
tion [124].

 Relationship Between IL-6 and Noradrenergic Activity in PTSD
Since it is known that IL-6 secretion is suppressed by glucocorticoids and stimu-
lated by catecholamines, and PTSD sufferers have decreased cortisol and increased 
catecholamine secretion, a small study was conducted in PTSD sufferers to investi-
gate the relationship between interleukin-6 (IL-6) levels and HPA-axis and norad-
renergic activity. Cerebrospinal fluid (CSF) was removed and blood taken from 11 
combat veterans suffering PTSD and 8 age- and sex-matched healthy controls. 
Mean and median IL-6 concentrations in CSF were higher in PTSD patients than 
controls (mean 24.0 vs 14.6, p = 0.05 and median 26.7 vs 14.3, p < 0.03, respec-
tively), but plasma IL-6 levels were no different between groups. Plasma IL-6 and 
norepinephrine were positively correlated in the PTSD group but not in the healthy 
controls [125].

 Genetic (and Epigenetic) Factors

It appears that genetic variations in certain genes may play a part in risk of PTSD 
development [126]. We have previously met brain-derived neurotrophic factor 
(BDNF) in the previous chapter. A common single-nucleotide polymorphism (SNP) 
in the human BDNF gene results in a Val66Met substitution in the BDNF prodo-
main region. This SNP is associated with alterations in memory and with enhanced 
risk to develop depression and anxiety disorders in humans [127]. Met/Met carriers 
show increased medial temporal lobe activation during episodic and encoding 
retrieval tasks and greater activity in the amygdala and PFC during memory forma-
tion and retrieval, as well as impaired extinction learning (correlated to altered acti-
vation of the amygdala, PFC, and hippocampus [17]).

Variations in the gene coding for serotonin transporter (SERT, which is involved 
in serotonin transport and reuptake) including both long and short alleles have been 
found to be associated with increased PTSD risk. However, it appears that the envi-
ronment modifies this risk effect, with the short allele associated with decreased risk 
in a low-risk environment but increased risk in a high-risk environment [17].
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In addition, polymorphisms in the FK506-binding protein, a glucocorticoid 
chaperone protein, may contribute to increased sensitivity of the amygdala/HPA- 
axis response to stress. Neuropsin, a serine protease, is vital for stress-related plas-
ticity in the amygdala via regulation of EphB2-NDMA-receptor activation of 
FKBP5 expression [17].

Gene-specific methylation patterns may also potentially be associated with 
increased risk for as well as resilience to PTSD [128, 129]. Research provides some 
evidence to suggest that an external traumatic event can induce downstream changes 
in immune function by reducing methylation levels of immune-related genes, sug-
gesting a biological model of etiology of PTSD [18].

 The Endocannabinoid System and PTSD

The endocannabinoid system (ECS) is involved in regulation of stress, emotions, 
memory, and inflammation, and thus it stands to reason that the ECS may be altered 
in PTSD [130]. Indeed, we know that the ECS plays an important role in the control 
of emotions, and its dysregulation has been implicated in several psychiatric disor-
ders including anxiety and depression, as well as PTSD. When we consider PTSD, 
it is important to remember that it is a form of extreme, dysregulated anxiety, and 
depression is often comorbid with PTSD. Thus, what we learned in relation to anxi-
ety and depression in previous chapters is also relevant in PTSD.

In addition to a key role maintaining emotional homeostasis [131, 132], the 
ECS plays an important role in regulating memory [10, 133–135]. CB1 receptors 
and endocannabinoids are found in memory-related brain areas and are involved 
in the modulation of memory [134, 135]. In particular, the ECS may modulate the 
consolidation, retrieval, and extinction of durable memory traces [10, 133], and as 
we saw previously, these memory processes are relevant to PTSD, a disorder 
of memory.

Studies of the ECS support its importance for many aspects of brain function 
including the following, all of which are relevant to PTSD symptomatology: modu-
lation of the stress response and the HPA axis (stress response); regulation of mood, 
anxiety, and reward; and regulation of memory and extinction of fear learning [10, 
65, 136]. The ECS plays a protective role under adverse conditions: increased endo-
cannabinoid signaling which occurs during stress dampens development of anxiety 
and regulates encoding, retrieval, and extinction of traumatic memories [9]. 
Increasingly the literature demonstrates that there are alterations in ECS in patients 
with PTSD [9, 56, 137–140].

Activation of CB1 receptors in the amygdala can decrease anxiety, fear, and 
aversive memories, while activation of CB1 receptors in the PFC can increase sero-
tonin (one of our “happy hormones”) and reduce depression. Increased neurogene-
sis, mood and memory plus decreased hypervigilance, hyperarousal and intrusive 
memories, and cortisol normalization occur when CB1 receptors are agonized in the 
hippocampus. Meanwhile, stimulation of the limbic and paralimbic regions can 
result in amygdala and hypothalamus activity which may help regulate the HPA axis 
and cortisol, thereby reducing hypervigilance and hyperarousal [21].
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 The Endocannabinoid System Modulation of Stress Response

As we saw in Chap. 3, the ECS is involved in regulation of stress, both acute and 
chronic. Hillard argues that chronic variable stress reduces CB1 signaling and the 
resultant deficiency in endocannabinoid signaling may contribute to associated neg-
ative health outcomes, but on the other hand, repeated exposure to the same stress 
can actually sensitize CB1 receptor signaling which can lead to a dampening of the 
stress response [141].

It has been argued that in PTSD, the stress response is maladaptive and, conse-
quently, its symptoms including hyperarousal, poor sleep, and intrusive memories 
are facilitated by decreased endocannabinoid signaling [75]. AEA levels normally 
gate the stress response in a tonic manner via the HPA axis. Following acute stress, 
FAAH is activated and AEA levels rapidly decrease (remember FAAH hydrolyzes 
AEA), and the HPA-axis response is triggered. There is then an increase in gluco-
corticoids which mobilizes 2-AG, and this mediates a negative feedback loop, end-
ing the stress response [65]. Disruption of endocannabinoid/CB1 signaling activates 
the HPA axis [142, 143].

Hillard argues that CB1 receptor signaling is stress responsive and that maintain-
ing a healthy endocannabinoid/CB1 receptor signaling facilitates resilience against 
development of stress-related disorders [141]. Concentration of endocannabinoids 
and related N-acyl-ethanolamides (NAEs) in blood is higher in individuals who are 
more tolerant to stress, and lower in patients with depression [9, 144, 145]. Thus, 
nutritional approaches such as ensuring plenty of healthy omega-3 polyunsaturated 
fatty acids to support optimal functioning of the ECS, as well as a healthy diet that 
avoids proinflammatory foods including excessive amounts of omega-6 and 
omega-9 polyunsaturated fats, will be important.

Many preclinical and clinical studies support the role of the ECS in the modula-
tion of the stress response, and the ECS has been suggested as a possible therapeutic 
target to treat the severe stress associated with PTSD as well as the associated emo-
tional and cognitive dysfunctions [146]. For this reason, the ECS may be a potential 
therapeutic target which may address several elements involved in PTSD, namely, 
stress, anxiety, and memory [10].

 Chronic Mild Stress Alters 
Endocannabinoid-Mediated Neurotransmission
Chronic mild stress (CMS) is often used as an animal model of depression and leads 
to downregulation of CB1 receptors in male rat hippocampi [147]. In addition, it 
appears to sensitize CB1 function on GABAergic terminals and indirectly results in 
increased excitatory neurotransmission, rather than directly affecting glutaminergic 
neurotransmission [148], as described below.

CMS may not directly affect glutaminergic transmission but may sensitize CB1 
function on GABAergic terminals, resulting in less inhibition and therefore 
increased excitatory neurotransmission [148]. A rat study was conducted to investi-
gate how stress-induced change in CB1 receptors might affect endocannabinoid- 
mediated neurotransmission and found that CMS alters hippocampal 
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endocannabinoid-mediated neurotransmission and synaptic plasticity. Rats were 
exposed to CMS for 21 days, and in vitro field potential recordings were used to 
measure the effects of CMS on endocannabinoid-modulated glutaminergic neuro-
transmission in the hippocampal CA1 region of the rat brain. Application of a CB1 
agonist (WIN55,212-5) in rats exposed to CMS resulted in a 135% increase in excit-
atory (glutaminergic) neurotransmission, while CB1 activation in non-stressed rats 
leads to a 30% decrease in glutaminergic neurotransmission. Blockade of GABA 
transmission (GABA is an inhibitory neurotransmitter) was associated with a 35% 
decrease in glutaminergic neurotransmission in rats exposed to CMS [148].

 CB1 Signaling and the Amygdala Involved in Short- 
and Long- Term Fear Extinction

The ECS plays a key role in extinction of aversive memories (fear extinction), a 
process believed to be an active mnemonic process [135]. We gain information 
about the effects of CB1 receptor signaling in PTSD from animal experiments.

In one study, CB1-deficient (knockout) mice demonstrated impaired short- and 
long-term extinction in auditory fear-conditioning tests, but memory acquisition 
and consolidation were not affected. When normal (wild-type) mice were treated 
with a CB1 receptor antagonist, their behavior was similar to that of the CB1- 
deficient mice. The mice were trained to associate a tone with a foot shock (condi-
tioning) and consequently froze when re-exposed to the tone; the response was an 
indicator of aversive memory, which is gradually reduced and eliminated on 
repeated tone exposures. This process is highly dependent on the amygdala and 
allows the different phases of memory formation to be examined (i.e., acquisition, 
consolidation, extinction). The study found that acquisition and early consolidation 
processes of memory did not involve CB1 receptors, and the endocannabinoids 
were found to have little role in memory acquisition, consolidation, and recall; how-
ever, they were found to selectively interfere with extinction of the freezing response 
to the tone. Tone presentation during extinction trials caused elevated levels of AEA 
and 2-AG in the basolateral amygdala complex (which controls extinction of aver-
sive memories). In this brain region, endocannabinoids and CB1 receptors were 
involved in long-term depression of GABA-mediated inhibitory currents, leading 
the study authors to propose that endocannabinoids facilitate aversive memory 
extinction through inhibitory effects on local inhibitory (GABA) networks within 
the amygdala [135].

Other studies have also suggested that there may be unique pathways involved in 
fear extinction that are not involved in acquisition or consolidation of fear memo-
ries [135].

7 Post-Traumatic Stress Disorder



279

 CB1 Receptor mRNA Downregulation in Amygdaloid Complex 
and Frontal Cortex in PTSD

A rat study was conducted to investigate whether long-lasting behavioral effects of 
exposure to a predator (dummy or live cat, a traumatic event for a rat) were associ-
ated with changes in CB1 receptor and synaptophysin (SYP, a protein related to 
synaptic function which is used to indirectly evaluate the number of synapses and 
synaptic plastic change) in those areas of the brain related to PTSD (i.e., frontal 
cortex, hippocampus, amygdaloid complex). Single exposure to the predator pro-
duced long-lasting anxiogenic effects, and 7 days after exposure, CB1 mRNA 
expression was found to be downregulated in the frontal cortex and amygdaloid 
complex but not in the dorsal hippocampus. The study authors posited that since 
CB1 receptors modulate glutaminergic neurotransmission in the frontal cortex, 
downregulation may facilitate anxiety-like responses by increasing glutamate 
release in limbic areas like the amygdaloid complex [142]. Thus, the long-lasting 
anxiogenic effects appeared to be associated with hyperactivation of the amygda-
loid complex and modulation of CB1 receptors in brain areas known to be related 
to PTSD.

What was also interesting in this study is that SYP was upregulated in the amyg-
daloid complex. Synaptic vesicle proteins are thought to be potentially involved in 
depression and schizophrenia pathophysiology, and there is evidence that PTSD is 
related to plastic changes also [142].

 Levels of Endocannabinoids Altered in PTSD

Hill and colleagues [75] suggest that a state of endocannabinoid deficiency or ECS 
tone may represent a stress susceptibility endophenotype which predisposes an indi-
vidual to development of conditions like PTSD. Levels of endocannabinoids and 
related N-acyl-ethanolamides have been found to be significantly altered in PTSD 
suggesting involvement in its pathogenesis [9, 65, 130, 137]. However, the direction 
and nature of changes to the ECS as a result of chronic stress and trauma appears 
inconsistent. Some human studies have found decreased levels of endocannabinoids 
which might support the notion of an endocannabinoid deficiency, while others have 
found increased levels of endocannabinoids (described shortly). This may relate to 
when the traumatic event occurred.

 Age When Traumatic Event Occurred Affects ECS Changes
When a trauma occurs, it has an effect on the ECS changes. The effects of prolonged 
stress or trauma depend on the development age of the individual when they experi-
ence the traumatic event(s), its repetitiveness, and accumulative effects [149]. 
Animal models of childhood trauma suggest that if trauma occurs in childhood, it 
results in increased levels of endocannabinoids and decreased levels of CB1 recep-
tors in childhood, decreased levels of endocannabinoids and increased levels of 
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CB1 receptors in adolescence, and, in adulthood, increased levels of endocannabi-
noids and decreased CB1 receptor levels [149].

A study in humans with a history of childhood trauma found increased levels of 
endocannabinoids, and another study in those with bipolar disease and PTSD with 
a history of childhood trauma found increased levels of AEA and 2-AG in those 
with bipolar disease and increased OEA levels in those with PTSD with a history of 
childhood trauma. There is thus evidence that suggests increased endocannabinoid 
and decreased CB1 receptor levels in adults with a history of childhood trauma and 
PTSD [149].

On the other hand, when a severe trauma occurs in adulthood, preclinical and 
clinical research supports the notion that it is associated with decreased levels of 
endocannabinoids and increased CB1 receptors [149].

This suggests that in PTSD research design, it is important to factor in when a 
traumatic event occurred into statistical modeling, as this could be a factor that 
could modify results, i.e., if you had a PTSD study population in which some had a 
trauma in childhood and others in adulthood, this could quite easily muddy the 
waters in making conclusions of data. Likewise, even if examining a cohort such as 
veterans who have been exposed to trauma in the line of duty as adults, it would also 
be prudent to factor in any potential childhood exposure to traumatic events as this 
could confound findings.

 Evidence of Altered Endocannabinoid Levels in Animal 
Models of PTSD
There are several animal models which have been used, typically on rats or mice, to 
probe aspects relevant to PTSD. These models include the chronic unpredictable 
stress model, single prolonged stress model, shock and reminder stress model, and 
the predator stress model. Results of several studies provide support that an ECS 
dysregulation is involved in PTSD pathogenesis, with several indicating reduced 
AEA levels, increased 2-AG levels, and CB1 downregulation in particular brain 
regions. Results of some of the experiments using such models are set out in 
Table 7.3.

Treatment of animals with FAAH inhibitors provides indirect evidence that 
reduced levels of endocannabinoids are associated with PTSD. Increased treatment 
raises levels of AEA, reduces PTSD symptoms, and promotes fear extinction [146, 
157–160].

 Evidence of Altered Endocannabinoid Levels from Human Research
Studies indicate significant differences in plasma concentrations of endocannabi-
noids and related N-acyl-ethanolamides in PTSD sufferers compared with healthy 
controls and subjects who did not develop PTSD after trauma exposure [9]. The 
results are not always consistent with findings from animal studies or indeed other 
human studies, however. For example, survivors of the 9/11 World Trade Center 
attack in the USA who met the diagnostic criteria for PTSD had lower levels of 
circulating 2-AG though there was no significant difference between groups 
(i.e. those who met the criteria for PTSD compared with those who didn’t) in AEA 
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Table 7.3 Animal models of PTSD: effects of PTSD on ECS

Model Features Results of studies demonstrated
Chronic 
unpredictable 
stress (CUS) 
model

Uses mild, unpredictable, and 
repetitive stressors to investigate 
the effects on the ECS [150]

Downregulation and deficiency of 
endocannabinoid/CB1-mediated responses 
in the nucleus accumbens [151]
Significantly decreased levels of AEA in 
several brain areas as well as reduced CB1 
receptor binding density in the 
hippocampus, hypothalamus, and ventral 
striatum and increased CB1 receptor 
binding density in the prefrontal cortex 
[152]
CUS induces cognitive impairments in 
extinction and perservatory behavior (but 
does not affect acquisition of learning), 
and it also enhances hippocampal- 
dependent episodic fear memories, thereby 
increasing susceptibility to PTSD [150]. 
These conditions improve with CB1 
receptor agonists: supports notion that 
PTSD is underpinned by ECS deficiency 
[147, 150]

Single 
prolonged stress

This model leads to enhanced 
conditioned avoidance, impaired 
extinction and increased acoustic 
startle response (ASR), negative 
feedback on HPA axis, and 
anxiety [146]

Lower levels of AEA in various brain 
regions including basolateral amygdala 
(BLA) and CA1 region [146] and nucleus 
accumbens [136] and decreased serum 
2-AG (though no change in the BLA or 
CA1) [146]
CB1/CB2 receptor agonist WIN55,212-2 
injected either systemically or into BLA at 
different time points: results suggest there 
may be an optimal time window for 
intervention treatment with cannabinoids 
following a traumatic event [153]

Shock and 
reminder stress 
model

Rats are exposed to a foot shock 
followed by exposure to 
situational reminders—this leads 
to long-term impairment of 
extinction and increased “startle 
response,” and has also been 
shown to induce long-term 
impairment of fear extinction 
[154]

FAAH inhibitor URG597 was injected for 
3 weeks in a group of rats exposed to the 
shock and reminders paradigm. Rats 
chronically treated with the FAAH 
inhibitor showed normalized startle 
response and normal extinction reactions; 
effect of the FAAH inhibitor was CB1 
receptor dependent (effects were blocked 
by a CB1 receptor antagonist). URB597 
normalized the shock/reminder-induced 
upregulation of CB1 receptors in the 
basolateral amygdala and CA1 region 
[154]

(continued)
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and cortisol levels [137]. AEA levels exhibited a negative relationship with the 
degree of intrusive symptoms, consistent with animal studies demonstrating that 
decreased AEA promotes retention of aversive memories. Given the role of 2-AG in 
regulation of the stress response, their findings support the contention that deficient 
endocannabinoid signaling may be part of the glucocorticoid dysregulation occur-
ring in PTSD [137]. However, the findings here on cortisol do not accord with other 
studies which have found PTSD associated with chronic low levels of cortisol [53, 
65, 161, 162].

A study used positron-emission tomography (PET) to investigate CB1 receptor 
availability in individuals with PTSD compared with those with lifetime histories of 
trauma (trauma controls [TC]) and healthy controls without such histories. They 
found that AEA levels were lower in the PTSD group compared with the TC group 
(53.1% lower) and HC group (58.2% lower). In addition, cortisol levels were lower 
in the PTSD group and TC group compared with the healthy controls [139].

Conversely, in another study of 10 patients with PTSD, 9 trauma-exposed indi-
viduals without evidence of PTSD (n = 9), and 29 healthy control subjects, PTSD 
was associated with significantly higher plasma levels of AEA, 2-AG, oleoyletha-
nolamide (OEA), and stearoylethanolamine (SEA) and significantly lower levels of 
N-oleoyldopamine than healthy controls. Those with PTSD had significantly higher 
plasma levels of 2-AG and PEA than trauma-exposed individuals without PTSD [9]. 
This differs from other studies in which PTSD was associated with lower levels of 

Table 7.3 (continued)

Model Features Results of studies demonstrated
Life-threatening 
trauma model 
(predator stress 
model)

One model: exposes to a 
chemical called 2,5-dihydro- 
2,4,5-trimethylthiazoline (TMT), 
a pheromone constituent of fox 
feces; produces anxiety-like 
behaviors and has been used as a 
model of post-traumatic 
long-term anxiety state [155]

Rats demonstrated increased levels of 
2-AG in the amygdala following exposure 
to TMT. Administration of a FAAH 
inhibitor (URB597) increased brain AEA 
levels and prevented development of 
CB1-dependent post-traumatic anxiety- 
like behaviors [155]
Rats exposed to TMT exhibited a marked 
increase in 2-AG mobilization in the 
amygdala of traumatized rats with 
anxiety-like behaviors, which lasted at 
least 14 days after the stressful event. 
Systemic or local pharmacological 
inhibition of MAGL suppressed the 
anxiety-like behavior caused by exposure 
to TMT. The results suggest that a 
life-threatening trauma, in this case the 
threat of being eaten by a fox, triggers 
long-term changes in 2-AG-mediated 
cannabinoid signaling in the amygdala and 
may indicate a potential therapeutic target 
for treatment of trauma-initiated 
conditions [156]
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endocannabinoids [137, 139] and PEA [130]. In the 19 individuals exposed to 
trauma (with and without PTSD), CAPS score positively correlated with plasma 
PEA levels (r = 0.55, p = 0.02) and negatively with plasma oleoyldopamine levels 
(r = 20.68, p = 0.01), and CAPS subscores for intrusions, avoidance, and hyper-
arousal were all negatively related to oleoyldopamine plasma concentrations. The 
individuals in this study had other comorbidities and heterogenicity in type and 
amount of trauma which might explain these seemingly contradictory results [9].

Wilker and colleagues [130] assessed concentrations of PEA, OEA, and SEA in 
hair samples of 38 rebel war survivors from Northern Uganda with PTSD and com-
pared them with samples from 38 healthy rebel war survivors without current and 
lifetime PTSD. These three lesser studied endocannabinoids may provide an “entou-
rage effect,” themselves not acting on CB1 receptors but potentiating the effect of 
AEA [150]. PTSD sufferers had significantly lower levels of OEA, and there were 
strong negative associations between all three N-acyl-ethanolamides and severity of 
PTSD symptoms. They postulated the decreased levels might be responsible for the 
increased inflammatory state and failure to extinguish fear memories that are char-
acteristic of PTSD [130].

In humans the variant FAAH 385A allele (which encodes a FAAH enzyme with 
decreased ability to hydrolyze AEA) was found to be dose-dependently associated 
with increased AEA levels and facilitated fear extinction and improved extinction 
recall. A-allele homozygotes were protected against stress-induced decreases in 
AEA and negative emotional consequences of stress, suggesting that AEA signaling 
can temper the stress response and inhibition of FAAH [160].

However, despite studies implicating lower AEA levels in PTSD (discussed ear-
lier), research demonstrates mixed results of endocannabinoid effects on memory 
consolidation of traumatic events [56]. For example, researchers have speculated 
that the observed risk of PTSD linked to propofol use (anesthetic that inhibits 
FAAH) might be mediated by enhanced endocannabinoid transmission through 
elevation of AEA levels and thus by facilitation of traumatic memory consolidation 
[56]. In contrast with the research into memory consolidation, there is greater con-
sensus in the areas of research of the effects of cannabinoids on memory retrieval, 
with most pointing to an impairing effect on (traumatic) memory retrieval of can-
nabinoid agonists [56].

 Levels of CB1 Receptors Altered in PTSD

CB1 receptors regulate the release of many neurotransmitters and are involved in 
plasticity within the CNS, including neurogenesis. It has been suggested that CB1 
receptors may be involved in the modification of defensive behaviors and consolida-
tion of aversive memories, and can modulate adaptation to stress (acute and chronic) 
via modulation of CB1-mediated neurotransmission, thereby disrupting the flow of 
synaptic information [142].
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 Evidence of Altered CB1 Receptors in Animal Models of PTSD
CB1 receptors are critical in the process of extinguishing aversive memories [135]. 
This was demonstrated in a mice experiment in which CB1 receptors were blocked 
in previously fear-conditioned mice: this impaired short- and long-term extinction 
in fear-conditioning tests [135]. Animal experiments using various experimental 
fear and stress models indicate that CB1 receptors appear to be upregulated in the 
PFC [163, 164] and downregulated in the hippocampus [142, 165]. Chronic stress, 
involved in PTSD, has also been found to decrease CB1 receptor expression and 
binding within hippocampal areas [166]. See Table 7.3 for some studies.

Prefrontal Cortex CB1 Receptors: Upregulated
Several studies indicate the medial prefrontal cortex is an important site involved in 
stress responses, and research findings suggest that endocannabinoid-mediated neu-
rotransmission in this brain area is involved [142]. Animal studies demonstrate that 
CB1 receptors are sensitive to stress, and animal models of a fear-conditioning para-
digm have demonstrated upregulation of CB1 receptors in parts of the PFC [163, 
164]. The ventral part of the medial prefrontal cortex appears involved in expression 
of contextual fear conditioning.

Male rats exposed to a contextual aversive conditioning session were re-
exposed to this aversive context 48  h later. Their responses including freezing 
behavior and cardiovascular responses were measured. Intravenous administra-
tion of AEA or an AEA transport inhibitor prior to re-exposure to the aversive 
context attenuated the fear-condition responses, and this effect was blocked by a 
CB1 receptor antagonist. In a second experiment, CB1 receptor mRNA expres-
sion was found to be increased in the ventral portion of the medial prefrontal 
cortex 48 h after the conditioning session. Overall, the study concluded that facili-
tation of cannabinoid-mediated neurotransmission in the ventral portion of the 
medial PFC through activation of local CB1 receptors attenuates or decreases the 
expression of fear responses [164].

Hippocampal CB1 Receptors: Downregulated
In other animal experiments, chronic stress has also been associated with changes in 
hippocampal CB1 receptors [165, 167]. The CB1 receptor is normally abundant in 
the hippocampus, a neuroanatomical area of importance in depression [165, 168]. 
Here it is largely located on GABAergic interneurons [165].

Hippocampal CB1 receptors are understood to play an important role in mainte-
nance of synaptic integrity and neuroplasticity in the hippocampus [169]. Chronic 
stress was found to downregulate CB1 expression and significantly decrease the 
amount of 2-AG in the hippocampus (but with no effect in the limbic forebrain), and 
this might contribute to problems in behavioral flexibility and contribute to develop-
ment of ruminatory and perservatory behaviors that may be found in stress-related 
psychiatric disorders [142, 165]. In a study where rats were exposed to 21 days of 
restraint stress for 6 h, autoradiographical analysis was conducted to measure CB1 
receptor binding site densities in specific regions of the hippocampus. Chronic stress 
was found to significantly reduce CB1 binding in the dentate gyrus while increasing 
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it in the CA3 region of the hippocampus (with no effects found in CA1 or retrosple-
nial cortical gyrus and laterodorsal thalamus). The study authors suggested that 
stress-induced changes in CB1 receptor activity might contribute to stress-induced 
modulation of maintenance of synaptic integrity and neuroplasticity in the hippo-
campus (given the role of hippocampal CB1 receptors in these processes) [169].

 Evidence of Altered CB1 Receptor Levels from Human Research
PTSD patients demonstrate elevated brain CB1 receptor availability which may 
implicate deficient CB1 receptor-mediated AEA signaling in the etiology of PTSD 
[139]. Positron-emission tomography has demonstrated brain-wide increases in 
CB1 receptors in PTSD sufferers compared with healthy controls with a history of 
trauma and healthy (no trauma) controls without a history of trauma. AEA levels 
were reduced in the PTSD group compared with trauma-exposed group (53.1% 
lower) and healthy no-trauma group (58.2% lower), and cortisol levels were lower 
in the PTSD and trauma-exposed groups compared to the healthy controls. This is 
in accordance with other human studies which have found lower cortisol levels in 
association with PTSD [53, 161, 162].

This study also found a higher density of CB1 receptors under non-stress (basal) 
conditions in women compared with men. The authors postulate that this could 
potentially explain why there is a higher prevalence of PTSD in women than men. 
Three biomarkers assessed collectively AEA, cortisol, and CB1 receptor antagonist 
radiotracer [(11)C]OMAR (which measures the volume of distribution of CB1 
receptors)—correctly classified almost 85% of PTSD cases. These results implicate 
abnormal CB1 receptor-mediated AEA signaling in PTSD etiology [139].

 Medicinal Cannabis and Cannabinoids 
for the Treatment of PTSD

There is potential for intervention in the processes of aversive memory formation 
that occur in PTSD. Bitencourt and Takahashi [57] suggest that intervention at the 
stage of aversive memory acquisition and consolidation is not very promising, as it 
would need to be implemented very soon after a traumatic event and at that point, 
it is not possible to know if PTSD will manifest or not. They believe that interven-
tion in the retrieval, reconsolidation, and, in particular, the extinction processes is 
likely to be more fruitful. To recap, when reactivated by retrieval (re- exposure), the 
aversive memory becomes unstable again, and the original memory trace is either 
reconsolidated or extinguished. Therefore, it may be possible to block reconsolida-
tion process or facilitate extinction. One treatment approach involves repeated 
exposure to the conditioned stimulus (smell or image) without the unconditioned 
stimulus (violence, trauma), leading to a new memory trace free of the uncondi-
tioned stimulus which overrides the old trace, in turn leading to a decrease in the 
physiological and behavioral responses to fear. Phytocannabinoids may amplify 
these mechanisms because extinguishing of aversive memories involves CB1 
receptors [135].
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We will look at some of the research into synthetic cannabinoids and then look 
at epidemiological studies that suggest many people with PTSD use cannabis to 
alleviate the symptoms. Then, we will look at how medicinal cannabis might work 
in alleviating PTSD symptoms, the possible mechanisms of action, and then at some 
of the clinical research into cannabis treatment of PTSD.

 Research into Synthetic Cannabinoids in PTSD

Research into synthetic cannabinoids (CB1 and CB2 receptor agonists) have pro-
vided insight into the potential mechanisms of action of cannabinoids. Synthetic 
agonists have been shown to improve fear extinction, reduce fear memories, improve 
neuroplasticity, and inhibit passive avoidance memory consolidation [65].

There are several potential mechanisms of action by which cannabinoids might 
help treat PTSD, supported by studies of synthetic cannabinoid agonists. Here are 
some of them:

• By administering immediately after the trauma, interfering with the memory 
consolidation process, thereby reducing the impact of the subsequent traumatic 
memory. This is thought to have less promising research support.

• Interfering with the memory recall or retrieval process (bringing stored informa-
tion from long-term memory into consciousness). The theory is that once a mem-
ory trace is reactivated, it becomes unstable again and requires reconsolidation to 
be updated into long-term memory. A poorly retrieved memory will be less likely 
to be reconsolidated. Cannabinoid impairment of memory retrieval is well sup-
ported by animal studies.

• Enhancing extinction, in which a stimulus previously associated with a negative 
emotional experience that triggered anxiety and fear is transformed into non-
threatening. This might be the most promising area [56].

 Animal Models of PTSD: Studies in Synthetic Cannabinoid Agonists
Pharmaceutical companies obviously have an interest in the development of syn-
thetic drugs that might target the ECS and alleviate dysfunction in particular condi-
tions, since these are patentable. Nonetheless, research using synthetic cannabinoid 
agonists can also provide some information about how THC itself might work since 
it is a CB1/CB2 partial agonist. Overall, animal studies support a strong enhancing 
effect of cannabinoid agonists on extinction processes which appears to be mediated 
by CB1 receptors, though evidence for effects in preclinical PTSD models is still 
lacking [56].

For example, WIN55,212-2 is a synthetic THC-like cannabinoid (CB1/CB2) 
receptor agonist drug which has been shown in other experiments to reduce anxiety 
and fear conditioning and facilitate fear extinction in rodents [153, 170, 171] as well 
as reduce fear memory retrieval [65, 172]. Potential mechanisms by which such 
agonists can impact memory are several and include improved neuroplasticity [65] 
and reduced inflammation.
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 Cannabinoid Agonists Can Alter Neuroplastic Changes in Amygdala 
and Hippocampus
In an experiment using a shock and reminder model of PTSD, a traumatic memory 
was formed in rats after exposure to a severe foot shock, which was followed by 
exposure to trauma reminders. A glucocorticoid receptor (GR) antagonist RU486 
and a CB1/CB2 receptor agonist WIN55,212-2 were injected into the basolateral 
amygdala (BLA), and these dampened the consolidation of the memory of the 
trauma as well as attenuating the increase in acoustic startle response in rats exposed 
to shock and reminders. In the CA1 region of the hippocampus, the CB1/CB2 ago-
nist impaired consolidation of the traumatic memory and attenuated the increase in 
acoustic startle response, while the GR antagonist had no effect. Interestingly 1 
month later, rats exposed to shock and reminders had increased CB1 receptor levels 
in the BLA and the CA1 region, and this increase was blocked by post-shock sys-
temic administration of the CB1/CB2 agonist [172]. This suggests the BLA is a key 
brain region in which cannabinoids and glucocorticoids can act to modulate con-
solidation of traumatic memories [172]. It also suggests a potential role of cannabi-
noid agonists in altering neuroplastic changes in the amygdala and hippocampus 
that might occur as a result of PTSD.

 Cannabinoid Agonists Prevent BDNF Decreases in Brain Fear Circuits
The ECS and brain-derived neurotrophic factor (BDNF) are thought to be involved 
in both PTSD and depression. The protein BDNF promotes synaptic plasticity, neu-
ronal survival, and neurogenesis, and has been shown to play a role in fear learning 
and extinction [173]. Studies indicate that decreased BDNF levels in the hippocam-
pus, amygdala, and PFC were associated with impaired extinction learning [174] 
and downregulation of BDNF in the CA subregion of the hippocampus was associ-
ated with PTSD-like responses in rats [175]. BDNF interacts with the ECS in medi-
ating synaptic plasticity and neuronal survival, and inhibition of CB1 receptors has 
been found to downregulate BDNF in the hippocampus [173, 176].

In a shock and reminder model of PTSD, CB1/CB2 receptor agonist WIN admin-
istered after the shock prevented depressive and PTSD-like behaviors in rats. It was 
able to prevent the shock and reminders-induced alterations in social recognition 
memory, passive coping, anxiety-like behavior, fear retrieval, fear extinction, and 
startle response. Significant negative correlations were found between depressive- 
like behaviors and BDNF levels in several brain regions. Administration of the CB1/
CB2 receptor agonist WIN prevented the downregulation of BDNF in the CA1 
region of the hippocampus and the prelimbic (PL) and infralimbic (IL) cortices of 
the rats [173]. This experiment suggests that CB1/CB2 receptor agonists may pre-
vent depressive and PTSD-like symptoms following severe stress and implicates 
changes in BDNF levels in areas of the brain fear circuits [173].

 Cannabinoid Agonist Reverses Anxiety-Like Behavior and Reduces 
Inflammation in PTSD
Mice studies which use a repeated social defeat (RSD) paradigm are used to model 
the immune and behavioral responses to stress seen in humans. RSD causes 
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anxiety- like behavior and release of inflammatory monocytes into circulation, and 
prolongs fear expression and impairs fear extinction recall, which was associated 
with increased IL-1β mRNA in the brain [171]. In this model, anxiety-like behavior 
is dependent on the recruitment of these monocytes to the brain.

In the first part of this study, mice subjected to RSD were injected pre-stress with 
CB1/CB2 agonist WIN55,212-2 that reversed the RSD-induced anxiety-like behav-
ior and inflammatory response, e.g., decreased the accumulation of inflammatory 
monocytes in the brain and circulation, reduced the RSD-induced interleukin-1β 
mRNA expression in microglia/macrophages, and reduced the (ex vivo) reactivity 
of microglia/monocytes to lipopolysaccharides after RSD. In part two of the study, 
these same mice were subjected to contextual fear conditioning 7 days after 
RSD. RSD-exposed mice had prolonged and higher fear expression and impaired 
retention of fear extinction associated with increased IL-1β expression in the brain, 
deficits that were prevented by WIN [171].

This experiment demonstrates how activation of cannabinoid receptors by a can-
nabinoid agonist was able to limit immune and neuroinflammatory responses to 
RSD, as well as reverse the short- and long-term behavioral effects associated with 
this form of stress [171]. Thus, prophylactic cannabinoids were able to abort the 
PTSD pathophysiology.

What about post-trauma cannabinoid treatment? Indeed, a recent report showed 
that acute administration of WIN after exposing rats to a single prolonged stressor, 
a PTSD model, attenuated a stress-associated impairment of fear extinction [177].

 Synthetic Cannabinoids Promote Neurogenesis
In a rat model, synthetic cannabinoid HU210 was found to promote hippocampus 
neurogenesis and have both anxiolytic and antidepressant effects [178]. Since 
research has shown that the hippocampus is smaller in PTSD sufferers, this suggests 
an additional therapeutic action and role for cannabinoids in PTSD treatment [179].

 Cannabinoid Effects on Consolidation of Traumatic Experiences
The stage at which cannabinoids could be useful, immediately post-trauma (within 
hours) or later (days, weeks, years), has been examined by some researchers. There 
have been mixed results with respect to the potential effect of cannabinoids on con-
solidation of traumatic experiences. It is currently uncertain whether post- trauma 
administration of cannabinoids could be beneficial or even detrimental to later 
development of PTSD [56]. Not all people exposed to a traumatic event will go on 
to develop PTSD, and it is not easy to predict who will do so [56].

 Cannabinoid Agonists Impair Memory Retrieval
Berardi and colleagues believe a more promising research area is that focused on 
memory retrieval where there is consensus that cannabinoid agonists can impair 
memory retrieval [56]. Theoretically, by diminishing the retrieval of traumatic 
memories, it should be possible to reduce re-experiencing symptoms and thereby 
reduce the over-consolidation which characterizes PTSD, and therefore lessening 
the impact of those memories on anxiety and mood. Animal studies demonstrate 
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that cannabinoid agonists can impair memory retrieval, though there are few studies 
in humans on traumatic memory retrieval and those that have been conducted were 
in marijuana smokers using memory tasks (e.g., lists of words or numbers, sematic 
knowledge). Such tasks have little in common with traumatic events in PTSD, limit-
ing relevance [56].

 Problems with Synthetic Cannabinoid Agonists and Antagonists
With all such promising evidence about the potential effects of cannabinoid receptor 
agonists, why is it that we don’t have a slew of drugs on the market to treat psychi-
atric illness? A key problem with them, like with THC (a partial CB1 receptor ago-
nist), is that high doses can produce anxiety [65]. The synthetic CB1 antagonist 
rimonabant, marketed as a weight loss agent, was withdrawn from the market due 
to severe psychiatric side effects (including anxiety, depression, and suicide ide-
ation) [180]. There have been other synthetic cannabinoids that became popular in 
the early 2000s, marketed as “designer drugs” under brand names such as Spice and 
K2. Synthetic cannabinoids are more potent (up to 100 times more potent) and have 
a greater likelihood of adverse effects than THC [181, 182] or indeed whole plant- 
derived cannabis medicines. Remember, the presence of CBD in sufficient amount 
is understood to be able to temper some of the more undesirable effects of 
THC. Mother nature wasn’t stupid, but humans often are.

Another real problem with directly stimulating cannabinoid receptors, in particu-
lar CB1 receptors, is that it can produce potentially therapeutic effects in one brain 
region and detrimental effects in others [65]. For example, administration of THC 
to the medial PFC can reduce fear and anxiety responses, whereas administration in 
the nucleus accumbens potentiated fear reactivity [183, 184].

How do we make sense of such data? Are abnormal levels of endocannabinoids 
or receptors causative or compensation seeking homeostasis? This is a problem with 
applying a reductionistic and mechanistic way of looking at actions of cannabinoid 
agonists, that is, looking at their actions in various regions separately, rather than a 
systemic approach that considers how an agonist might act globally. In the end, 
research into mechanisms of action are useful, but the proof is generally in the pud-
ding—is there clinical research that evidences a positive or negative effect of can-
nabinoids or not?

 Epidemiological Studies of Cannabis Use in Humans with PTSD

Epidemiological studies report positive associations between nonmedical cannabis 
use and PTSD [1, 4, 185, 186]. For example, Cougle and colleagues [186] found 
that PTSD diagnoses were associated with increased odds for lifetime history of 
cannabis use and past-year daily cannabis use.

In a cross-sectional survey using data from the 2012 Canadian Community 
Health Survey-Mental Health, among 24,089 eligible respondents, 420 (1.7%) 
reported a current clinical diagnosis of PTSD. A total of 106 (28.2%) of the latter 
group reported past-year cannabis use compared to 11.2% of those without PTSD, 
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suggesting higher rates of self-treatment with cannabis. However, in cannabis users, 
PTSD was not significantly associated with either major depressive disorder or sui-
cide ideation, but in non-cannabis users, PTSD was significantly associated with a 
recent major depressive episode (adjusted odds ratio = 7.18, 95% CI 4.32–11.91) 
and suicidal ideation (adjusted odds ratio  =  4.76, 95% confidence interval: 
2.39–9.47). This preliminary epidemiological evidence suggests that cannabis use 
might contribute to reducing the association between PTSD and severe depressive 
and suicidal states [187].

Cross-sectional studies have found high rates of nonmedical and medical use of 
cannabis to self-manage various symptoms associated with PTSD including coping, 
sleep, trauma-related re-experiencing, avoidance, and hyperarousal [1, 2, 185]. A 
cross-sectional study indicated that individuals with high levels of PTSD symptoms 
use medicinal cannabis for coping and sleep motives. This study also found that 
greater severity of PTSD was associated with more frequent medicinal cannabis 
use. In addition, sleep-motivated use, specifically, is associated with more frequent 
medicinal cannabis use [185].

Acute administration of cannabis appears to facilitate falling asleep and to 
increase stage 4 sleep while reducing REM sleep [3]. A cross-sectional study in 
New Mexico found that patients who used medicinal cannabis reported reductions 
of 75% in symptoms of trauma-related symptoms including re-experiencing, avoid-
ance, and hyperarousal [188].

From these studies, it is clear that many people use cannabis to treat the symp-
toms of PTSD. To understand this better, we will examine the mechanisms of action 
of medicinal cannabis and two of its key constituents: CBD and THC.

 Potential Mechanisms of Action of Medicinal Cannabis 
in Alleviating PTSD Symptoms

There are several potential mechanisms by which medicinal cannabis may alleviate 
symptoms associated with PTSD including the following:

• Activating CB1 receptors in the amygdala can potentially decrease aversive 
memories, fear, and anxiety.

• Activating CB1 receptors in the prefrontal cortex can increase serotonin and 
therefore may reduce depression.

• When CB1 receptors are agonized in the hippocampus, an increase in neurogen-
esis, mood, and memory and a decrease in hypervigilance, hyperarousal, and 
intrusive memories and normalization of cortisol may occur.

• Stimulation of the receptors in the PFC, amygdala, and hippocampus may allevi-
ate anxiety as well as cause sensitization of CB1 receptor-mediated G-protein 
signaling in the PFC, which may play a role in suicide and suicidal behavior.

• Stimulation of the limbic and paralimbic area may decrease activity in the amyg-
dala and hypothalamus, which could assist in regulating the HPA axis and corti-
sol and, therefore, decrease hypervigilance and hyperarousal.
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• Reducing inflammation.
• Stimulating neurogenesis, synaptogenesis, and neuritogenesis via effects on 

BDNF [21, 171, 173].

 CBD: Mechanisms of Action and Evidence of Efficacy 
from Animal Studies

There are several potential mechanisms by which CBD might address the underly-
ing complex pathology associated with PTSD. We also know that CBD may be able 
to assist in treatment of stress, anxiety, and depression, as well as sleep disorders, all 
comorbidities of PTSD (see relevant chapters). We already know of CBD’s anti- 
inflammatory effects, and we know that inflammation is associated with PTSD.

CBD is able to affect every stage of aversive conditioning, as well as reduce the 
cardiovascular responses and anxiogenic effects associated with stress [57, 189]. 
CBD reduces anxiety via 5-HT1A, and there is growing evidence from animal stud-
ies that it reduces learned fear in paradigms used to approximate PTSD.  CBD 
reduces fear expression acutely and disrupts fear memory consolidation and facili-
tates fear extinction, and these can lead to a lasting decrease in fear memory 
recall [190].

The following describes some of the research into mechanisms of action of CBD 
by which it may address some of the memory aspects related to PTSD.

 CBD Disrupts the Acquisition of Fear Learning and Formation 
of Fear Memories
CBD has been found to disrupt the acquisition of fear learning. Acute systemic 
administration of CBD prior to fear conditioning attenuated fear expression during 
later memory retrieval testing in rats [191].

Contextual fear conditioning is an animal model used to study both anxiety and 
fear memory. Fear responses are evoked in the animals when they are re-exposed to 
a context previously paired with, for example, foot shocks. During the conditioned 
emotional response, the animals exhibit several behaviors including freezing behav-
ior, vocalization, increased heart rate and blood pressure, and others [192].

Research in mice models of PTSD has found that CBD is able to disrupt 1- and 
7-day-old fear memories when administered immediately after their retrieval for 
3 min [193]. Fear memories disrupted by CBD treatment did not show reinstate-
ment for the next 22 days without additional dosing, which hints at possible remis-
sion. Recent and older fear memories were found to be equally susceptible to 
disruption brought about by CBD through reconsolidation blockade, with a conse-
quent long-lasting relief in contextual fear-generated freezing [193].

Administration of CBD into the nucleus accumbens shell region of rats inhibits 
the spontaneous firing rates and bursting levels of dopaminergic neurons in the ven-
tral tegmental area, as well as blocking formation of aversive, fear-related associa-
tive memories [183, 194]. This is opposite what was found when THC was 
administered to this brain region in rats [183]. The ability of CBD administered to 
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the shell region of the nucleus accumbens is dependent on GABAA/B receptor 
transmission within the ventral tegmental area [194].

However, results are conflicting when it comes to the potential effect of CBD on 
fear memory expression and fear learning. One study found that daily injections of 
CBD for 14 days prior to conditioning increased fear expression during retrieval 
testing, suggesting CBD actually facilitated fear learning, while another study in 
which CBD was administered for 21 days showed no effect on fear conditioning 
[190]. It appears that the effect of CBD may depend on the brain region involved, 
since infusion of CBD into the BSLT or the prelimbic cortex in rats reduced fear 
expression but infusion into the infralimbic cortex did the opposite, increasing the 
expression of learned fear [192].

Similarly, injection of CBD into the prelimbic PFC reduced the freezing response 
induced by re-exposure to the aversively conditioned context. But when injected 
into the infralimbic PFC, CBD increased the expression of contextual fear [192]. 
Other studies have found that prelimbic cortex region activation is required for the 
expression of learned memories [195].

 CBD Attenuates Fear Memory Reconsolidation
CBD has been found in animal models to block the process of reconsolidation 
[193]. In a rat model, CBD administration immediately after retrieval for 3 min 
disrupted 1- and 7-day-old memories (optimal dose 10 mg/kg) with this effect last-
ing at least 1 week. It was prevented if a CB1 receptor antagonist was administered. 
The study shows that recent and older fear memories are both able to be disrupted 
by CBD through reconsolidation blockade, with the rats consequently not display-
ing contextual fear-induced freezing. This CBD effect depended on memory reacti-
vation in under 6 h, and results would suggest it was CB1 receptor dependent. Over 
the ensuing 22 days, the fear memories did not show reinstatement, which suggests 
the mechanism of action of CBD was via reconsolidation blockade, rather than 
facilitated extinction [193].

Since it has limited affinity for CB1 receptors, the CBD mechanism of action 
would appear to be indirect by influencing key enzymes or perhaps noncanonical 
docking sites for these receptors.

Attenuation of Fear Memory Reconsolidation: Whole Plant Versus Isolate
In another experiment, CBD as well as a combination of CBD and THC (but not 
THC alone) was found to significantly attenuate fear memory reconsolidation when 
administered immediately following recall, with the effect lasting at least 7 days. 
Rats were given foot shocks (contextual training) and then, 24 h later, re-exposed to 
the context (foot shocks). Immediately after memory retrieval (recall), they were 
given oral isolates of either (1) low-dose THC isolate, (2) high-dose THC isolate, 
(3) CBD isolate (4) CBD plus low THC (isolates), or (5) CBD plus high THC (iso-
lates), and in another set of experiments, these were given with plant background 
material. Plant background material significantly attenuated reconsolidation of 
learned fear alone, and in combination with THC and CBD. THC was only able to 
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attenuate reconsolidation when it was combined with CBD or plant background 
material [196].

This study would certainly seem to support the idea of an “entourage effect” 
whereby other phytochemicals are able to increase the therapeutic effect of a par-
ticular phytocannabinoid, in this case THC (and CBD). What was very interesting 
is that the plant background material had a therapeutic effect alone, though it is not 
clear what exact phytochemicals might specifically be responsible for this.

 CBD Enhances Extinction Learning and Retention
Formation of a fear memory following a traumatic event sets the stage for subse-
quent development of PTSD. Extinction learning diminishes PTSD. As explained 
previously, impaired extinction of fear memories is thought to contribute to the 
development and persistence of the persistent memories of the trauma and avoid-
ance. Enhancing endocannabinoid signaling with phytocannabinoids has been 
shown to facilitate extinction in various studies [136].

Both CBD and THC may enhance extinction learning [157, 197, 198]. Studies in 
rats have shown that CBD is able to facilitate the extinction of contextual fear mem-
ory, and supports the role of CB1 receptors in contextual fear extinction, reinforcing 
findings of other studies demonstrating the involvement of the ECS in extinction of 
conditioned fear [157]. Animal research has demonstrated that CBD can enhance 
contextual fear-conditioning extinction when infused intracereboventricularly [157] 
and into the infralimbic area of the medial PFC [159].

 CBD Can Reduce Predator Anxiety
In a rat model of PTSD where the trauma was exposure to a predator cat, CBD treat-
ment (5 mg/kg/day for 7 days) starting 1 h after exposure to the cat prevented anx-
iogenic effects in rats. The probable mechanism was by facilitating 5-HT1A 
receptor-mediated neurotransmission, and suggests a possible role for CBD in 
PTSD symptom treatment [142]. In another experiment using a mice model for 
progressive anxiety and repeated combination tests (RCT), it was found that the 
repeated combination tests induced an anxiogenic effect in the elevated plus maze 
and open-field tests, and caused PTSD-like sleep symptoms by decreasing non- 
REM sleep during the first hour after RCT and suppressing REM sleep during hours 
4–10 after the repeated combination tests. When CBD was microinjected into the 
central nucleus of the amygdala, it had an anxiolytic effect (demonstrated in the 
elevated plus maze and open-field tests), and efficiently blocked anxiety-induced 
REM sleep suppression [199].

 THC: Mechanisms of Action and Evidence of Efficacy 
from Animal Studies

THC is a partial agonist with high affinity to both CB1 and CB2 receptors, and 
exerts most of its actions via these receptors [200]. As discussed in Chap. 4, THC 
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exerts its effects by binding with CB1 receptors presynaptically, inhibiting the 
release of other neurotransmitters.

THC has been shown in several animal studies to have positive therapeutic 
effects relevant to PTSD including:

• Improving performance on fear and analogue emotional memory tasks
• Reducing the stress response and promoting antianxiety behaviors at mild- 

moderate doses
• Reducing anxiety produced by 2-AG inhibition
• Decreasing fearful behaviors to conditioned stimuli (mediated by CB1 receptor- 

dependent disruption of memory consolidation in the medial PFC)
• Reducing acquisition of fear learning [65]

THC administration was found to disrupt the reconsolidation of a contextual fear 
memory, evidenced by a reduced conditioned freezing behavior for more than 
22 days. The effect was dependent on activation of CB1 receptors in the medial PFC 
and on memory retrieval/reactivation, and was not thought to be due to an anxiolytic 
effect [184]. CBD has been found to be less potent in mitigating fear memory 
through disruption of reconsolidation, so the researchers tested out a combination of 
subeffective doses of THC and CBD in a high CBD to low THC ratio. They found 
that this combination was also effective [184]. Since THC is a partial CB1 agonist 
and CBD can prevent AEA degradation and uptake, the additive effect appears to 
occur via direct and indirect potentiation of the CB1-mediated endocannabinoid 
signaling [184].

 Clinical Evidence of Efficacy of Treatment of PTSD 
with Medicinal Cannabis

There is some clinical evidence that medicinal cannabis can alleviate PTSD symp-
toms, including a case study, randomized controlled trials (RCTs), and systematic 
reviews. There are several measurement tools used in human studies of PTSD. One 
of the more popular ones is the Clinical Administered PTSD Scale (CAPS-5) which 
is a 30-item questionnaire, which corresponds to DSM-5 diagnostic criteria for 
PTSD. A 5-point ordinal rating scale is used to measure symptom severity (ranging 
from 0 = absent to 4 = extreme/incapacitating) on the 20 symptoms that correspond 
to PTSD diagnosis. The assessor combines information about frequency and inten-
sity of an item into a single severity rating. The CAPS-5 Total Symptom Severity 
score is calculated by summing severity scores for the 20 DSM-5 PTSD symptoms.

 Case Study of Cannabis in PTSD Treatment
There is a published case study involving a 19-year-old male with a history of sex-
ual abuse who had severe PTSD symptoms including intense flashbacks, panic 
attacks, and self-mutilation. He had learned about smoking cannabis resin from 
other inpatients and found he could prevent the dissociative states by smoking 
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cannabis when he first felt reactivation and intensification of traumatic memories 
that manifested as flashbacks. While he still had flashbacks, he found that smoking 
cannabis changed their intensity, and he felt he had increased ability to maintain 
cognitive control. While he still experienced traumatic images, he had less involve-
ment with them, as smoking cannabis allowed him to view them on an “inner 
screen.” He also had reduced urge to self-mutilate when he smoked straight after 
experiencing flashbacks. He also experienced less stress and a significant decrease 
in anxiety [201].

 Retrospective Study of Cannabis Use in PTSD
A study examined 404 medical cannabis users who self-identified as having PTSD 
who used a medical cannabis App to track changes in symptoms across time. The 
App was used 11,797 times over 31 months to track PTSD symptoms: intrusive 
thoughts, flashbacks, irritability, and/or anxiety, immediately before and after inhal-
ing cannabis. The study found that all symptoms were decreased by more than 50% 
immediately after cannabis use. In their statistical modeling, higher doses of can-
nabis predicted larger reductions in anxiety and intrusive thoughts, and the dose 
used for anxiety increased over time, suggesting tolerance. Time predicted larger 
reductions in intrusions and irritability. The baseline severity of all symptoms was 
constant over time suggesting that cannabis did not appear to improve or worsen 
symptoms. They concluded that cannabis provides temporary relief from PTSD 
symptoms but may not be an effective long-term therapy [202].

 Qualitative Research in PTSD and Cannabis Use
Although qualitative research does not get the same airtime as randomized clinical 
trials, it is valuable to explore in depth many of the aspects, nuances, and patient 
experiences involved with illness and treatment. And so it is with cannabis use in 
PTSD sufferers. A focus group was organized among seven military veterans with 
chronic PTSD who were treated with medical cannabis. The study also included 
four partners who shared their perspectives on their partners. There were five key 
themes that were identified: (1) consideration, (2) initiation, (3) usage, (4) discon-
tinuation, and (5) several general aspects of medical cannabis use. Key findings of 
the study were that patients used cannabis to manage their symptoms and not to “get 
high” [203].

The study reported that all ten participants mentioned negative experiences and 
side effects with other pharmaceutical medications taken during previous treat-
ments. Side effects of orthodox pharmaceuticals mentioned included a hangover- 
like feeling, stomach pain, numbness, feeling of drunkenness, liver and kidney 
problems, and disorientation. The following quotes from their study exemplify the 
limitations of the pharmaceutical approach to treating PTSD, at least in the experi-
ence of these men:

• Peter: “The problem with those regular medicines is if it doesn’t work, then one 
more is added.”

• Dave: “Or the dose is doubled!”
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• Peter: “Or a different brand or name is prescribed. And then the dose is increased 
again. You feel dazed all day.”

The lack of therapeutic effect and/or side effects associated with orthodox phar-
maceuticals was an important factor in patients’ decisions to consider medical can-
nabis use. Participants also indicated they wished to reduce or stop the use of other 
medications and some had already done so. They strongly favored medical cannabis 
over many other medications they had used in terms of ratio of therapeutic benefits 
to side effects.

A variety of cannabis strains and dosages were used. Most used medical canna-
bis oil sublingually, and some used the inhalation route of delivery. Several thera-
peutic benefits were reported including increased quality of sleep and reduction in 
nightmares and flashbacks. Initiating cannabis use was perceived positively by all 
four partners who participated. Participants did not report many adverse effects of 
cannabis, with the main unpleasant effects associated with taking too much canna-
bis, and two participants stated that their nightmares returned when they stopped 
taking cannabis [203]. As you can see, understanding the lived experience of those 
with a condition, such as PTSD, including their experiences of therapies such as 
medicinal cannabis, is made possible by qualitative research designs.

 RCTs and Systematic Reviews
A systematic review of the efficacy of medicinal cannabis in the treatment of PTSD 
published in 2018 [21] included five studies [188, 204–207]. Three of the studies 
concluded cannabis might be a benefit, but two found a negative effect (worsening 
of PTSD symptoms, though the clinical significance is unclear) [21].

A systematic review conducted in 2019 reached a more promising conclusion 
that cannabis and synthetic cannabinoids may have potential to improve PTSD 
symptoms including anxiety, sleep disorders, and modulating memory-related pro-
cesses, though they noted limited evidence in relation to safety and efficacy [208]. 
Yet another systematic review, this one published in 2020, included ten studies of 
which only one was a double-blind, placebo-controlled, crossover pilot study. They 
found that the studies were of low quality and with a medium to high risk of bias. 
They concluded that cannabinoids may decrease PTSD symptomatology, in particu-
lar global PTSD symptoms, sleep disturbances, and nightmares [209].

Table 7.4 sets out a selection of clinical studies in medicinal cannabis and 
PTSD. Table 7.5 sets out studies specific to THC.

 New Studies Examining Short-Term and Long-Term Effects 
of Cannabis with Different Ratios of THC/CBD
Two studies have examined the short-term and long-term (12 months) effects of 
cannabis with different THC/CBD ratios. In the short-term study, a double-blind 
crossover study, participants were randomized to receive 3 weeks of active treat-
ment or placebo (stage 1 of the study, n = 80 participants) and, then after a 2-week 
washout period, re-randomized to receive 1 of the other 3 active treatments (stage 2, 
n  =  74 participants). The active treatments were three active concentrations of 
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Table 7.4 Human studies: medicinal cannabis and PTSD

Reference Study findings
Bonn- 
Miller 
et al. [204]

Study: longitudinal study of 260 male combat-exposed military veterans (mean 
52.6 years) admitted to a Veterans Affairs residential rehabilitation program for 
PTSD between 2000 and 2008
Results: presence of a cannabis use disorder was significantly predictive of lower 
levels of change (between treatment intake and discharge) in PTSD severity and 
PTSD avoidance-numbing and hyperarousal symptom cluster severity

Bonn- 
Miller 
et al. [185]

Study: cross-sectional survey of 170 patients at a medical cannabis dispensary in 
California
Results: that those with high PTSD scores were more likely to use cannabis to 
improve sleep and in general to cope compared with those with low PTSD scores. 
Sleep improvement appeared to be the main motivator for coping-oriented use. 
Frequency of cannabis use was higher in those with high PTSD scores who used it 
for sleep promoting purposes compared with those with low PTSD scores or those 
who did not use it for sleep promoting purposes, providing empirical evidence that 
sleep-motivated use specifically is associated with more frequent cannabis use

Bonn- 
Miller 
et al. [210]

Study: a cross-sectional study involving 217 medical cannabis users in California 
(not specifically a study on PTSD)
Results: proportion of those surveyed who reported cannabis to be a primary 
benefit for various symptoms were as follows: stress (24.4%), anxiety (20,3%), 
depression (10.1%), insomnia (24.9%), and overall PTSD symptomatology (3.7%)

Greer et al. 
[188]

Study: retrospective study in New Mexico comparing pretreatment and 
posttreatment CAPS scores in 80 PTSD patients who took medical cannabis
Results: a greater than 75% reduction in CAPS symptom score in patients when 
they were using cannabis compared to when they were not using it; a significant 
reduction in the symptom clusters examined by the CAPS measurement tool 
including the total score, Criterion B (re-experiencing symptoms), Criterion C 
(avoidance), and Criterion C (hyperarousal)

Tull et al. 
[206]

Study: 202 patients with and without current PTSD consecutively admitted to a 
treatment facility
Results: current PTSD use was associated with greater emotional reactivity in 
those without cannabis dependence; however, in those who were cannabis 
dependent, there were no significant differences in emotional reactivity between 
those who did and didn’t have PTSD. Cannabis-dependent patients (with and 
without PTSD) had less emotional reactivity than those with PTSD or patients 
without cannabis dependence. This suggests that patients with PTSD who are 
cannabis dependent may have altered emotional processing in response to a 
trauma, that is, a dampening of arousal

Wilkinson 
et al. [207]

Study: retrospective longitudinal observational study of 2276 veterans with severe 
PTSD admitted to intensive PTSD Veterans Affairs treatment programs from 1992 
to 2011
Results: participants were categorized according to cannabis use before and after 
discharge (never users, stoppers, continuing users, and starters) and were assessed 
at baseline and 4 months after discharge. Starting cannabis was found to worsen 
PTSD symptoms by a moderate effect size of +0.34. Stopping cannabis use 
improved PTSD with a small effect size of −0.18. They found a significant 
association between days cannabis was used and change in PTSD symptoms, 
severity of violent behavior, alcohol use, and drug use as measured using validated 
scales. They also found that at follow-up, stoppers, and never users had lower 
levels of PTSD symptoms, while starters had the highest levels of violent behavior
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Table 7.5 Clinical studies: THC and PTSD

Reference
THC 
product Study findings

Roitman 
et al. [205]

THC olive 
oil

Study: 3-week, open-label study in ten patients with chronic PTSD 
on stable medication (five were combat veterans). Patients were 
given 5 mg THC olive oil sublingually twice daily as an adjunct to 
their regular medication
Results: significant reduction in frequency of nightmares (p < 0.04), 
sleep quality (p < 0.05), and hyperarousal (CAPS, p < 0.02) and 
significant improvement in global symptom severity (CGI-5, 
p < 0.02). Mild adverse effects in 3/10 patients, and none of these 
led to discontinuation of the THC

Shalev 
et al. [211]

Study: open-label study of ten patients with PTSD who received 
THC twice daily for 3 weeks
Results: significant improvement in arousal, sleep quality, and 
nightmares

Jetly et al. 
[212]

Nabilone 
(synthetic 
THC)

Study: double-blind, crossover RCT conducted in Canadian military 
personal with trauma-related nightmares despite standard treatment. 
Ten participants were randomized to either nabilone (synthetic 
THC, 0.5 mg titrated to daily max 3.0 mg) or placebo for 7 weeks 
and then 2-week washout period and then treated with opposite 
study medication for 7 weeks. Assessors assessed the effects on 
sleep, nightmares, and global clinical state
Results: participants self-reported sleep time & general well-being. 
The study found that nightmares, global clinical state, and general 
well-being improved significantly more with nabilone (p < 0.05), 
but there was no effect on sleep quality or quantity

Fraser 
et al. [29]

Nabilone 
(synthetic 
THC)

Study: open-label study was conducted in 47 PTSD patients with 
continuing treatment-resistant nightmares. Adjunctive treatment 
with nabilone (synthetic THC) was commenced, with a starting 
dose of 0.5 mg 1 h before bedtime, titrating up until effect, with 
doses kept below the maximum of 6 mg daily
Results: average effective dose was 0.5 mg 1 h before bedtime 
(range 0.2 mg–4.0 mg). The majority (72%) experienced cessation 
or a significant reduction in nightmare intensity, and some reported 
improvements in sleep time and quality of sleep and reduction of 
daytime flashbacks and night sweats. Discontinuation of medication 
was successful in four patients following 4–12 months of nabilone 
therapy with no more nightmares occuring thereafter, but the other 
patients experienced a recurrence of nightmares upon nabilone 
withdrawal (usually within the first two nights) which was 
alleviated on reinitiation of nabilone treatment. The study 
participants concomitantly received nabilone as well as one or more 
psychiatric medications they had been one for 2 or more years. 
Thirteen patients (28%) experienced mild-to-moderate side effects 
including light-headedness, forgetfulness, dizziness, and headache 
shortly after initiation of nabilone therapy, leading to its 
discontinuation. No tolerance to nabilone was observed. No 
tolerance to nabilone was observed among the patients.
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smoked cannabis: high THC (approximately 12% THC and <0.05% CBD), high 
CBD (11% CBD and 0.50% THC), and THC + CBD (approximately 7.9% THC and 
8.1% CBD), and the placebo contained less than 0.03% THC and less than 0.01% 
CBD. They did not find a significant difference in change in PTSD symptom sever-
ity between the active treatments and the placebo at the end of stage 1 of the study. 
All three active treatments (smoked cannabis) were well tolerated in general [213].

In the study on long-term use, the THC-dominant cannabis appeared associated 
with reduction in PTSD symptoms, primarily via reductions in hyperarousal symp-
toms, and a more than twofold reduction in likelihood of PTSD diagnosis at 
12 months compared with nonusers [214].

 Clinical Studies of Efficacy of THC and Synthetic THC

In general, there is more data on synthetic versions of THC than THC from plant 
sources. Importantly, there is currently a lack of clinical data on the efficacy of CBD 
in treating PTSD, though there is research on its effects on stress and anxiety and 
sleep (covered in other chapters). This area should be pursued, as clinical research 
does support the involvement of the ECS in the pathology of PTSD and preclinical 
research indicates that CBD (and THC) are efficacious in addressing some aspects 
of the memory dysfunction occurring in PTSD.

Several of the published RCTs have been in nabilone, a synthetic form of THC, 
with fewer in whole plant medicinal cannabis products. A study used functional 
MRI using a double-blind, randomized, placebo-controlled between-subjects design 
study with 14 healthy participants in each group, coupled with a Pavlovian fear 
extinction paradigm to assess the effects of oral synthetic THC (dronabinol) on 
vmPFC and hippocampus activation 24  h after extinction learning. Those in the 
THC group showed increased activation in the vmPFC and hippocampus to a 

Table 7.5 (continued)

Reference
THC 
product Study findings

Rabinak 
et al. [198]

Dronabinol 
(synthetic 
THC)

Study: double-blind, placebo-controlled RCT between-subjects 
designed study coupled a standard Pavlovian fear extinction 
paradigm and skin conductance response with challenge with oral 
dronabinol or placebo 2 h before extinction learning in healthy 
adults (n = 14 THC, n = 15 placebo), measuring extinction retention 
24 h after extinction learning
Results: when extinction memory was tested 24 h after extinction 
learning, those who received THC showed a slowed skin 
conductance response to a previously extinguished conditioned 
stimulus (compared with placebo) which suggests THC prevented 
the recovery of fear. The study showed that THC only influenced 
the ability to successfully recall extinction memory (but did not 
affect the within-session extinction learning) which could suggest 
the effects of THC relate specifically to maintaining and/or 
successfully retrieving extinction memory
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previously extinguished conditioned stimulus during extinction memory recall, in 
comparison with those in the placebo group. This was the first study to demonstrate 
that pre-extinction administration of THC is able to modulate the prefrontal-limbic 
circuits during fear extinction [159].

Clinical studies assessing THC and synthetic THC products are set out in 
Table 7.5.

 Clinical Studies of Efficacy of CBD

Despite promising preclinical evidence that CBD may be effective in treating symp-
toms of PTSD, there is a dearth of studies investigating the efficacy of CBD in treat-
ing symptoms of PTSD. There is one published case study and one clinical study 
which have focused specifically on PTSD.

 Case Studies
There is one published case that involved a 10-year old girl with a history of sexual 
abuse, diagnosed with PTSD. Her main problems were anxiety, insomnia, outbursts 
at school, suicidal ideation, and self-destructive behaviors. She was given CBD 
(25 mg, oral capsules) at bedtime, with 6 mg–12 mg of CBD sublingual spray used 
during the day on indication for anxiety. Her sleep quality and quantity gradually 
increased and her anxiety decreased. After 5 months, she could sleep in her own 
room most nights, and she was able to handle her new school. No side effects were 
experienced [215].

A case series from an outpatient psychiatry clinic reported retrospectively on 11 
patients being followed for PTSD treated with CBD over 8 weeks [216]. PTSD was 
measured with the PCL-5 standard questionnaire, and the average full-spectrum 
hemp-derived CBD was 48  mg/day. 91% of patients experienced a decrease in 
PTSD symptom severity with an average symptom decrease of 28%. There are no 
dropouts and no significant side effects. Of particular note was the high rate of 
improvement in symptoms of nightmares and sleep disturbances (50% and 38%). 
This report supports a practical use approach that is sensitive to the patient lifestyle 
and adaptable to clinical situations in a high-volume outpatient setting.

 Clinical Study
Preliminary research in healthy volunteers supports the potential for CBD to impact 
on extinction processes. CBD was found to enhance consolidation of extinction 
learning when administered to healthy subjects after extinction learning. In a study 
of fear condition using brief electric shocks as unconditioned stimuli, participants 
were given 32 mg of CBD by inhalation prior to or immediately after the condi-
tioned stimulus extinction procedure to investigate effect on acquisition or consoli-
dation of extinction respectively. In a recall test performed 48 h after extinction, the 
group treated with CBD had reduced subjective shock expectancy ratings at the 
presentation of the extinguished conditioned stimulus. Also, when they reinstated 
the extinguished association through presenting another brief shock, there was a 
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lower increase in the skin conductance responses in the CBD groups compared to 
placebo [197].

 Open-Label Pilot Study
Dr. Philip Blair conducted a pilot study in 2018 on 30 military veterans with self- 
reported PTSD over a 4-week period using self-directed medicinal cannabis (MC) 
without a control group. A total of 22 completed the biweekly PCL-5 question-
naires. Nine of the 22 participants included an exercise intervention in addition to 
the medicinal cannabis. Participants were male and female veterans of US Army, 
Navy, and Air Force services, with an age range of between 24 and 70 years of age. 
None had suicidal thoughts and a history of suicide attempts or felt they were at risk 
of suicide. All subjects were either using or failed medication. The medicinal can-
nabis formulation was a liposomal form of full-spectrum hemp extract, with 
enhanced bioavailability based on safety studies. A serving size of 5 mg of the lipo-
somal oil was suggested to be 5–7 times greater potency than oil tincture. Patients 
were started on standard serving twice daily but allowed to titrate the dose to their 
symptom needs. The average self-adjusted dose of medicinal cannabis was 15 mg 
per day. The total average point values on the PCL-5 questionnaire pre-therapy were 
46, the most severe 80, and the least severe 25. At the midpoint of the study (2-week 
data collection), the average score dropped to 37 (−20%). After 4 weeks of partici-
pation, the average score of the combined group was 21 (−54%), the most severe 
case scored 52, while the least severe score was 7. A total of 90% of the clients 
improved their scores. On average, symptom scores decreased 67%. The exercise 
group showed significantly better scores. Among the eight who failed to complete 
the study, there was one hospitalization that appeared unrelated to the study or 
CBD. The other seven took initial products but did not attend follow-up visits or 
questionnaires. Many of the clients reported sufficient resolution of symptoms to 
completely discontinue CBD.  Others continued using the product as needed for 
stress-related symptoms.

This study is remarkable for the low dose and self-titration. The group had an 
initial meeting followed by shared questions and support in social media. 
Questionnaires were created in Google Forms and converted to spreadsheets for 
data collection. Unfortunately, the trial was brief, not blinded nor had a control 
group. Nevertheless, the high success rate did suggest a significant outcome that 
should be repeated in more carefully controlled studies [217].

 Safety Aspects of Use of Medicinal Cannabis in PTSD

Despite possible benefits, there is concern about development of cannabis use dis-
order (CUD) in people with PTSD. PTSD sufferers represent a vulnerable popula-
tion in which substance use and addiction are common [21]. The prevalence of 
cannabis use in PTSD patients is high: a survey in the USA found that out of 5672 
US adults, 65% with PTSD versus 41% without PTSD used cannabis [186]. In 
2009, 30% of veterans within the VA with a PTSD diagnosis also had CUD though 
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at this time, cannabis was not approved in any state for medical use, so presumably 
this related to smoking of marijuana [204].

 Heavy Cannabis Use and Impaired Fear Extinction

Heavy cannabis use has been associated with downregulation of endocannabinoid 
signaling and impaired fear extinction [218], as well as other side effects including 
depression, psychosis, and impaired cognition and memory [65, 219], and others 
(e.g., tachycardia, euphoria, and altered perceptions) [220]. Thus, while it is known 
that many PTSD sufferers use cannabis to deal with the symptoms of the illness, 
heavy use may be detrimental.

 THC May Distort Memories

THC can induce undesirable neuropsychiatric effects including psychosis, schizo-
phrenia, impaired memory and learning, and distorted emotional salience, and this 
has been linked to its modulatory role on the mesolimbic dopaminergic transmis-
sion [183].

In a double-blind, placebo-controlled, within-subjects design, 23 healthy sub-
jects viewed negative, neutral, and positive pictures (emotional memory task) and 
lists of semantically related words (false memory task). Forty-eight hours after, they 
were given either 15 mg THC or placebo and were given tasks to test their memories 
of the pictures and words. They found that THC increased false recollection of the 
emotional memory and false memory tasks, and this was found for neutral and emo-
tional items. This suggests that THC adversely affects memory retrieval and can 
cause distortion of neutral and emotional memories [221]. This finding is supported 
by a rat study which demonstrated that THC modulated the salience of fear-related 
associative memory formation via direct effects in the nucleus accumbens. The 
mechanism of action seems to involve modulating the dopaminergic transmission in 
the ventral tegmental area and GABAergic signaling mechanisms. The study authors 
suggest that their findings might help explain the neurological mechanisms that link 
cannabis with potential psychiatric side effects [183].

 Medicinal Use Is Not Equivalent to Recreational Use

Recreational use of cannabis is not the same as its medicinal use in which the dose 
is individualized to the patient, titrating upward from a low dose slowly until a 
therapeutic effect is experienced. Nonetheless, there remains the possibility of 
addiction with THC-containing medicinal cannabis products. Medicinal cannabis 
products containing CBD without THC may be a safer option in this respect since 
CBD is not addictive [220].
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 Guidelines for Treating PTSD with Medicinal Cannabis

 When to Use Medicinal Cannabis

Much of the attention has been focused on military veterans, but in fact 70% of 
PTSD occurs in nonmilitary and includes large numbers of women and children 
with 50% rates of occurrence in abuse and sexual assault (PTSD UK, no date). 
Clients with PTSD, even from the military, often indicate adverse events of 
childhood such as abuse, neglect, starvation, and violence that may cause defi-
ciencies in the endocannabinoid system and predispose to PTSD. In fact, every 
one of my female clients with PTSD reports significant adverse childhood events. 
Remember too that all first responders are at risk including emergency telephone 
dispatchers.

As previously discussed, there are many symptoms of PTSD, but the most com-
mon ones are arousal, re-experiencing, avoidance, and negative moods and thoughts. 
These symptoms can be very disabling and too frequently lead to suicide. Experience 
suggests that this condition may manifest a spectrum of symptoms for which many 
clients may not meet all of the DSM-5 criteria. Or, the diagnosis may be confused 
by head trauma or blast injuries that can manifest similar symptoms. Regardless, 
patients with similar symptom complexes still have a high likelihood of positive 
response to medical cannabinoid therapy.

Phytocannabinoids are an excellent starting point for establishing patient- 
provider rapport with rapid improvements, but multiple modalities may be needed 
for some recalcitrant cases. Treatment programs for PTSD should encompass a 
comprehensive lifestyle approach that includes diet, exercise, psychological coun-
seling, social assistance, sleep hygiene, and mindfulness/prayer/meditation. In an 
ideal situation, rehabilitation programs should be orchestrated by an interdisciplin-
ary team, but this is rarely available. You perhaps can best assist the patients by 
advocating for and explaining the bigger picture of a treatment plan.

 Type of Product (Blends)

Full-spectrum medical cannabis with low THC is quite effective. Many patients will 
report self-treatment with cannabis with high THC content. This history suggests 
high THC treats symptoms temporarily but does not resolve persistent issues or the 
fear memory conditioning. In my experience full spectrum  medicinal cannabis 
(MC) products with high concentrations of CBD and low THC may facilitate recov-
ery. On the other hand, in some patients, a full-spectrum CBD predominant prod-
uct containing THC may increase anxiety suggesting a sensitivity and paradoxical 
response to THC. In such cases micro-dosing such that the daily dose only delivers 
a few milligrams per day of THC may be considered, or consider trying a broad-
spectrum MC without THC. Tinctures are a better choice when small adjustments 
may be needed.
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 What Form of Product Should You Use?

All forms of low THC medicinal cannabis appear to be effective with capsules taken 
with fatty food showing extended duration of effects. Capsules also offer longer 
duration of effects that may be important for many sufferers. Oil tinctures deliver 
immediate benefits sublingually during exacerbations of anxiety or panic symptoms 
along with ease of titration. Topical CBD can be used with massage to amplify high- 
touch, interpersonal relaxation and communication especially with spouses or part-
ners. Remember that high blood levels of CBD are not needed to modulate this 
condition which means that an occasional skipped dose is not a problem. My experi-
ence also showed sustained benefits of CBD even after CBD was discontinued. 
Vaping CBD (without vitamin E acetate or THC) has been used successfully for 
some, but I have found oral therapies more effective.

 Dosage Guidelines

The average dosage of medicinal cannabis in real-world clinical trials has been 
about 50 mg CBD oil (i.e. CBD dominant product, low THC) in divided doses, usu-
ally twice daily. Encourage clients to make adjustments within limits to respond to 
special situations or symptom variation. Half dosing is appropriate for young chil-
dren and seniors. Rarely are PTSD patients particularly sensitive to cannabinoids, 
so a single serving in the range of 15–30 mg is an appropriate starting point.

 Titration and Follow-Up

Almost all of my clients showed some clinical signs of improvement with their first 
dose as sublingual. But if they showed no response, then I make an immediate 
increase. The common dictum is “start slow and go slow,” but when you or one of 
your staff can guide the patient with their first dose, you can get immediate feed-
back, document response, and speed the treatment process. Typical responses are 
rapid so early follow-up gives providers an accurate picture of clinical progress or 
need for adjustments in the treatment program. On the other hand, remissions have 
been common even after the medical cannabis course is completed. But most 
patients do continue healthy self-medicating for their residual life stresses or for 
enhanced performance.

 Other Tips to Enhance Therapeutic Action

Cannabinoids are best absorbed with food or fatty snack. Studies show that long- 
chain triglycerides (18 carbons or more) enhance absorption into the intestinal lym-
phatics and reduced immediate liver deactivation.
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Sleep disorders are common in PTSD with disturbing dreams. Medicinal can-
nabinoids can provide sedation for sleep and often stimulate vivid dreaming. These 
are not typically nightmares or reliving experiences and require only reassurance. 
Most patients report improved depth and quality of sleep, but a few can feel acti-
vated mentally. Most PTSD patients do well with an evening dose even immediately 
before bed.

Often sleep software programs actually show a significant amount of deep sleep 
of which the patient was unaware. Encourage the patient to use a smart phone sleep 
application to monitor their sleep patterns. This will be especially important in this 
condition for assessing sleep in follow-up interactions.

 Interactions with Other Drugs

PTSD clients are usually taking a variety of medications to control symptoms 
including antidepressants, benzodiazepines, and neurotransmission modulators 
with marginal improvement and host of adverse effects. It has been my experience 
that, fortunately, CBD rarely interacts so it can be added; however, it is always pru-
dent to monitor for possible interactions. Other medication can be de-prescribed as 
symptoms are controlled and resolved. Occasionally, medications can cause with-
drawal symptoms for which CBD can compensate with additional dosing as needed. 
Typical tapers of any medications start at about a one quarter (¼) reduction per 
week or slower, but in most cases patients accelerate the taper considerably com-
pleting the process in the second week.

Remarkably a significant number of PTSD patients achieve remission after 
3–4  weeks of therapy and were able to discontinue CBD without recurrence of 
stress symptoms, and of course without withdrawal.

 Case Studies from Dr. Blair’s Practice

 Case 1: Air Force Veteran with PTSD

A 33-year-old female US Air Force veteran requested medical cannabis treatment 
for PTSD because of lack of effective medical therapy from the Veteran 
Administration (VA). She was assigned to a combat aviation unit in Iraq and repeat-
edly witnessed pilots maimed and killed during her tour. She was also diagnosed 
with depression and panic disorder during her active duty. During a training mis-
sion, she was severely injured and underwent intensive therapy and discharged from 
the service. Medications provided caused significant side effects and did not resolve 
symptoms. She left the service with chronic pain, depression, anxiety, and panic 
attacks and was later diagnosed with PTSD. She uses NSAIDs, Zoloft, and clonaz-
epam and participates in group counseling twice monthly. She complained that 
medications make her feel like zombie and she has not been able to maintain 
employment.
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Initial PCL-5: 7/17 questions were rated with extremely severe symptoms.

 Initial Formulation and Dose
A full-spectrum (THC:CBD 1:20) liposomal product, 5  mg twice daily, was 
prescribed.

 Follow-Up
Follow-up questionnaire at 2  weeks showed all extreme severe symptoms were 
mitigated. At this point she revealed that she had been sexually abused by family 
member at age 7 that had only come to awareness 3 years ago and had deepened her 
depression.

At 4 weeks using 7 mg twice daily, she had 60% improvement in her symptoms 
and reports that her husband observed a major change in her behavior, mood, activ-
ity level, and overall performance. Her pain levels are significantly improved, and 
she is enthusiastic about her job with a car rental agency. She writes, “Is this feeling 
of relief really true?” And to other victims of assault and trauma, about medicinal 
cannabis, she said “you need to look into CBD because it can help you.”

 Case Comment
This case is remarkable in the low dose and dramatic improvement across the full 
spectrum of symptoms along with the discontinuation of benzodiazepines to control 
anxiety. It also illustrates the common occurrences of adverse childhood events in 
clients with PTSD even if unreported.

 Case 2: Army Medic with PTSD

A 28-year-old US Army medic surgical assistant with a combat support hospital 
was stationed in Iraq during combat operations and experienced multiple roadside 
bombing and mortar attacks. In one episode he was briefly knocked unconscious. 
Shortly after he manifested symptoms of mental fog, anxiety, and depression and 
was diagnosed with PTSD. He was discharged in 2010 with Veteran Administration 
follow-up treatment with counseling and a list of medications which included 
Celexa, Zoloft, prazosin, Seroquel, Wellbutrin, Effexor, Adderall, nuvigil, and 
trazadone. All of these medications had failed to alleviate the symptoms, and many 
were often associated with adverse side effects. Despite multiple forms of therapy, 
he was unable to study, socially interact, or perform any meaningful work. He was 
chronically depressed with extreme moods and had considered suicide on some 
occasions.

His physical evaluation was normal and included multiple brain images that did 
not show objective signs of traumatic brain injury (TBI). He continued unsuccessful 
therapy for PTSD with multiple medications. He also tried a name brand medical 
cannabis 1:1 (THC/CBD) that caused him to feel very stoned and worsened his 
condition.
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 Initial Dosing
He was assessed by teleconference and felt to have TBI with PTSD symptoms. A 
broad-spectrum CBD was recommended with very low THC (≤0.1%). His first 
dose was self-administered during a follow-up video conference. The dose was one 
quarter of a single serving, sublingually, which caused no adverse effect. A second 
application with one full single serving induced widening of the eyes, increased 
speech volume, a decrease in voice tone of about an octave, and improved enuncia-
tion. He also reported warmth over his face and chest. Visual perceptual changes 
include a sense of  increased brightness, color perception, peripheral vision, and 
distance vision resolution. He reported improved clarity in thinking and processing. 
No anxiety or agitation was manifest. Twice daily dosing was recommended with 
additional doses as needed to control acute symptoms.

 Follow-Up
One week later he reported remarkable improvements in all areas on 30 mg/day. At 
4 weeks he was interviewed by video conference. He reported 90% of his symptoms 
were resolved and he was planning to discontinue his other medications. He had 
formulated plans for returning to college and follow a career in psychology counsel-
ing. He also noted that his father who had been a helicopter crew chief in Vietnam 
had also benefited enormously with a brief trial of the same product.

 Case Comment
Blast injury can produce significant overlap in PTSD symptoms and potentiate neu-
rodegenerative changes. Radiographic changes are subtle, often showing only volu-
metric changes. CBD has been effective in preclinical studies of TBI and should be 
effective in blast injuries as well. CBD may also stop neurodegenerative changes, 
improve blood brain barrier function, and reduce inflammation. The exact mecha-
nism of improvement cannot be determined in this case. Another key observation is 
the adverse effects of THC that may be consistent with his sensitivity to other psy-
chotropic medications. This suggests he may have some impaired metabolic path-
ways for drug processing and suggests initiating therapy with low doses of 
broad-spectrum medical cannabinoids.

 Case 3 War Photographer

The patient is a 66-year-old network news photographer and videographer with 
35 years of experience covering war, violence, and disaster world events who devel-
oped progressive PTSD symptoms and impairment over the last 20 years that are 
now controlled with medicinal cannabis. After immigrating to Miami, he was sub-
jected to ethnic-racial violence, abuse, and violence. His passion for photography 
abruptly extricated him into the news field with a penchant for covering violent situ-
ations unphased.

In 2001 he covered 9/11 World Trade Center attack at Ground Zero with expo-
sure to massive destruction, human death, and toxic gases. He then took war 
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assignments to Afghanistan for 6 years but was not exposed personally to blast or 
head injuries. In 2013 while filming in the Al-Shabaab Mall terrorist attack in 
Nairobi, Kenya, he noticed serious symptoms of anxiety, nightmares, cold sweats, 
and depression. In the past, faced with less difficult symptoms, he used alcohol and 
cannabis to control his symptoms and focus on his work.

On return home his marriage of 30  years dissolved, and he sought help at a 
California cannabis clinic. Cannabis improved some of his symptoms but failed to 
fully control them. While attending a cannabis exposition in Los Angeles, California, 
he sampled a high CBD low THC medical cannabis with substantial terpene beta- 
caryophyllene that was exceptionally effective for controlling his PTSD but without 
the anxiety symptoms related to THC.  All of his symptoms were substantially 
improved using approximately 25  mg per day twice daily with supplementation 
during stressful periods. He optioned for less violent assignments in Washington 
DC and developed a deep loving relationship with a new partner. He made further 
improvements in PTSD symptom control using a medicinal cannabis blend with 
even higher amounts of beta-caryophyllene. He has chosen to retire but continues to 
take selective network coverage assignments while enhancing his fitness and resil-
ience in a rural farm setting.

 Case Comment
This patient has several risk factors for PTSD including adverse childhood experi-
ences, possible adolescent head trauma, exposure to repeated violence, and expo-
sure to toxic chemicals known to be closely related to PTSD. He self-medicated 
with alcohol and cannabis, but this did not resolve symptoms, and these progres-
sively worsened. A blend of low THC, high CBD with beta-caryophyllene is cur-
rently very effective for controlling his symptoms and improving overall performance 
and health.

 Conclusion

PTSD is a debilitating mental illness, variously described as an anxiety disorder, a 
disorder of dysregulation of fear and processing of stimuli associated with trauma, 
and a paradoxical disorder of memory. There is evidence that the endocannabinoid 
system is involved in the pathophysiology of PTSD, including findings that levels of 
endocannabinoids may be lower, and indications of changes in cannabinoid recep-
tor levels in specific regions of the brain. Several lines of research indicate that 
medicinal cannabis may have a therapeutic role to play in alleviating some of the 
symptoms associated with PTSD. Animal research has helped elucidate potential 
mechanisms of action which two of its key constituents of cannabis, CBD and THC, 
may help address the pathophysiology of PTSD and reduce symptoms. Systematic 
review evidence suggests that cannabis and synthetic cannabinoids may have the 
potential to improve PTSD symptoms including anxiety, sleep disorders, and mem-
ory processes. In general, as with most clinical areas, more clinical research is 
needed into the efficacy of medicinal cannabis in alleviating symptoms of PTSD.
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Although we have not discussed specific nutritional and lifestyle factors in this 
chapter, clinicians should address these factors, and perhaps others, in patients with 
PTSD to support the ECS, facilitate healing and prevent recurrence. Poor nutrition, 
for example, can enhance inflammation which may be part of the pathomechanism 
of PTSD, and can contribute to poor sleep and depression. Lack of physical activity 
is a risk factor for many illnesses, while there are clear benefits for physical and 
mental health of a range of exercise activities. Environmental toxins, workplace 
stress, home stresses, and many other factors can contribute to an unwell individual. 
Therefore, as always, we advise clinicians to take an integrative approach to address 
all the various factors that might be contributing to or exacerbating the condition of 
PTSD in their patient.

 Additional Reading

 Studies Evidencing Elevated Cytokines in Association with PTSD

Reference Study findings
Passos et al. 
[113]

Meta-analysis (20 studies) comparing individuals with PTSD and healthy 
subjects
Results: elevated levels of the following cytokines were associated with PTSD: 
interleukin-6 (IL-6), interleukin-1β (I1β), tumor necrosis factor-α (TNF-α), 
interferon-γ (IFN-γ)
Subgroup analysis of studies that excluded comorbid major depressive disorder: 
the three cytokines remained significantly elevated
Duration of PTSD was positively associated with 1β levels (p < 0.001), and 
severity was positively associated with IL-6 levels (p = 0.042) [113]

Hoge et al. 
[114]

Case-control study on peripheral blood markers for inflammation
Results: individuals with PTSD or panic disorder had significantly higher mean 
levels of 18 of 20 cytokines tested compared to matched healthy controls, 
including TNF-α, MIP-1α, GM-CSF, IFN-γ, IL-6, IL-1α, IL-1β, IL-2, IL-4, 
IL-7, IL-8, IL-10, IL12p40 and IL12p70, IL-13, IL-15, IP-10, and eotaxin (all 
P < 0.0005)
When a sub-analysis was conducted, for the PTSD group alone (n = 28), the 
following inflammatory markers were no longer significantly elevated 
compared with matched controls: GM-CSF (P = 0.0071) and IFN-γ 
(P = 0.0072) [114]
Study demonstrated a generalized proinflammatory pattern

O’Donovan 
et al. [115]

Study of 735 veterans
Results: increased inflammation was associated with current PTSD but not 
PTSD in remission, i.e., inflammatory markers for PTSD in remission were 
similar to veterans without PTSD
In patients with current PTSD, higher threat reactivity was independently 
associated with elevated inflammation, as evidenced by higher levels of hsCRP 
(p = 0.01) and higher WBC count (p = 0.04)
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Insomnia

 Introduction

Good sleep is vital for good health. Sleep is something we often take for granted, 
until we don’t sleep well. Poor sleep can affect most, if not all, of us now and then, 
but for some, poor sleep can be chronic. When poor sleep becomes chronic, it can 
begin to affect health seriously. It is estimated that sleep disorders could contribute 
to up to 70% of diseases [1]. Sleep loss impairs cognitive performance; induces 
sleepiness, fatigue, and mood changes; and, in simulated driving, reduces perfor-
mance [2]. Sleep disorders are common, with 13–33% of the Australian adult popu-
lation have regular difficulty either getting to sleep or staying asleep [3]. In the USA 
in 2014, the prevalence of short sleep duration (<7 h) was 35.2% [4].

Sleep disorders are some of the more common reasons why people self-medicate 
with cannabis [5, 6]. Medicinal cannabis has, in fact, a long history of use in treating 
sleep disorders. Research indicates that the endocannabinoid system plays an 
important role in the regulation of sleep.

This Chapter
In this chapter, we will discuss the most common sleep disorder, insomnia, and 
examine how medicinal cannabis might be of use in its treatment. We will firstly 
examine why sleep is important, types of sleep disorders, our sleep-regulatory 
mechanisms, what insomnia is, and how it is treated. We will then explore how the 
endocannabinoid system is involved in our sleep, and what is happening in the ECS 
in insomnia. Then, we will examine the preclinical and clinical evidence for the use 
of medicinal cannabis, cannabidiol (CBD), and tetrahydrocannabinol (THC) in the 
treatment of these conditions. Finally, Dr. Blair will share some case studies from 
his practice.
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 Sleep and Sleep Health

Sleep is a complex, reversible state in which the individual is perceptually disen-
gaged and unresponsive to their environment [7, 8]. Sleep has a particular architec-
ture or pattern, and the sleep-wake cycle is controlled by two main mechanisms 
which we will examine shortly.

Sleep health is defined as “a multidimensional pattern of sleep-wakefulness 
adapted to individual, social and environmental demands, which promotes physical 
and mental wellbeing” [7, 9].

What typifies good sleep health? Factors such as satisfaction, adequate length 
(not too short, not too long), appropriate timing, and high efficiency and sustained 
alertness during the waking hours are characteristics of good sleep health [7, 9].

 Why Do We Need Sleep?

Sleep is an integral part of our biological rhythm, is essential for health, and pro-
vides cyclical times in which the body can perform complex hormonal and neuro-
chemical processes that keep us healthy. During sleep, our bodies repair DNA, build 
and repair muscles and tissues, and regulate weight and mood chemicals [10].

Some of the processes regulated by sleep include:

• Processing of memories and newly learned tasks
• Ability to perform complex and abstract tasks using higher cortical functions
• Hunger and appetite (via hormones leptin and ghrelin)
• Regulation of hormone levels (e.g., involved in normalization of blood sugar)
• Regeneration of cells (including muscles and tissues, liver regeneration)
• DNA repair
• Weight regulation
• Regulation of mood and behavior [10]

 Sleep and the Immune and Endocrine Systems
Sleep is restorative for the immune and endocrine systems. It assists recovery from 
the various influences and effects on our nervous system and metabolism during the 
waking state [7]. For example, sleep, particularly the N3 phase of non-rapid eye 
movement sleep (explained more later), promotes the release of prolactin [7]. When 
we are deprived of sleep, it adversely impacts on neuroendocrine function and glu-
cose metabolism, and this can then impact on carbohydrate metabolism, as well as 
appetite, energy intake, and protein synthesis [7].

Acute sleep deprivation and disturbed sleep have been found to impair adaptive 
immunity, and this is thought to be due to decreased release of growth hormone dur-
ing deep sleep plus increased sympathetic output [11]. The downstream effects of 
this are an increased susceptibility to infectious diseases and poorer response to 
vaccines [11].
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 Sleep and Emotional Well-Being
Sleep is vital for our emotional well-being, and critical for regulating emotions as 
well as recovery from stress [12, 13]. Sleep deprivation makes people more sensi-
tive to emotional and stressful situations and stimuli [13]. Rapid eye movement 
(REM) sleep particularly affects next day moods and emotions [13], and changes in 
sleep are likely to affect both physical and mental health, in particular if disease is 
also present [14].

Experiments have shown that sleep deprivation is associated with a more than 
60% increase in emotional reactivity, demonstrated in brain scans of the amygdala. 
Why might this be the case? Walker explains that it appears that it has to do with the 
relationship between the prefrontal cortex (the area associated with rational thought 
and decision-making, which exerts top-down control on the amygdala) and the 
amygdala (key area associated with emotions). He explains that after a full night’s 
sleep, there is a balanced relationship between these two brain regions, but when the 
person is sleep deprived, the prefrontal cortex is unable to regulate or control the 
amygdala sufficiently. Also, in the sleep deprived individual, the prefrontal cortex is 
unable to control the striatum (associated with impulsivity and reward) which 
becomes hyperactive in response to pleasurable experiences. Human experiments 
have demonstrated that sleep deprivation is associated with swinging between posi-
tive and negative extremes of emotional valence, and this could even explain the 
link between sleep disruption and suicide ideation and attempts found in adoles-
cents [15].

 Sleep and Memory Formation
Sleep is important in our formation of memories. During sleep, unstable memory 
traces become re-organized into long-term storage (though this also occurs when an 
individual is awake). When we sleep, hippocampal-cortical firing patterns repre-
senting the stored memory during waking states get played back to the cortex, and 
this strengthens the cortico-cortical associations, thereby integrating it into existing 
cortical memory circuits [16]. Performance in abstract and complex tasks involving 
higher brain functions decreases more strongly following sleep deprivation than 
performance in simple memory tasks [17]. Total sleep deprivation impairs attention, 
working memory, decision-making, and long-term memory, while partial sleep 
deprivation influences attention, especially vigilance [18].

Sleeping after learning plays a vitally important role in enhancing remembering 
and avoiding forgetting. Experiments have shown that after a night’s sleep, you 
regain access to memories that you were not able to retrieve before sleep [15]. 
Research has also shown the benefits of a nap on a task in which subjects were 
shown a list of words, with some tagged to remember and others tagged to forget. 
Half the subjects were allowed a 90-min nap and the other half remained awake. At 
the end of that period, they were asked to recall as many words as possible regard-
less of whether they had been tagged to remember or discard. They found that the 
more sleep spindles occurred (we will learn about these shortly), the greater the 
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efficiency with which items tagged for someone to remember were strengthened, 
and those designated for forgetting were eliminated [15]. This experiment, and oth-
ers described by Walker in Why We Sleep [15], brings home the fact that sleep is 
not something that is a random act of nature and that it is very much of intelli-
gent design.

 Synaptogenesis
We need sleep for brain development. Synaptogenesis is the formation of new neu-
ral synapses. Sleep is involved in synaptogenesis and neural plasticity [15], and 
such sleep-dependent plasticity may be important in recovery from sleep conditions 
such as sleep apnea [19]. In the developing fetus, the growth of neuronal pathways 
and connections (synaptogenesis) occurs during REM sleep [15]. If infant rats are 
deprived of rapid eye movement (REM) sleep, it leads to disrupted development of 
the cerebral cortex [15].

In adolescence, synaptic pruning occurs in particular during deep non-rapid eye 
movement sleep (NREM sleep). Using electrical recordings of the brains of a cohort 
of children over the span of childhood, sleep researcher Irwin Feinberg found that 
during mid- and late childhood, children had moderate amounts of deep sleep dur-
ing the times when the last neural growth spurts were occurring. When the brain 
switched from growing connections to pruning them, he found there was a sharp 
rise in deep sleep intensity (i.e., deep NREM sleep). Then, once pruning was nearly 
complete, the electrical recordings showed a decreased deep NREM sleep inten-
sity [15].

Changes in deep NREM sleep have been shown to occur several weeks or 
months before cognitive and developmental milestones in the brain, suggesting 
that deep sleep drives brain maturation [15]. Animal studies support these findings 
in humans. Experiments have demonstrated that depriving animals of deep sleep 
blocked or delayed the maturational refinement of synaptic connectivity and 
development of social activity, plus other measures of self-motivated learning 
[20, 21].

 Sleep Needs Over Our Life Cycle

Generally speaking, we need at least 7  h of good-quality sleep per night. When 
people get 6 or less hours of sleep each night, there is evidence of increased vigi-
lance objectively, even if they only subjectively experience minimal sleepiness [22].

Sleep needs change over our lifetime. Newborns enter active sleep (REM sleep) 
before quiet sleep (NREM) and have a shorter sleep cycle of around 50 min. At birth 
REM sleep constitutes about 50% total sleep, and by age 2, REM only constitutes 
20–25% of total sleep. Newborns don’t have NREM slow waves: these develop in 
the first 2 years of life. Slow-wave sleep (stage N3 of NREM sleep) decreases across 
adolescence by 40% from preteen years and continues to decrease thereafter, albeit 
at a slower rate, through to old age [23].
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 Teenagers
Walker [15] points out in his book Why We Sleep that adolescent teenagers have a 
different circadian rhythm to younger children and that during puberty, the timing 
of the suprachiasmic nucleus shifts progressively forward. Thus, peak wakefulness 
will be around 9 pm at a time when parents of said teenagers are themselves starting 
to get tired. He advises that as parents, we should accept that teenagers are wired to 
obtain sleep at a different time. The good news is that when the teenager grows into 
young and middle adulthood, their circadian rhythm gradually slides back to an 
earlier schedule. He also points out that in teenagers, there is a need for a longer 
period of sleep. Thus, expecting them to get out of bed in time for school at 7 am 
alert and in a good mood is akin to asking yourself to get out of bed at 4 am [15]. 
For those who don’t get up early to meditate, see how that works for you!

Walker also points out that sleep can be more problematic in older adults, and 
this may be related to health conditions and pharmaceutical medications. He says 
that the idea that older adults need less sleep is not true: older adults require as much 
sleep as they did in middle age [15].

 As We Age
The stabilization of deep NREM sleep that occurs in the early twenties does not 
remain stable for long. For the most part, REM sleep stays stable in midlife; how-
ever, deep NREM sleep starts to decline in our late twenties and early thirties. This 
means we get fewer hours of deep sleep, and the deep NREM brainwaves become 
fewer in number, and smaller and less powerful. By the mid- to late forties, we have 
lost 60–70% of the deep sleep we had as teenagers, and by age 70, we have lost 
80–90% [15].

As we age, sleep also becomes more fragmented, which means we wake more 
during the night, and again this can be due to medications, illnesses, and in particu-
lar a weak bladder. Because of this fragmented sleep, there is decreased sleep effi-
ciency. In teenagers, sleep efficiency is around 95%, whereas when in our eighties, 
it is often less than 70–80%. In comparison, sleep efficiency of 90% or higher is 
considered characteristic of good-quality sleep [15]. The problem with lower sleep 
efficiency is that it is associated with higher mortality risk, lower energy, and lower 
cognitive function, demonstrated particularly by forgetfulness [24]. Walker [15] 
cautions that there can be a failure to connect the deterioration in health in older 
people with the degradation in quality and quantity of deep sleep.

For more information and a very good read on why we need sleep, read Matthew 
Walker’s Why We Sleep (US: Allen Lane, 2017). Another very good read is ABC of 
Sleep by Paul Reading (UK: BMJ Books, 2013).

 The Mechanism of Sleep

In this section we will look at the architecture of the sleep cycle, and what internal 
mechanisms operate within us to control sleep: sleep-wake homeostasis and our 
circadian rhythms.
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 Architecture of Sleep

There are two states of normal sleep that alternate through night:

 1. Non-rapid eye movement (NREM) sleep (75–80% of sleep time)
 2. REM sleep (remaining 20–25%) [23]

Normally in young people, there are 4–5 cycles of REM/NREM per night. Deep 
NREM sleep dominates the first third of the night, and REM sleep dominates the 
last third [22]. This will have important ramifications as we will see later.

 NREM Sleep
NREM sleep was classically subcategorized into four stages (1–4), but this has 
since been revised to three stages, stages N1, N2, and N3 (combines stages 3 and 4), 
which parallel the depth of sleep (though we note many publications still refer to 
N4). Arousal thresholds are lowest in stage N1, with N3 (known as slow-wave 
sleep) being the deepest level of sleep.

Sleep normally begins in NREM and progresses through stages N1, N2, and N3 
(deepest); then, the first REM sleep occurs. NREM and REM cycle every 90 min, but 
with the ratio of NREM to REM sleep within each 90-min cycle changes across the 
night. In the first half of the night, the majority of our 90-min cycles are made up of 
deep NREM sleep (stage N3 of NREM or slow-wave sleep), while in the second half 
of the night, most of the time is consumed by REM sleep with little, if any, deep 
NREM sleep [15, 23]. Walker explains that there is a reason for this difference in 
length of the NREM and REM cycles over the course of the night’s sleep. It is related 
to the function of deep NREM sleep which is to “weed out” and remove unnecessary 
neural connections, while the REM state is involved in strengthening neural connec-
tions, in a sense a refining task. However, as a consequence of this skewing of REM/
NREM sleep in the different halves of the night, if you wake up early at say 6 am 
instead of 8 am (having gone to sleep at 12.00 am), you are going to lose 25% of your 
total sleep time, but 60–90% of your REM sleep (as that is concentrated in the second 
half of the night). If you go to bed at 2 am instead of, say, midnight, and wake up at 
8 am, you are losing a significant percentage of your NREM sleep [15]. Both these 
scenarios will have consequences for learning and memory formation.

NREM sleep is promoted in the anterior hypothalamus (medial and ventrolateral 
preoptic region) and GABA, adenosine, and PGD2 participate in regulation [25]. 
During NREM sleep, there is usually minimal or fragmented mental activity, low 
muscle activity, and minimal physiological activity, and there may be some dream-
ing [23, 25] though some authors state there is no dreaming in this phase [15].

When we fall asleep, the thalamus acts as a sensory gate to block the transfer of 
perceptual signals from our senses (e.g., sound, touch, sight) to the cortex, and the 
cortex enters a default mode of operation, that of slow-wave sleep (deep NREM 
sleep) [15]. During NREM sleep, our body temperature drops, heart rate and breath-
ing slow, and the deepest stage of NREM produces physiological changes that 
increase immune system functioning [26].
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Memory
One of the major processes that occurs during NREM, particularly during stage N3, 
is consolidation of declarative memory [27]. NREM is responsible for making fact-
based memories permanent—it is during slow-wave NREM sleep that memory 
packets of recent experiences are transferred from the short-term storage region 
(hippocampus, where memories are relatively unstable) to the more permanent and 
stable long-term storage site of the cortex [15].

Sleep Spindles
Another thing that happens during NREM is the phenomenon of “sleep spindles.” 
Sleep spindles are a burst of brainwave activity that occur during both lighter and 
deeper stages of NREM sleep. Spindles are involved in a repetitive pattern of activ-
ity between the hippocampus (memory storage) and the frontal lobe (the region 
programming the decision of intentionality, i.e., deciding this is important or this is 
not important). The cycling between these two areas of the brain occurs 10–15 times 
per second during sleep spindles and is a way of the brain ultimately deciding and 
selecting what to keep and what to discard [15].

 REM Sleep
In contrast, during REM sleep, there are characteristic episodic bursts of rapid eye 
movements (hence the name) and muscle atonia/paralysis (spinal motor neurons are 
inhibited by the brainstem, suppressing muscle tonus), and heart and respiratory 
rates are variable [7, 23]. REM sleep is associated with cognitive activity and EEG 
activation [7]. During REM sleep is when the most vivid dreaming occurs [15]. For 
these reasons, REM sleep has been described “an activated brain in a paralysed 
body” [23, p. 16].

REM sleep is promoted mostly by nuclei in the brainstem including the peduncle 
pontine tegmental, laterodorsal tegmental, and pontis oralis nuclei. The neurotrans-
mitters involved include acetylcholine and glutamate and melanin-concentrating 
hormone [25].

REM sleep is vital to health, and many sleep disorders, including lack of sleep, 
are problematic due to the impact on REM cycle sleep [23]. Research on REM sleep 
indicates a role in memory consolidation, and it is likely that processing of emo-
tional memories is an important function [22]. During REM, contextual memory 
and creativity is facilitated [27, 28].

In REM sleep there is a strong activation in the visual, motor, emotional, and 
autobiographical areas of the brain, with deactivation occurring in those areas con-
trolling rational thought processes [15]. The emotional areas of the brain are around 
30% more active during REM sleep compared to when we are awake. The areas that 
increase in activity during dreaming are the visual spatial regions of the brain 
(occipital cortex), the motor cortex, the hippocampus and surrounding areas (which 
supports autobiographical memory), and the amygdala and cingulate cortex (emo-
tional areas of the brain) [15]. During REM there is a deactivation of the prefrontal 
cortex (which controls rational thought and exerts top-down control over emotional 
areas of the brain). During the dreaming state of REM, the sensory gate of the 
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thalamus once again opens, but instead of allowing outside perceptions (e.g., sound, 
touch, etc.) to enter and travel to the cortex, this time it allows signals from emo-
tions, memories, and motivations to enter the visual, auditory, and kinesthetic sen-
sory cortices [15].

Reading [22] points out several interesting facts about REM sleep including the 
fact that there is no thermoregulation during REM, and therefore if a room is too hot 
or cold, arousals during REM sleep are likely. Depressed patients enter REM sleep 
more quickly, and most of the antidepressant pharmaceuticals delay or suppress 
REM sleep. Many drugs including alcohol also suppress REM sleep, and with-
drawal of medications can cause rebound symptoms such as vivid dreaming. In rat 
experiments, preventing REM sleep for about 4 weeks was associated with fatal 
consequences for the rats [22].

Walker describes the role of the waking state as reception of the outside sensory 
world, deep NREM as a state of reflection that fosters the transfer of information 
and distillation of memories, and REM sleep as integration, whereby past experi-
ences are connected with new ones [15].

 Our Internal Biological Mechanisms Regulating Sleep

The sleep-wake cycle is a complex and involves many complex neurobiological 
networks [29]. In the waking state, there are different levels of alertness, depending 
on activity, and several cognitive processes occur (such as attention and learn-
ing) [25].

We have two internal biological mechanisms which work together to regulate our 
sleep-wake cycle. These are our:

 1. Processes of sleep-wake homeostasis (sleep homeostat; sleep pressure or urge to 
sleep accumulating in wakefulness; a function of sleep and waking)

 2. Circadian rhythms (endogenous timing system, controlled by a circadian 
oscillator)

These two systems operate completely independent of each other although they 
are usually aligned [15].

 Sleep-Wake Homeostasis
Sleep-wake homeostasis, or sleep pressure (also known as process S), describes 
our innate drive or need for sleep, and this is a function of time since the last 
adequate sleep [30]. Normal sleep is an innate drive state, one which builds with 
prolonged wakefulness and is only satisfied by sleep [22]. Sleep-wake homeosta-
sis keeps track of our need for sleep, and this homeostatic sleep drive reminds the 
body to sleep after a certain time and regulates sleep intensity. Sleep debt increases 
during waking and decreases during sleep “within a range that oscillates within a 
period that is normally entrained to day and night” by the circadian process (see 
below) [7].
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Role of Adenosine in Sleep Pressure
Adenosine accumulation in the brain plays a key role in regulation of sleep pressure. 
Essentially, adenosine builds up while we are awake, and as a consequence of 
increasing adenosine in the brain, there is an increasing pressure to sleep [15]. 
Adenosine promotes sleep and can inhibit arousal by blocking the orexin system 
(involved in wakefulness and arousal) [31]. During sleep, adenosine is broken 
down, and this is efficient if we have a full night’s sleep. The problem with not get-
ting enough sleep, however, is that adenosine concentrations remain too high, caus-
ing sleepiness into your day [15].

Adenosine agonists have been shown to inhibit cholinergic neurons, so it is 
thought that decreasing activity in the cholinergic, glutaminergic, and GABAergic 
cells in the mesopontine tegmentum region could facilitate sleep. Adenosine ago-
nists inhibit the wake-active hypocretin/orexin neurons in the hypothalamus and 
disinhibit or excite the sleep-active neurons in the preoptic/anterior hypothalamic 
area and the ventrolateral preoptic area, while in the basal forebrain, they inhibit 
wake-on neurons [32].

 Circadian Rhythms
The second process involved in sleep regulation is the circadian rhythm, our 24-h inter-
nal biological clock (also known as process C). Unlike the homeostatic process of 
sleep, the circadian process is independent of sleep and waking and receives cues from 
the external environment [7]. Such cues include light and darkness, or other external 
cues such as food, temperature changes, exercise, and even regularly timed social inter-
actions [7, 15]. Circadian rhythms are superimposed on the homeostatic sleep drive 
and confer different levels of sleepiness at different times of the day such as a decrease 
in alertness between 3.00 and 4.00 pm that occurs regardless of level of sleep [7].

Control of Circadian Rhythms
Our 24-h biological rhythmicity is regulated by specific internal clock genes. The 
part of the brain primarily responsible for regulating our circadian rhythms (or chro-
nobiology) is the suprachiasmic nucleus (part of the anterior hypothalamus), com-
prised of around 25,000 neurons [22, 33], though secondary clock systems have 
been identified in other parts of the brain and body [7, 34, 35]. All cells contain a 
core internal clock [30]. There have been several “core circadian clock genes” iden-
tified which are involved in regulation of circadian rhythmicity. These include 
CLOCK, BMAL1, PER1 (period circadian clock 1), PER2 (period circadian clock 
2), CRY1 (cryptochrome circadian clock 1), and CRY2 (cryptochrome circadian 
clock 2) [36]. For the most part, autoregulatory genetic feedback loops driven by the 
transcription factors CLOCK and BMAL1 generate circadian rhythms [35]. As 
described by Lafaye and colleagues [33], BMAL1 becomes heterodimerized with 
the CLOCK (or NPAS2) protein which activates translation of other particular 
genes, PER and CRY, whose mRNA builds up in the cell nucleus in the morning, 
while in the afternoon, the PER and CRY proteins become heterodimerized in the 
cytoplasm and then phosphorylated by casein kinase 1. This then inhibits activity of 
the BMAL-CLOCK heteromer in the evening [33, 36].
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The circadian rhythm is a little over 24 h: 24 h and 15 min approximately [15]. 
The brain uses cues called zeitgebers, environmental factors such as light, tempera-
ture, availability of food, and social interactions, to reset the circadian clock to 24 h. 
Photosensitive retinal ganglion cells in the eye carry information from light to the 
suprachiasmic nucleus via the retinohypothalamic tract. There are other inputs 
including afferents from the intergeniculate leaflet of the thalamus (integration of 
light and non-light information) and serotonergic projections from the raphe nuclei 
which are able to entrain the clock in a non-photic way, as well as affecting light 
input [37].

Circadian rhythms direct many different body functions, not just daily fluctua-
tions in wakefulness, including body temperature, metabolism, and release of hor-
mones. Circadian rhythms control the timing of sleep, causing us to become sleepy 
at night and wake up in the morning, synchronizing environmental cues (e.g., light, 
temperature), but they continue even in the absence of such cues [38].

Role of Melatonin in Circadian Rhythms and Sleep Pressure
Melatonin impacts on both aspects of regulation of the sleep-wake cycle, i.e., the 
circadian rhythm (process C) and the homeostatic drive to sleep (process S). It pro-
motes sleep onset and continuity in a “hypnotic” manner by increasing process S 
and entrains and shifts the circadian rhythm [39].

The suprachiasmic nucleus instructs the pineal gland to release melatonin into 
the bloodstream, and this is the chemical messenger that signals that darkness is 
occurring to the body. In this way it regulates the timing of when sleep occurs; how-
ever, it does not influence the generation of sleep per se to any great extent [15]. 
Melatonin is produced from a pathway that includes serotonin and tryptophan. 
Melatonin is secreted at twilight, increasing to a maximum in the middle of the 
night [7]. Once sleep occurs, melatonin levels slowly decrease. When sunlight 
appears the next day, melatonin production from the pineal gland is suppressed, and 
the absence of circulating melatonin signals the brain and body that sleep is over [7, 
15]. Most of melatonin’s chronobiotic and hypnotic effects are mediated by MT1 
and MT2 receptors which are located in the suprachiasmic nucleus in high density, 
and also in other areas of the brain and body [39]. Factors including light, medica-
tion, and behavior may alter melatonin levels [39].

Chronotypes and Circadian Rhythmicity
There is only a small range of variability in circadian rhythms in humans; however, 
there are differences between humans in terms of chronotype—the behavioral mani-
festation of our individual circadian rhythmicity [7]. Chronotypes are categorized 
into morning (14%), intermediate (70%), and evening (16%) types [40, 41], the first 
group being the “fowls” (those who are naturally early morning risers) and the last 
group being the “owls” (those who naturally like to go to sleep late). A person’s 
chronotype is partly genetically determined, but there are cultural and environmen-
tal factors involved [41].

Because of this phenomenon of chronotypes, rigidity in work hours and school 
start times, to name but a few, can be quite problematic. For example, if you are an 
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evening type, you will naturally go to sleep at a later time of the evening, but to get 
a good night’s sleep, you will need to get at least 8-h sleep. Getting up at 6 am for 
work will cut that time short and, as we also know, cut down the amount of REM 
sleep you are getting substantially. Greater detrimental health effects occur in those 
with evening chronotype including higher rates of depression, anxiety, cardiovascu-
lar disease, and cancer [15].

Core body temperature and melatonin levels are markers for circadian pro-
cesses [7]. Melatonin and adenosine are key chemicals involved regulating the 
sleep- wake cycle [30], though as we will see later, the endocannabinoid system is 
also involved.

 Regulation of the Sleep-Wake State
There have been various explanations for how the sleep-wake state is regulated. The 
two-process model for sleep regulation describes this interaction between the circa-
dian system and the sleep-wake homeostasis (sleep pressure) system. Essentially 
sleep-wake homeostasis (process S) increases during waking and decreases during 
sleep, interacting with the circadian processes (process C) which are independent of 
sleep and wake states and instead receives environmental cues, e.g., from light and 
other external cues [7]. However, a three-step model of sleep regulation has also 
been proposed [42] in which sleepiness and alertness are stimulated by three fac-
tors, the homeostatic process, the circadian process, and a sleep inertia process 
which takes into account additional factors such as sleep onset latency, length, and 
performance [7].

The Flip-Flop Switch Model of Sleep-Wake Cycle
The sleep-promoting and arousal systems are mutually inhibitory. A sleep switch 
model, also termed “flip-flop” model, has been proposed to explain the sleep-wake 
cycle. Essentially the brain has electrical circuits that switch on and off to promote 
the states of wakefulness and sleep, and these systems are mutually inhibitory 
(hence the name “flip-flop model”) [7]. Activation of arousal systems inhibits sleep-
promoting neurons, thereby facilitating wakefulness. Conversely, when sleep- 
promoting neurons are activated, this inhibits the arousal-promoting neurons, 
facilitating sleep.

• Awake state: orexin neurons promote the activity of monoaminergic nuclei. The 
monoaminergic cells (in the raphe nuclei, locus coeruleus, and tuberomammil-
lary nucleus) directly stimulate wakefulness, and the monoaminergic nuclei also 
inhibit sleep-promoting neurons in the ventrolateral preoptic nucleus (which 
then relieves the inhibition of orexin neurons and monoaminergic cells).

• Sleep state: ventrolateral preoptic nucleus neurons promote sleep. Disinhibition 
of the ventrolateral preoptic nucleus neurons inhibits orexin neurons which then 
prevent activation of monoaminergic nuclei. The ventrolateral preoptic nucleus 
neurons inhibit the monoaminergic neurons and thereby relieve their own inhibi-
tion (which occurs in the wake state) [30].
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Brain Pathways, Neurotransmitters, and Hormones Involved in the Sleep- 
Wake Cycle
There are several brain areas thought to be involved in sleep control including the 
mesopontine tegmentum (part of the cholinergic arousal system), hypothalamus, 
basal forebrain, and reticular activating system [30, 32].

• Brain pathways involved in wakefulness include: the ascending reticular activat-
ing system in the brainstem (which contains monoaminergic, cholinergic, hista-
minergic, and glycinergic neurons). These project to several brain regions 
including the thalamus, basal forebrain, and cerebral cortex [30]. The state of 
waking is modulated predominantly by neurons in the lateral and posterior hypo-
thalamus (synthesizing neurotransmitters such as orexins/hypocretins and hista-
mine) and in the brainstem (synthesizing noradrenaline [locus coeruleus], 
serotonin [dorsal raphe nucleus], and acetylcholine [peduncle pontine tegmental 
nucleus]) [25].

• Brain pathways involved in sleep promotion include the ventrolateral and medial 
preoptic nucleus which inhibits the ascending reticular activating system [30].

Neurotransmitters and Hormones Involved in Sleep-Wake Cycle Regulation
Several different neurotransmitters are involved in regulation of the sleep-wake 
cycle. These include serotonin, GABA, orexin, melanin-concentrating hormone, 
noradrenaline, cholinergic, galanin, and histamine [8]. Endogenous neurotransmit-
ters categorized as primarily wake-promoting and sleep-suppressing include cate-
cholamines, orexin, and histamine. Those which are primarily sleep-promoting and 
wake-suppressing include GABA, adenosine, serotonin, melatonin, and prostaglan-
din D2 [43]. These sleep-regulatory molecules interact in complex ways, and their 
effects are often dependent on the brain milieu or state [43].

An example of one of the key neurotransmitters is serotonin. Once considered the 
key neurotransmitter responsible for sleep, it is now known to be associated with both 
wakefulness and sleep, depending on the brain region and receptor type involved as 
well as the current behavioral state of the individual. Essentially higher levels of sero-
tonin are linked to wakefulness and lower levels with sleep. During sleep, serotonin 
levels are lowest during REM sleep. Brain acetylcholine (ACh) levels rise when sero-
tonin levels decrease. Some antidepressants such as selective serotonin reuptake 
inhibitors (SSRIs) inhibit REM sleep, supporting its role in modulating REM [44].

We will talk about the involvement of these neurotransmitters in chronic insom-
nia shortly.

Factors Affecting the Sleep-Wake Cycle
Factors affecting our sleep-wake cycle needs include the following: exposure to 
light (greatest influence), stress, medical conditions, medications, sleep environ-
ment, and nutritional factors and diet. Blue light, eating, physical activity, and social 
activity are considered zeitgebers or time-givers, able to influence our endogenous 
rhythms [30]. Night shift workers can have trouble falling asleep when they go to 
bed and have trouble staying awake at work as their natural circadian rhythm and 
sleep-wake cycle are disrupted [38].
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 Types of Sleep Disorders

There are several different types of sleep disorders. While many of these are associ-
ated with sleep loss, excessive sleep can also be problematic (as occurs in hyper-
somnolence disorder). Sleep can be examined from the perspective of quantity of 
sleep (duration) and quality of sleep [45]. Insomnia is the most common cause of 
sleep loss; however, there are several other causes including “chronic sleep restric-
tion,” defined as habitual sleep durations that are less than 7 h, but more than 4 h per 
night [46]. Chronic sleep restriction can occur due to work, medical conditions, or 
lifestyle [2]. Sleep loss can also be due to total sleep deprivation, as can occur in 
shift work, and it can occur in sleep disorders such as restless legs syndrome and 
sleep apnea [2].

A cross-sectional, population survey conducted in the USA between 2004 and 
2007 found that 28.3% of adults sleep 6 or fewer hours (chronic sleep restriction), 
8.5% sleep 9 or more hours, and only 63.3% sleep 7 or 8 h [47]. In Australia, around 
16.6% and 13.9% of middle-aged Australians reported short and long sleep, respec-
tively [48].

While much is understood about the detrimental effects of insomnia and short-
ened sleep, excess sleep also can adversely impact on health: long duration of sleep 
has been found to be associated with a significantly greater risk of developing or 
dying of coronary heart disease (RR 1.38), stroke (RR 1.65), and total cardiovascu-
lar disease (RR 1.41) [49]. In men, the European EGIT-RISC Study found that too 
little or too much sleep was associated with increased risk of diabetes or impaired 
glucose metabolism [50].

Common types of sleep disorders are set out in Table 8.1.

 What Is Insomnia?

The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) 
defines insomnia as difficulty getting to sleep, staying asleep, or having non- 
restorative sleep despite having adequate opportunity to sleep, together with associ-
ated impairment of daytime functioning, with symptoms being present for at least 
4 weeks [51]. Insomnia is characterized by an inability to initiate or maintain sleep 

Table 8.1 Types of sleep disorders

Sleep disorders
Insomnia
Hypersomnolence disorder
Narcolepsy
Breathing-related sleep disorders (obstructive sleep 
apnea)
Restless legs syndrome
Circadian rhythm sleep-wake disorders

Nightmare disorder
Non-REM movement sleep arousal 
disorders
Rapid eye movement sleep behavior 
disorder
Substance-/medication-induced sleep 
disorder

American Psychiatric Association [51]
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and can also include early morning awakening where the individual wakes up sev-
eral hours early and cannot fall back to sleep. Insomnia often manifests as excessive 
daytime sleepiness, which can result in functional impairment throughout the day 
[52]. Insomnia is either transient, acute, or chronic:

 1. Transient insomnia is a few insomniac episodes before or during a stressful 
experience [29].

 2. Acute insomnia is generally triggered by a precipitating event, and occurs over 
a duration of less than 4 weeks. Once the event passes, normal sleep returns 
[3, 51].

 3. Chronic insomnia is insomnia continuing for more than 4 weeks [51], and it 
tends to form a pattern of relapse and remission rather than resolving [53]. 
Chronic insomnia has a genetic component, with hereditary coefficients of 
42–57%, and it is more prevalent in women (female to male ratio of 1.4: 1 which 
increases to 1.7:1 over the age of 45 years) [54]. An estimated 50% of insomnia 
cases are due to psychological factors including stress, anxiety, and depres-
sion [55].

Defining chronic insomnia is not necessarily easy due to the heterogeneous 
nature of the complaint. Broadly speaking, it includes any aspect of sleep including 
initiation, duration, consolidation, and quality [22]. Authorities consider that more 
than 30 min trying to fall asleep or a similar time spent awake after falling asleep 
constitutes significant insomnia, and it needs to be present for most weeknights for 
over a month and be associated with significant daytime impairment. This can 
include malaise, lethargy, and cognitive blunting, in particular on tasks requiring 
attention, and in severe cases, can dominate the patient’s life [22].

 Subtypes of Insomnia

There are several subtypes of insomnia (all of which have been reported in associa-
tion with aging) including:

• Sleep-onset insomnia: persistent difficulty in falling asleep
• Sleep maintenance insomnia: difficulty staying asleep
• Early morning insomnia: identified by early morning awakenings
• Psychophysiological insomnia: characterized by cognitive and behavioral ele-

ments, stress, attention bias, and intrusive thoughts [29]

Insomnia as Primary and Secondary Phenomena
Insomnia may be a primary phenomenon, that is, reflecting an intrinsic sleep dis-
order, or it may be related to extrinsic factors including a medical condition, medi-
cations, environment, and other factors. Secondary insomnia is common in nearly 
all significant neurodegenerative and psychiatric conditions [22]. Some medical 
conditions which can be causes of secondary insomnia include asthma, esophageal 
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reflux, nocturia and hyperplasia of the prostate, pain syndromes (including neuro-
pathic pain, fibromyalgia, nocturnal headaches), and neurological conditions 
including restless legs syndrome and epilepsy [22].

 Prevalence of Insomnia

Insomnia is the most common sleep disorder, and chronic insomnia affects 9–15% 
of the general population worldwide, with a prevalence of approximately 6% in 
countries of high income [56].

The prevalence of short sleep in the USA, defined as less than 7-h sleep per night, 
is 35.2%, with much variability across races. The age-adjusted prevalence of short 
sleep duration was higher in Native Hawaiians/Pacific Islanders (46.3%), non- 
Hispanic blacks (45.8%), multiracial non-Hispanics (44.3%), and American Indians/
Alaska Natives (40.4%) compared with non-Hispanic whites (33.4%), Hispanics 
(34.5%), and Asians (37.5%) [4].

 Insomnia Can Be Persistent

Insomnia is common and persistent in many, with older persons particularly vulner-
able to persistent symptoms. A survey conducted in the UK for 2363 participants 
found that 37% had insomnia and 63% didn’t at the start of the study. Of those 
without insomnia at baseline, the incidence of insomnia 12 months later was 15% 
and found to be significantly associated with anxiety, depression, and pain at base-
line. Of those who had insomnia at baseline, 67% still had insomnia 12 months 
later, and persistence was significantly associated with increased age. Insomnia at 
baseline was found to be significantly associated with pain, anxiety, and depression 
at 12-month follow-up. This study demonstrates that pain, insomnia, and psycho-
logical distress are often comorbid [57], something that will be discussed in more 
detail later.

 Insomnia in the Aging Population

What is often overlooked is the fact that sleep becomes aberrant as we age [29]. 
Insomnia and excessive daytime sleepiness or hypersomnolence are common sleep 
complaints within the aged population [29]. Chronic insomnia has been found to 
affect 57% of the US elderly population [29, 58].

 Risk Factors for Short Sleep

There are several risk factors for shortened as well as long sleep duration. The 
2004–2007 National Health Interview Survey Sample Adult Files in the USA which 
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provided nationally representative data for 110,441 US adults 18 years and over 
found that the following were associated with both short and long sleep duration:

• Being older
• Being non-Hispanic black
• Being a smoker or former smoker
• Lower level of education
• Lower income level or few income sources
• Consuming few or numerous alcoholic drinks per week
• Reporting cardiovascular disease, diabetes, depression, underweight, or activity 

limitations [47]

Other variables associated with short sleep duration included living with young 
children, being unmarried, working long hours, and more frequent binge drinking 
[47]. Insomnia is more prevalent in women than men [60]. Other factors that can 
contribute to insomnia are an excessively sedentary lifestyle and very irregular 
sleep-wake scheduling during the week and on weekends [22].

 Comorbidities of Insomnia

Insomnia interacts with several different medical conditions. Comorbidities of sleep 
disorders include:

• Chronic pain [61].
• Neurological illness, e.g., >80% of MS patients suffer from debilitating fatigue 

symptoms and complain of significant sleep disturbance [61].
• Obesity (risk factor for cancer, cardiovascular disease, and others) [10].
• Altered moods, anxiety, and depression [62, 63].
• MS may also be associated with sleep apnea (which has been shown to respond 

favorably to treatment with THC in an animal model) [64].

Sleep loss causes impairment in cognitive performance, and it induces fatigue, 
sleepiness, and mood changes and has been shown to impair driving performance 
in simulated driving experiments [2]. In fact, lack of sleep has been found to be as 
dangerous as alcohol with respect to driving [2]. It has also been associated with 
motor vehicle and industrial accidents and increased all-cause mortality [48, 
65, 66].

Partial sleep deprivation has been found to impact on glucose metabolism and 
neuroendocrine function which can lead to alterations in carbohydrate metabo-
lism, protein synthesis, appetite, food intake, and protein synthesis [7, 8]. Of 
course, these factors are important in all people, but can be particularly relevant in 
athletes [8].
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 Insomnia and Cardiovascular Disease
Insomnia has been found to be associated with a range of cardiovascular diseases 
(CVD) [49, 65, 67] and risk factors including hypertension [62, 68–70], diabetes 
[71], and obesity [72, 73]. Lack of sleep and shortened sleep duration result in 
decreased insulin sensitivity, increased cortisol levels in the evening, increased 
ghrelin (hormone that increases appetite and promotes fat storage), and decreased 
leptin (hormone that promotes satiation) [74, 75]. An Italian study conducted over 6 
years found that each additional hour of sleep decreased the incidence of obesity by 
30% [74].

Evidence from a systematic review demonstrates that shortened sleep duration is 
associated with a significantly greater risk of developing or dying of coronary heart 
disease (i.e., a 48% increased risk, with a relative risk of RR 1.48), and also an 
increased risk of stroke (RR 1.15) [49].

 Sleep and Obesity and Diabetes
Too little and too much sleep has been found to be associated with a higher risk of 
diabetes [71]. In a large US study conducted between 1982 and 1992, the odds ratio 
of incident diabetes over the follow-up period for individuals with sleep durations 
of 5 h or less was 1.47 (95% CI 1.03–2.09) and for those with sleep durations of 9 h 
or more, 1.52 (95% CI 1.06–2.18) [71].

Chronic sleep restriction may increase risk of diabetes and obesity through sev-
eral different mechanisms of action. These include adverse impacts on glucose 
homeostasis, dysregulation of the neuroendocrine control of appetite, and reduction 
in energy expenditure [76].

Studies in healthy participants indicate that sleep restriction has an adverse 
effect on glucose homeostasis, associated with a rapid, marked decrease in insulin 
sensitivity (which is not compensated for by pancreatic beta cells), thereby increas-
ing risk of diabetes [76]. Many studies indicate shortened sleep increases the risk 
of developing or having diabetes type 2 and impaired glucose tolerance [76–79]. 
This link between shortened sleep (as well as poor sleep) and diabetes risk is sup-
ported by prospective epidemiological studies in several populations [76, 77, 
80, 81].

Multiple lines of evidence also link shortened sleep with obesity [76, 82], and of 
course, it is known that obesity is a risk factor for diabetes and other cardiovascular 
diseases, as well as cancer. This evidence includes cross-sectional studies in several 
different countries which have found statistically significant associations between 
shortened sleep and obesity in adults [82–85] and in children (e.g., Chaput et al. 
[86]; Seicean et al. [87]), as well as prospective epidemiological studies in adults 
and children (see Knutson and Van Cauter [76]). A meta-analysis of cross-sectional 
studies (over 600,000 adults) found an odds ratio for short sleep duration and obe-
sity of 1.55 [82].

The pathomechanisms by which sleep deprivation negatively impacts on metab-
olism include upregulation of orexin neurons, increased sympathetic nervous 
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system activity, increased evening cortisol levels, and increased daytime growth 
hormone levels which can all lead to increased insulin resistance and decreased 
glucose tolerance, thereby increasing diabetes risk [76].

Studies have demonstrated that the neuroendocrine control of appetite becomes 
dysregulated when sleep is restricted [76]. Sleep restriction impacts on two key 
hormones involved in appetite regulation, leptin (signals satiety) and ghrelin (sig-
nals hunger). A study of healthy men who were deprived of sleep (sleeping 4 h a 
night for two nights) found an 18% decrease in leptin, a 28% increase in the hor-
mone ghrelin, and a 24% increase in appetite, with an increased urge for sweets, 
salty foods, and starchy foods (e.g., pasta, bread) [88]. Acute loss of sleep has been 
found to be associated with increased food intake and portion sizes [89, 90] as well 
as increased hedonic response to food and impaired ability to inhibit prepotent 
responses to rewarding food stimuli [91–93].

Less sleeping time can also mean more time to eat. Lack of sleep and associated 
daytime fatigue may result in less energy being expended, and this may occur 
through less physical activity as well as decreased non-exercise activity thermogen-
esis (NEAT). This reduction in energy expenditure could also link short sleep to 
increased risk of overweight and obesity (NEAT) [76].

 Insomnia and Anxiety, Depression, and Pain
Insomnia has been found to be associated with depression [59, 62, 63], anxiety [59], 
cognitive decline [94], cortical atrophy [95], and decreased immune functioning 
[96]. Epidemiological, cross-sectional, and prospective studies indicate that insom-
nia, chronic pain, and depression are mutually interacting, each increasing risk for 
emergence and/or exacerbation of the other [97].

Adolescent insomnia has been found to be a risk factor for early adult depression 
and substance abuse [2]. Night shift workers triple their risk of a mental health ill-
ness [1].

The presence of insomnia in anxiety disorders is associated with increased mor-
bidity. For example, in PTSD, insomnia is associated with a greater likelihood of 
suicidal behavior, depression, and substance abuse [98]. The relationship between 
insomnia and anxiety disorders is also affected by comorbid depressive disorder 
[99]. Insomnia is a common side effect of antidepressants, so it is important to 
check the potential side effects of antidepressants in patients who are taking these 
and reporting insomnia [100].

A study in the UK found that patients with musculoskeletal pain had a signifi-
cantly higher prevalence of insomnia (difference 25.5%, p < 0.0001), anxiety (dif-
ference 24.3%, p < 0.0001), and depressive symptoms (difference 11%, p < 0.0001) 
compared with those without such pain. Patients with both musculoskeletal pain 
and insomnia had significantly higher levels of anxiety and symptoms of depression 
compared with patients who had musculoskeletal pain but not insomnia (p < 0.0001), 
and these remained significant after controlling for age, sex, and body mass index in 
statistical analysis [101].
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Sleep monitoring of patients with advanced cancers demonstrated opioid treat-
ment, and pain disrupted nocturnal sleep, prolonged sleep latency, and limited 
attainment of stages 3 and 4 NREM sleep as well as REM sleep [102]. Such sleep 
disturbances were found to be due to opioid treatment itself, which contributed to 
depression and enhanced pain [103]. Therefore, there is a need for new approaches 
to the management of chronic pain and resultant sleep disorders [61].

 Insomnia and PTSD
As we saw in the last chapter, sleep disturbances (e.g., insomnia, daytime sleepi-
ness, nightmares) are hallmark features of PTSD [51, 104, 105]. Studies have shown 
that PTSD sufferers experience more stage 1 sleep and less slow-wave sleep (NREM 
sleep, indicative of more shallow sleeping) and greater rapid eye movement density 
[106]. There is evidence that PTSD sufferers engage in substance abuse in order to 
cope with these symptoms: rates of substance abuse are much higher in those with 
PTSD, and this relationship is partly mediated by sleep problems [107].

 Insomnia and Cognition
It is generally agreed that insufficient sleep leads to slower response speed and 
greater performance variability for simple measures of alertness, attention, and vigi-
lance [108]. There is less agreement in the literature, however, about the effect of 
lack of sleep on higher-order cognitive functions (e.g., perception, memory, and 
executive functions), in particular if it affects cognitive abilities globally or whether 
it affects some aspects more specifically [108].

Neuroimaging studies suggest the prefrontal cortex may be affected by sleep 
deprivation, but executive function tasks that assess prefrontal functioning have not 
found consistent results. It seems that some aspects of higher-level cortical function 
remain degraded after sleep deprivation, even when alertness and vigilance have 
been restored. Increasingly, evidence indicates a lack of sleep may affect cognitive 
systems that rely in particular on emotional data or information [108].

 Insomnia and Cancer
Insomnia occurs at a much higher rate (three times) in cancer patients than the gen-
eral population [109], affecting up to 50% of cancer patients [110, 111]. There are 
many factors that might lead to disruption of sleep in cancer patients, including 
anxiety and cancer-related pain, for example, as well as treatments such as chemo-
therapy, radiotherapy, use of corticosteroids (e.g., dexamethasone), use of antiepi-
leptics (in treatment of brain tumors), and psychoactive medications. In those with 
brain tumors, damage to the brain parenchyma from the tumor or its surgical treat-
ment might also be involved [111]. In patients with recurrent glial tumors, for exam-
ple, 46.8% of patients reported insomnia, with around 20% using sleep medication. 
In this study, corticosterone use was significantly associated with insomnia [111].

Looking at it from the other direction, though, there is some evidence that disrup-
tion and sleep loss are associated with increased risk of prostate cancer [112] and 
longer sleep duration with colorectal cancer [113].
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 Inflammation, Immune Function, and Sleep

How poor sleep affects the body at the cellular level is complex. Sleep disturbance 
including short sleep is a risk factor for inflammation [45], and as it is well known, 
inflammation underpins many (if not all) chronic illnesses such as cardiovascular 
disease and cancer.

Research indicates that sleep is involved in the regulation of inflammatory cyto-
kines and hormones. Sleep is involved in the nocturnal regulation of interleukin-6 
(IL-6) as well as growth hormone: analysis of sleep stages in healthy males showed 
that there was a nocturnal increase in IL-6 associated with stage 1–2 sleep and REM 
sleep (though levels during slow-wave sleep were no different from those while 
awake), and growth hormone showed a similar pattern. In contrast, melatonin and 
cortisol levels showed no concordance with sleep [114]. The authors of this study 
posited that given the association between increases in IL-6 and REM sleep, distur-
bances in sleep architecture could interfere with sleep-associated IL-6 release. They 
suggest that in depression as well as aging where REM sleep is increased at the 
expense of slow-wave sleep, abnormal elevations in IL-6 might occur, with conse-
quent implications for inflammatory disease risk [114].

Loss of sleep can induce a functional alteration of the monocyte proinflamma-
tory response and the molecular processes controlling cellular immune activation 
and inducing inflammatory cytokines. IL-6 plays an important part in the function 
and regulation of the immune system’s peripheral blood mononuclear cells. It is an 
inflammatory cytokine which causes fatigue and somnolence and activation of the 
HPA axis [115], and is under the tonic negative control of glucocorticoids [116]. It 
is secreted during stress and is positively controlled by catecholamines. IL-6 stimu-
lates secretion of growth hormone, as well as inhibiting thyroid-stimulating hor-
mone secretion and decreasing serum lipid concentrations [116].

IL-6 may be involved in sleep mediation and may be influenced by circadian and 
homeostatic processes [115]. Circulating levels of IL-6 are low during the day and 
higher at night under normal circumstances. A night of total sleep loss in healthy 
young men was associated with a significant shift in the circadian secretion of IL-6, 
with undersecretion of IL-6 at nighttime and a significant increase in circulating 
IL-6 levels the following day along with increased sleepiness, and fatigue [115]. 
Levels of IL-6 during the day were negatively related to the amount of nocturnal 
sleep. The daytime oversecretion of IL-6 may be responsible for the fatigue and 
somnolence experienced during the day. This study suggests that having a good 
night’s sleep is associated with lower daytime secretion of IL-6 and therefore 
decreased exposure to the proinflammatory effects of this cytokine [115].

In another study, sleep loss was found to induce a significantly greater monocyte 
production of IL-6 and TNF-α, and a three- and twofold increase in transcription of 
IL mRNA and TNF-α mRNA, respectively [117]. Sleep loss was also found to be 
associated with changes in NF-κB in a small study of 14 healthy volunteers (7 
women, 7 men): there was a significantly greater level of mononuclear cell NF-κB 
activation the morning after a night of sleep loss compared with morning levels after 
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uninterrupted baseline sleep in women though not in men [118]. The authors of this 
study concluded that NF-κB activation may be a molecular pathway by which dis-
turbed sleep might impact on leukocyte inflammatory gene expression and risk of 
inflammation-associated illness [118].

Sleep restriction of young healthy adults to 6 h per night for 1 week was associ-
ated with significantly increased sleepiness, impaired psychomotor performance, 
and increased secretion of proinflammatory cytokines, evidenced by an increase in 
the 24-h secretory profile of IL-6 (both genders), an increase in TNF-α (men), and 
lower peak cortisol secretion (compared to baseline) [119]. Another study showed 
that sleep restriction to 4 h/day for 6 days was associated with significant impair-
ment of glucose metabolism [120].

Meta-analysis
A meta-analysis of 72 studies found that sleep disturbance was associated with sta-
tistically significant increases in levels of two markers of systemic inflammation, 
C-reactive protein (CRP) and IL-6 [121]. You will recall that CRP is an acute-phase 
protein of hepatic origin that increases following IL-6 secretion by macrophages 
and T cells that targets lysophosphatidylcholine on the surface of dead or dying cells 
(and some types of bacteria) in order to activate the complement system [122]. An 
interesting fact reported in this systematic review was that it appears women may be 
more susceptible to the ill effects of sleep disturbance than men, as individual stud-
ies showed greater increases in CRP and IL-6, greater increase in NF-κB, and 
greater increase in toll-like receptor 4 (TLR-4) simulated monocyte production of 
inflammatory cytokines (see Irwin et al. [121] for individual studies).

 Treatment of Insomnia

There are a variety of treatment options for insomnia including sleep hygiene rec-
ommendations, acupuncture, psychological therapies such as cognitive behavioral 
therapy, hypnotherapy, pharmaceutical approaches, and more. Changes such as 
sleeping on a regular schedule, exercising, avoiding caffeine, reducing stress, and 
avoiding daytime naps can be all help [123].

 Cognitive Behavioral Therapy
Cognitive behavioral therapy (CBT) is usually the first-line therapy for treatment of 
insomnia [54, 123] with research indicating that it can be equally or more effective 
than pharmaceutical medication for chronic insomnia [124, 125] (Mayo Clinic). In 
CBT, the patient works with a therapist who guides them to identify beliefs, 
thoughts, and behaviors that contribute to poor sleep and replace them with those 
that contribute to good sleep. CBTY techniques include sleep restriction, relaxation 
training, stimulus control therapy, remaining passively awake, and light ther-
apy [123].
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 Pharmaceutical Approaches
Pharmaceutical approaches to treatment of insomnia include hypnotics and benzo-
diazepines, benzodiazepine receptor agonists, antidepressants, dopamine-blocking 
agents, antiepilepsy drugs, analgesics, antihistamines (e.g., medicines containing 
diphenhydramine), and melatonin [22, 126]. Hypnotics are the most common class 
of drugs used to treat insomnia; however, there are concerns about tolerance, morn-
ing side effects, and, in some cases, addiction [22].

In general, the problem with pharmaceuticals used to treat insomnia is that many 
are associated with side effects, some can be addictive, and many don’t work well. 
For example, many drugs including benzodiazepines and most antidepressants pro-
duce drowsiness but often do not improve quality of sleep, and rarely do hypnotic 
or sedative drugs increase or improve deeper NREM sleep states [22].

 Pathophysiology of Insomnia

There are several models of insomnia that have been developed to explain its patho-
genesis. These include the hyperarousal theory, the local sleep theory, the neurocog-
nitive model, the REM sleep instability model, the psychologic inhibition model, 
and the cognitive model [43]. Other factors that may be involved in the pathophysi-
ology of insomnia include genetics, neuroanatomical changes in particular brain 
regions, and alterations in hormones and neurotransmitters involved in sleep regula-
tion. We will discuss these briefly. Readers are referred to Levenson et al. [43] for 
an in-depth discussion of these.

 Hyperarousal Theory of Insomnia

Insomnia is considered a disorder of hyperarousal of both central and peripheral 
nervous systems, i.e., cortical and autonomic. The term hyperarousal may also refer 
to hyperarousal of emotional and cognitive processes. Hyperarousal has been con-
ceptualized as “heightened physiologic, affective or cognitive activity, which inter-
feres with the natural ‘disengagement from […] the environment’ and decreases the 
likelihood of sleep” [43]. Hyperarousal may be detected by objective markers such 
as increased cortisol levels, EEG, and heart rate variability, and it may also be 
reported by the individual subjectively, for example, the experience of not being 
able to switch off. Cognitive and affective hyperarousal at bedtime has been hypoth-
esized to contribute to acute and chronic insomnia [43].

However, according to Levenson et al. [43], despite evidence in support of the 
hyperarousal theory, for example, changes in various markers of physiologic arousal 
(cortisol, adrenocorticotropic hormone) recorded in insomniacs, there are some as- 
yet unresolved issues including whether hyperarousal is a cause or effect of insom-
nia. They also state that therapies that address hyperarousal such as relaxation 

8 Insomnia



343

training are often not as effective as therapies targeting enhancement of sleep pro-
cesses like sleep restriction. Finally, they point out that physiologic markers of 
hyperarousal could just as easily be seen as insufficient inhibition of arousal by 
sleep-promoting processes [43].

 Other Models of Insomnia

Other theories of insomnia such as the local sleep theory center on the idea that 
synchronous firing in cortical columns locally propagates slow-wave activity in sur-
rounding regions, leading to a global sleep state. Another theory is based on the 
two-process model described earlier, in which insufficient sleep propensity occurs 
due to dysfunction of the S or C (sleep pressure or circadian) processes. Yet another 
theory posits that the overriding of the flip-flop switch (described earlier) underlies 
insomnia and that chronic coactivation of sleep and wake circuits during the desired 
sleep period is the underlying problem. Others have suggested that in insomnia, 
individuals transition rapidly in and out of sleep-wake states (like a flickering 
switch) [43].

The neurocognitive model of insomnia suggests that acute insomnia is the result 
of maladaptive coping strategies and may develop into chronic insomnia due to 
conditioned arousal. The REM sleep instability model suggests that insomnia is 
related to decreased percentage of REM sleep and increased REM EEG arousals. 
The “3P model” describes predisposing, precipitating, and perpetuating factors that 
contribute to insomnia development and maintenance. Examples of perpetuating 
factors are behaviors and beliefs which serve to maintain insomnia including the 
idea of “catch-up sleep” [43].

In the cognitive model of insomnia, it is argued that insomniacs are prone to 
excessive worry and intrusive thoughts, in particular about getting enough sleep, 
which can develop into sleep-related anxiety and increased vigilance leading to an 
exaggeration of sleep disruption. A related theory is the psychologic inhibition 
model where sleep is seen as automatic and insomnia a failure of automatic 
sleep [43].

 Genetics and Insomnia

Genetics are understood to play a role in the pathophysiology of insomnia, with 
several gene variants associated with insomnia. In a 2017 study of 113,006 indi-
viduals, researchers found 7 genes associated with insomnia, and the one gene most 
strongly associated with insomnia complaints (MEIS1) was also associated with 
restless legs syndrome. Significant correlations were found between insomnia com-
plaints and ten other traits, with strong positive genetic correlations found with 
anxiety, depressive symptoms, neuroticism, and major depressive disorder, and 
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positive but weaker correlations with metabolic traits including diabetes type 2, 
waist circumference, waist-to-hip ratio, and body mass index. There were also sub-
stantial negative genetic correlations between insomnia complaints and subjective 
well-being and educational attainment [127].

 Neuroanatomical and Functional Brain Changes in Insomnia

Studies of the brains of animals and humans have identified brain regions that are 
linked with insomnia. For example, patients with insomnia have been found to have 
gray matter volume changes in the cerebellum and the lingual, precentral, and post-
central gyri compared with controls [128]. Interestingly, these areas were also found 
to show a similar pattern in migraine sufferers [128].

Other studies in humans have found reduced gray matter volume in several brain 
areas including left orbitofrontal, prefrontal, precuneus, and temporal cortices in 
insomniacs, and in animal studies, lesions in various areas including the thalamus, 
raphe nucleus, and mediobasal preoptic area have been found to result in insomnia 
[43]. An activation likelihood estimation meta-analysis for multimodal neuroimag-
ing in insomnia indicated that insomnia patients showed significant gray matter 
reductions in the right middle frontal gyrus compared with healthy controls [129]. 
In positron-emission tomography studies, analysis indicated reduced relative cere-
bral glucose metabolism in the right amygdala, right anterior cingulate cortex, and 
right posterior cingulate gyrus in insomniacs compared with healthy controls. When 
this study examined diffusion tensor imaging studies, insomnia sufferers showed 
reduced fractional anisotropy values in the left putamen and right caudate body, and 
reduced regional homogeneity in several brain regions, compared with healthy con-
trols [129].

 Neurotransmitter and Hormone Involvement in Insomnia

We have seen that there are many different neurotransmitters and hormones involved 
in regulation of the sleep-wake cycle. If we look at the effects of particular drugs 
used to treat insomnia, we see a range of neurotransmitters targeted. For example, 
benzodiazepine receptor agonists promote sleep by enhancing the inhibitory action 
of GABA, while the sedative effects of drugs like doxepin (tricyclic) and trazodone 
are achieved by targeting the histaminergic arousal system, and new drugs such as 
suvorexant are orexin receptor antagonists [43].

According to Levenson et al. [43], there has been no consistent pattern which 
emerges from the studies into the role of wake- and sleep-promoting molecules in 
insomnia. While a few molecular studies have been carried out in insomnia (e.g., 
investigating levels of calcium, GABA, melatonin, noradrenaline, corticotropin- 
releasing hormone, adrenocorticotropic hormone, and cortisol in insomniacs versus 
controls), findings have been mixed, though attempts have been made to explain 
findings within the context of the hyperarousal hypothesis. The complicating issue 
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is the complexity with which sleep-regulatory molecules interact with each other 
and effects often depend on the brain milieu, so it is unlikely that changes in one 
type of molecule will be the key to explaining all cases of insomnia—it appears far 
more complex than that. Levenson et al. [43] suggest that a better way of thinking 
about it may be that chronic insomnia is due to a breakdown of the alternating 
rhythms of wake- and sleep-regulatory molecules in the brain.

Now let us have a look at how the endocannabinoid system might be involved in 
sleep regulation, as well as what happens in insomnia.

 The Endocannabinoid System and Regulation of Sleep

The endocannabinoid system (ECS) is involved in the circadian sleep-wake cycle, 
including maintenance and promotion of sleep, and the ECS may provide the link 
between the circadian regulation systems (suprachiasmic nucleus) and the physio-
logical process of sleep [37, 130]. Support for the role of the ECS in circadian 
rhythms comes from research that has found that plasma concentration of the endo-
cannabinoid AEA demonstrates a circadian rhythm, that lack of normal sleep causes 
ECS dysregulation, and that elevation of cannabinoid receptors is involved in the 
homeostatic recovery of sleep following non-normal sleep [37, 130].

Both the endocannabinoids and other non-endocannabinoid N-acyl-
ethanolamines (NAEs) are involved in the sleep-wake cycle. Two such members of 
the NAE family are oleoylethanolamide (OEA) and palmitoylethanolamide (PEA) 
which are active endogenous lipids which bind to PPAR-α (but not CB1 receptors) 
[25]. Oleamide is another endocannabinoid amide involved with sleep that is syn-
thesized in neuroendocrine cells from oleic acid and glycine similar to endogenous 
neurotransmitter compounds.

Rodents have been used extensively to study the sleep-wake cycle as they have 
similar neurocircuitry and neurochemistry to humans, though there are key differ-
ences: mice and rats are polyphasic sleepers and have shorter and more frequent 
bouts of slow-wave sleep (akin to NREM sleep) and paradoxical sleep (akin to 
REM sleep) than humans, and they spend more time sleeping than humans (12–15 h 
compared with our 7–8 h) [131]. Another difference is that mice and rats are more 
nocturnally active whereas humans are diurnal, and we are active during the day and 
sleep at night [131]. In rat studies, rats are subjected to periods of lights-on and 
lights-off (i.e., light-dark phases): during the light phase, rats spend more time 
sleeping, while the dark phase corresponds to increased arousal and wake activities 
[131]. Much of what we understand about the endocannabinoid system and sleep is 
gleaned from rodent research.

In summary, the following effects of components of the ECS in relation to the 
sleep-wake cycle are supported in the literature [25, 131]:

• Endocannabinoids:
 – AEA fluctuates diurnally in several brain regions (in opposite direction to 

2-AG): higher during dark phase of light-dark cycle (rats).
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 – 2-AG fluctuates diurnally in several brain regions (in opposite direction to 
AEA): higher during light phase of light-dark cycle (rats).

 – Oleamide: involved in sleep modulation and promotes sleep.
• Cannabinoid receptors:

 – CB1 receptors fluctuate diurnally.
 – CB2 receptors don’t fluctuate diurnally.

• NAEs:
 – Oleoylethanolamide (OEA) promotes waking.
 – Palmitoylethanolamide (PEA) promotes waking.

 Cannabinoid Receptors and Sleep

CB1 receptors are involved in sleep, demonstrated in rat experiments in which 
antagonism of CB1 receptors blocked the sleep-promoting effects of CB1 agonists 
and acute elevation of endocannabinoids [132]. AEA and 2-AG promote sleep 
through the activation of CB1 receptors [29]. CB1 receptor inverse agonists were 
shown to decrease REM sleep, implicating CB1 receptors in promoting deep sleep 
(including when there was no pharmacological enhancement of 2-AG and AEA 
signaling) [131, 132]. Blockade of CB1 receptors increases wakefulness and reduces 
sleep [25].

As explained by Kesner and Lovinger [131], the intracellular mechanisms proxi-
mal to CB1 activation are probably the first steps in sleep regulation, in which the 
Gαi/0 subunit liberated then inhibits adenyl cyclase. This enzyme catalyzes production 
of cAMP, and cAMP signaling is highly controlled in sleep regulation. The mecha-
nism from this point on is complex (readers are referred to Kesner and Lovinger 
[131]); however, it seems that the presynaptic CB1 receptor may reduce the release of 
various neurotransmitters via different mechanisms, not dissimilar to hypnogenic 
pharmaceuticals such as benzodiazepines and non-benzodiazepine- type hypnogenics 
(which reduce neuronal activity by blocking excitatory tone or increasing inhibitory 
tone). Another way in which CB1 receptors may be involved in sleep regulation is via 
altering intracellular signaling in glia, implicated in research demonstrating that neu-
rons in the suprachiasmic nucleus release endocannabinoids which activate astrocyte 
signaling which then impacts on circadian timing [131].

 Diurnal Fluctuations of CB1 Receptors
Levels of CB1 receptors but not CB2 receptors fluctuate diurnally [133]. Rat experi-
ments indicate that CB1 receptor protein expression in the pons (an area of the 
brainstem involved in sleep-wake regulation and REM sleep generation) fluctuates 
diurnally, peaking during the lights-on period (which is the time when mice are 
generally sleeping) [134]. In contrast, CB1 receptor protein expression was highest 
in the rat cerebral cortex during the dark phase (lights-off) [133]. There are also 
diurnal fluctuation in the genes coding for CB1 receptors, with CB1 mRNA highest 
during the dark phase (no fluctuations in CB2 mRNA), while the CB1 receptor pro-
tein expression was greater during the light phase [133].
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As discussed earlier, there are two mechanisms involved in sleep regulation: the 
homeostatic drive (sleep pressure—involving adenosine) and the circadian rhythm 
processes. Research in mice indicates that the ECS plays a role in regulating sleep 
stability rather than mediating sleep homeostatic drive [131]. For example, in mice 
experiments blocking of CB1 receptors did not affect overall sleep time or amount 
of sleep following sleep deprivation [131] contrary to expectations in homeostasis. 
Instead, individual bouts of sleep architecture were modified for, perhaps, effi-
ciency. Polysomnography experiments in mice support the contention that endocan-
nabinoid signaling via CB1 receptors is necessary for NREM stability but not 
necessarily for sleep homeostasis and that homeostatic regulation of sleep remains 
intact in the absence of CB1 receptor signaling [132].

 CB1 Receptors and Orexins/Hypocretins and Melanin-Concentrating 
Hormone Neurons
Orexins/hypocretins (OX) neurons and melanin-concentrating hormone (MCH) 
neurons in the lateral hypothalamus modulate different stages of the sleep-wake 
cycle. OX neurons are wake-active and promote wakefulness, and MCH neurons 
are REM sleep active and promote REM sleep [135]. In vitro studies indicate that 
activation of CB1 receptors in the lateral hypothalamus of rats excites MCH neu-
rons and inhibits OX neurons, thereby promoting sleep overall [136]. In a rat experi-
ment, 2-AG was found to increase REM sleep via activation of CB1 receptors in 
MCH neurons [136].

 Endocannabinoids and Sleep

Evidence indicates involvement of the ECS in circadian components of the sleep- 
wake cycle [131]. Research evidence suggests that both endocannabinoids and 
NAEs are under circadian control [25]. AEA and 2-AG promote sleep by activating 
CB1 receptors, while NAEs promote waking [25, 29]. Endocannabinoids promote 
REM sleep by interacting with melanin-concentrating hormone neurons in the lat-
eral hypothalamus and also promote NREM [25].

 Endocannabinoids Fluctuate and Follow Circadian Rhythmicity
Endocannabinoids exhibit diurnal fluctuations in neural tissue and follow circadian 
rhythmicity [37], and animal research suggests CB1 receptor signaling is involved 
in circadian rhythmicity [137].

Rat studies indicate that AEA and 2-AG fluctuate diurnally in several brain 
regions including the hippocampus, PFC, hypothalamus, striatum, pons, and nucleus 
accumbens and also in cerebrospinal fluid, with differences in peak activity depend-
ing on region [25, 29, 131]. For example, in the PFC, striatum, nucleus accumbens, 
and hippocampus (areas involved in learning, memory, and sensorimotor functions), 
AEA and 2-AG have opposite diurnal rhythms; levels of AEA are higher and FAAH 
significantly lower during the dark phase, and 2-AG is higher during the light phase 
[138, 139]. In the pons (area of the brainstem involved in sleep-wake regulation and 
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generation of REM sleep), AEA levels are lower during the light phase and maximal 
during the dark phase [138]. Diurnal fluctuations have also been found in activity of 
the ECS enzymes (FAAH, MAGL, DAGL) [139], potentially related to light-dark 
cycle fluctuations in their encoding genes [25].

There is less consistency in human studies. One study in healthy humans 
found that plasma concentrations of AEA exhibit a circadian rhythm, with con-
centrations three times higher on awakening than just before sleep [37]. After 
24 h of sleep deprivation, there was an increase in AEA, in particular in the eve-
ning after sleep deprivation [37]. The significance of this is unclear; it may indi-
cate that AEA promotes sleep or that the higher concentration was facilitating 
wakefulness [25]. Diurnal variations in 2-AG have also been found in human 
studies, with the lowest levels in the middle of sleep (e.g., around 2–4 am) and 
highest levels in the early afternoon [140, 141] suggesting involvement in pro-
moting wakefulness [25].

Animal Studies: AEA
Animal studies suggest AEA (and 2-AG) promotes sleep (NREM, REM) and 
reduces wakefulness [136, 142, 143]:

• Intracerebroventricular administration of AEA increased slow-wave sleep and 
REM sleep at the expense of wakefulness, as well as deteriorating memory con-
solidation and increasing locomotor activity [144].

• Injection of AEA increased adenosine levels with peak levels 2–3 h after injec-
tion, and a significant increase in slow-wave sleep occurred during the third hour 
also. Sleep induction and adenosine increase were blocked by a CB1 receptor 
antagonist, indicating this effect was mediated by CB1 receptors [143].

• FAAH knockout mice (FAAH gene is disrupted, leading to increased endoge-
nous AEA levels and reduced hydrolysis rates for AEA and oleamide) showed 
higher values and more intense episodes of slow-wave sleep than control mice, 
supporting the role of AEA and oleamide as modulators of sleep [145].

• Inhibition of AEA membrane transporter function has also been found to enhance 
sleep [146].

However, there have been some inconsistencies. Some experiments have shown 
that inhibition of FAAH activity (which should increase the amount of AEA avail-
able) promotes wakefulness [148, 147], and one study found that an FAAH inhibitor 
decreased NREM sleep [132]. The apparent lack of consistency in study findings 
probably relates to different administration routes and dosing, including timing of 
dosing in the light-dark cycle of the rodents [131].

Animal Studies: 2-AG
The effect of 2-AG appears to depend on brain region and may be sleep-promoting 
in some and wake-promoting in others [131]. When an MAGL inhibitor was given 
to rats systemically to increase 2-AG tone, slow-wave sleep was significantly aug-
mented (slight reduction in paradoxical sleeping) when administered just before the 
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dark phase. However, it had a different effect when it was given just before the light 
phase: the effect on paradoxical sleep was stronger, with a modest effect on slow- 
wave sleep [132]. These findings support the contention that 2-AG promotes sleep. 
However, in another experiment, injection of a MAGL inhibitor into the lateral 
hypothalamus had the opposite effect, promoting wakefulness (see Kesner and 
Lovinger [131]).

Oleamide
Oleamide is a fatty amide lipid molecule that is (like AEA) degraded by 
FAAH. Research suggests it promotes NREM sleep [25, 149]. How it does so is 
uncertain: some evidence suggests the serotonergic system is involved [150]; how-
ever, an alternative view is that oleamide interferes with degradation of AEA and 
therefore AEA is responsible for sleep promotion [25, 151]. Oleamide induced sig-
nificant hypomotility in rats and decreased sleep latency, with an effect comparable 
to neurosteroid and benzodiazepine hypnotics. Levels of oleamide in cerebrospinal 
fluid increased after 6 h of sleep deprivation which the study authors posited might 
be sufficient to increase serotonergic or GABAergic transmission and therefore 
might be the pathway through which oleamide might induce sleep. Because the 
actions of oleamide were not blocked by a CB1 receptor antagonist, this suggests its 
sleep-inducing action is independent of CB1 receptors [142].

N-Acyl-Ethanolamines: Oleoylethanolamide (OEA) and 
Palmitoylethanolamide (PEA)
The N-acyl-ethanolamines (NAEs) oleoylethanolamide (OEA; an endogenous 
PPAR-α agonist) and palmitoylethanolamide (PEA; an endogenous ligand to 
PPAR-α, GPR-55, and GPR-199) appear to play a role in promoting waking, since 
in brain regions of rats including the pons, hypothalamus, and hippocampus, their 
levels peak during the dark phase of lights-on/off cycle (in rat studies, the dark 
phase is associated with increased arousal and wake activity) [25].

Human studies support the contention that OEA promotes wakefulness where it 
was found to be increased in volunteers following 24 h of sleep deprivation [25, 
152]. Little is known about the effect of PEA on sleep in humans.

 How Do Changes in the Endocannabinoid System and Age 
Contribute to Sleep Disorders in the Elderly?

Comparatively little is yet understood about how the ECS changes with age and 
how that might contribute, potentially, to sleep disorders that become prevalent in 
the elderly. Rat experiments demonstrate that the CB1 receptor is decreased with 
aging [153], whereas other research has demonstrated that MAGL levels (the key 
enzyme which breaks down 2-AG) are elevated during aging [154]. Somewhat is 
known about AEA changes with conditions such as Alzheimer’s disease, although 
the relevance of this to normal aging without dementia is undetermined. Knowledge 
is limited about the effect of aging on anandamide membrane transporter (AMT) 
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[29], only that CB1 receptor knockout mice (bred without CB1 receptors) had 
higher levels of AMT with age compared to control mice [155]. This will be an 
important area to understand in the future, not only in relation to sleep disorders.

The effects of the ECS on sleep homeostasis and circadian rhythms are very 
complex. Two good review papers are recommended for those who would like to 
explore this further: Kesner and Lovinger [131] and Prospero-Garcia et al. [25].

 The Involvement of the ECS in Insomnia

There is evidence that the ECS is involved in the pathogenesis of insomnia. Again, 
rodent studies assist in helping us understand.

 Animal Studies

One rat model of insomnia is a maternal care deprivation model in which pups sepa-
rated from their mothers have been shown to have disturbed sleep-wake cycles, 
particularly reduction in sleep in general and in particular less REM sleep, as well 
as suffering from anxiety and depression [25]. When such insomniac rats were 
given systemic oleamide, it restored the REM and NREM sleep. When these insom-
niac rats were given systemic AM251 (a CB1 receptor inverse agonist), it worsened 
the insomnia [156]. This study also suggests an association between modification of 
CB1 receptor expression and sleep: decreased levels of CB1 receptors in the PFC 
and hippocampus were demonstrated in rats subjected to maternal care deprivation 
[156]. In another study using the maternal care deprivation model of insomnia, rats 
who had 2-AG injected into the lateral hypothalamus showed a significant increase 
in REM sleep which was blocked by the CB1 receptor inverse agonist AM251 
[157], which suggests that both types of sleep are facilitated via CB1 receptor 
activation.

These two animal studies provide a level of support for a role of the endocan-
nabinoids and lateral hypothalamus in promoting REM sleep [25].

 Human Studies

There are a small number of studies in humans which have linked changes in endo-
cannabinoids, albeit contradictory, with acute sleep loss [37, 93, 141, 152]. In one 
study [152], sleep deprivation did not result in any significant changes in plasma 
AEA concentrations, whereas in another small study [37], sleep deprivation was 
associated with a significant dysregulation of circulating AEA.

Another study investigated the impact of sleep deprivation on 2-AG [141]. A 
randomized crossover trial in 14 healthy young adults examined the 24-h profile of 
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2-AG under the conditions of 4 nights of restricted sleep (4.5 h/night) and 4 nights 
of normal sleep (8.5 h/night). The study also measured hunger, appetite, and food 
intake. They found a daily variation in 2-AG concentration, with the lowest levels 
around the middle of the sleep/overnight fast, and then a continuous increase culmi-
nating midafternoon. This occurred in both normal sleep and sleep-restricted condi-
tions; however, in the case of sleep restriction, this pattern was amplified with 
delayed and extended maximum values. For example, under conditions of sleep 
restriction, the amplitude of the 24-h profile of 2-AG was increased by an average 
of 33%, due to an increase in the peak 2-AG level by an average of 22%, and the 
time of peak occurred around 2 h later than under the normal sleep conditions. Of 
note was the fact that neither the nadir concentration (lowest level of 2-AG) nor its 
timing was affected by sleep duration. Also, the mean 24-h 2-AG concentration was 
the same for a given individual under both experimental conditions (remember, this 
was a crossover study) even though the experimental sessions were separated by at 
least 1 month. At the same time as the elevation of 2-AG, when sleep was restricted, 
participants reported higher hunger, desire to eat, appetite, and quantity of food that 
could be eaten, which led the study authors to hypothesize that increases in periph-
eral endocannabinoid levels might be the mechanism by which chronic sleep restric-
tion results in excessive food intake, particularly snacks [141].

Another study, this one investigating the impact of sleep restriction on 16 healthy 
men, found that concentrations of 2-AG were 80% higher 1.5 h after awakening 
under conditions of sleep deprivation (3 nights of short sleep) compared with nor-
mal sleep (p < 0.05), which coincided with 25% higher hunger ratings compared 
with normal sleep (p < 0.05) [93]. This contrasts with Hanlon and colleagues’ study 
[141] which found circulating levels of 2-AG to be higher midafternoon following 
4 nights of sleep restriction, though this might have been due to differences in 
experimental conditions [93]. Also, in Cedernae and colleagues’ study, on day 4, 
while there was a difference in plasma concentration at 8.30  am (between sleep 
restricted and normal sleep conditions), this appeared to be transient as it disap-
peared at 10 am (i.e., there was no significant difference). There was no apparent 
effect of sleep deprivation on circulating levels of AEA, PEA, or OEA found in their 
study either [93].

 Cannabis in the Treatment of Insomnia

Evidence of efficacy of medicinal cannabis and cannabinoids in the treatment of 
sleep disorders comes from cross-sectional surveys as well as randomized con-
trolled trials and systematic reviews. There have been many early studies in the 
1970s which have suggested that acute exposure to cannabis or THC was associated 
with decreased sleep onset latency, less waking after sleep onset, increased slow- 
wave (NREM) sleep, and decreased REM sleep [158–161]. These will be discussed 
later in the section on Human Studies on THC and Sleep.
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 Historical Use

We don’t have to look far back into history to realize that cannabis has been used for 
sleep disorders for quite a long time. Cannabis has a long history of use in Ayurveda, 
one of the main Indian traditional forms of medicine, and one of the indications 
from ancient times to date was for treating insomnia [162]. The Swedish taxonomist 
Linnaeus recognized cannabis as narcotica and anodyna in his Materia Medica in 
the eighteenth century [61].

Journal articles in the 1800s reported the sleep-promoting effects of cannabis 
[131]. The Irish physician, Sir William B. O’Shaughnessy, reintroduced cannabis to 
western medicine from India in the nineteenth century, with benefits found for sleep 
problems as well as pain reduction in rheumatism sufferers, as well as many other 
conditions [61, 163].

Dr. Jacques-Joseph Moreau de Tours, French psychiatrist, learned about canna-
bis while traveling through the Middle East in the 1830s, and brought hashish back 
to Paris. He noted back there that cannabis use improved the sleep of some hospital-
ized insomniacs and seemed to improve depression also [163]. One of the gods of 
medicine in the UK, Sir John Russell Reynolds, personal physician to Queen 
Victoria recommended cannabis for insomnia and also prescribed hemp tincture for 
menstrual cramps [163].

The beneficial effects of cannabis on sleep were noted in relation to various pain 
states throughout the nineteenth and early twentieth century, prior to prohibition 
[163]. In recent history, the Californian physician Dr. Mollie Fry was arrested in 
2001 and thrown into jail for violating the US Federal Controlled Substances Act. 
Her crime? Recommending to several patients that they use cannabis for sleep dis-
orders [163]. 

 Epidemiological Studies

Several surveys have found that people are using cannabis to address sleep prob-
lems [164–168]. Cross-sectional studies have found nonmedical and medical use of 
cannabis to cope with various symptoms associated with PTSD including sleep 
problems, as well as others (coping, sleep, trauma-related re-experiencing, avoid-
ance, and hyperarousal) [169–171]. Not all studies have found that cannabis use is 
associated with positive effects on sleep.

Whether age is a factor in the use of cannabis for treatment of insomnia is not 
known definitively. However, one survey conducted in medical cannabis patients 
grouped into three different age groups (18–30, 31–50, 51–72  years) found that 
middle-aged adults were more likely to report using medical cannabis for insomnia, 
while older adults were more likely to report using it for chronic diseases including 
cancer, glaucoma, and HIV/AIDS [166].

Let us have a look at some of the studies.
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 Positive Effects of Cannabis Use on Sleep
Here are some results of studies that have found positive effects of cannabis use 
on sleep:

• A 1991 survey of Indian cannabis users in Varanasi found that 90% of partici-
pants reported cannabis effective for sleep [100].

• A survey was conducted of 1000 adult-use customers of two dispensaries in 
Colorado (USA), 74% of which reported taking cannabis to promote sleep and 
65% of whom reported taking it to relieve pain. Among those taking it for sleep, 
84% reported that it was very helpful or extremely helpful, and most taking over-
the- counter sleep medications (87%) or prescription sleep medications (83%) 
reported reducing or ceasing use of such medications [164].

• A qualitative study in Norway that investigated the medical motives of 100 can-
nabis users (who did not have legal access to medical cannabis) found that can-
nabis was used for quality of life aspects including quality of sleep, relaxation, 
and well-being as well as for medical conditions such as multiple sclerosis, 
ADHD, and rheumatism [168].

• A cross-sectional survey of 170 patients at a medical cannabis dispensary in 
California found that those with high PTSD scores were more likely to use can-
nabis to improve sleep and in general to cope compared with those with low 
PTSD scores. Sleep improvement appeared to be the main motivator for coping- 
oriented use. Frequency of cannabis use was higher in those with high PTSD 
scores who used it for sleep-promoting purposes compared with those with low 
PTSD scores or those who did not use it for sleep-promoting purposes, providing 
evidence that sleep-motivated use specifically is associated with more frequent 
cannabis use [170].

• A survey of cannabis users in Australia in 2016, conducted just before medical 
cannabis use was legalized, surveyed 1748 cannabis users who were using can-
nabis for medicinal reasons. Mean length of use was 9.8 years. The most fre-
quent reasons for medical cannabis use were anxiety (50.7%), back pain (50.0%), 
depression (49.3%), and sleep problems (43.9%) [167].

• A 2017 survey of 1513 patients at a New England medical cannabis dispensary 
found that 65.2% of respondents had decreased use of sleep medications subse-
quent to medical cannabis use [172].

Not all epidemiological studies have shown positive results in relation to canna-
bis use and sleep. A survey of problematic alcohol and cannabis users found that 
cannabis use was associated with poor sleep quality [173].

 Surveys Indicating Preference for CBD-Dominant Products
In a survey of 163 cannabis users, 49.7% were using it to treat insomnia and 8.5% 
to reduce nightmares. Those with current insomnia and greater sleep latency were 
significantly more likely to report strains of cannabis with higher concentrations of 
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CBD. Those who reported at least weekly use of hypnotic medications used can-
nabis with lower THC concentrations compared to those using sleep medications 
less than weekly [5].

A longitudinal, cross-sectional survey of patients and caregivers of patients with 
diagnosed health condition registered with the Realm of Caring Foundation assessed 
patients on their medication use, pain, anxiety, depression, sleep, and quality of life. 
Statistical analysis was conducted in 108 cannabis users compared with 468 con-
trols (non-cannabis users). Cannabis users were found to have significantly better 
sleep (p < 0.01 children, p < 0.01 for adults), lower anxiety and depression (both 
p < 0.001), better quality of life (p < 0.001), greater health satisfaction (p < 0.001), 
and lower average pain severity (p < 0.05) compared with nonusers. They also found 
that cannabis users used 14% less prescription medications (rate ratio 0.86, 95% CI 
0.77–0.96) compared with nonusers. Like in the previous survey, this survey found 
that cannabis users preferentially used CBD-dominant products compared with 
THC-dominant products. Mean dose of CBD was 79 mg/day (1.4 mg/kg, with a 
median of 0.6 mg/kg and range 0.01–15.7 mg/kg). Mean dose of THC was 3 mg/day 
(0.05 mg/kg; median 0.02 mg/kg; range <0.01–0.6 mg/kg) [174].

 Cannabis Use and Expectations of Better Sleep
Expectations of a positive effect of cannabis on sleep might be expected to influence 
outcomes. This was tested out in a study of 152 moderate cannabis users (mean age 
31.45, age range 21–70, mean days of cannabis use in prior 2 weeks 5.5) which used 
the Pittsburgh Quality Sleep Index (PSQI) to examine the potential influence of can-
nabis use and expectations of cannabis being a sleep aid on actual sleep outcomes. 
The study found that greater number of days of cannabis use and endorsing canna-
bis use were associated with increased expectations that cannabis use would improve 
sleep. However, they found that endorsing cannabis use was associated with signifi-
cantly worse subjective quality of sleep [175]. This finding is clearly contrary to 
what one might expect.

 Observational Study in Insomniacs

In a study of 409 people with insomnia, participants completed 1056 medical can-
nabis administration sessions using a phone app which recorded real-time ratings of 
self-perceived insomnia severity levels and any side effects. The study found an 
average symptom severity reduction of – 4.5 points (std dev 2.5, p < 0.001) on a 
0–10-point visual analogue scale (VAS; participants are asked to indicate where 
along a straight line the severity of their symptoms lies, with 0 being least in terms 
of severity and 10 the worst). The use of pipes and vaporizers was associated with 
greater symptom relief and more positive and context-specific side effects com-
pared with joints. Vaporization was associated with lower negative effects. CBD 
was found to be associated with greater statistically significant insomnia relief than 
THC, though there was no difference in side effects [176].
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 RCTs and Systematic Reviews

A 2017 report on cannabis and cannabinoids conducted by the National Academies 
of Sciences, Engineering, and Medicine found: “Moderate evidence that cannabis 
or cannabinoids are effective for improving short-term sleep outcomes in individu-
als with sleep disturbance associated with: obstructive sleep apnea syndrome; 
fibromyalgia; chronic pain, and multiple sclerosis (cannabinoids, primarily nabixi-
mols)” [177]. Nabiximols is a combination of THC and CBD in an almost 1:1 ratio. 
This report used only evidence from systematic reviews and randomized controlled 
trials (RCTs). The conclusion was based on a meta-analysis by Whiting et al. [178] 
which found greater improvements with cannabinoids in sleep quality among eight 
RCTs and sleep disturbance among three RCTs (results relate primarily to nabixi-
mols). The National Academies review did not identify any clinical trials that evalu-
ated effects of cannabinoids on patients with primary chronic insomnia.

A systematic review analyzed 11 studies that investigated the impact of recre-
ational cannabis use on sleep (total of 203 participants) [179]. All were conducted in 
the USA or Canada. The overall quality of the studies was poor, and there was a lack 
of control for confounding factors in many, such as age, gender, and preexisting sleep 
problems. As known, prevalence of insomnia increases with age and is greater in 
females. There was substantial variation between studies in cannabis dose and dosing 
duration. Six of these studies used objective measures (electroencephalogram, EEG). 
There was little consistency in results, with one study reporting an increase in slow-
wave sleep, three reporting a decrease, and one study finding no change, while for 
REM sleep, one study found it increased, another found it decreased, and four studies 
found no effect. Stage 2 sleep was found to increase in two studies and four studies 
reported no effect. Sleep latency increased in one study and decreased in another with 
high THC dose, and two studies found no effect. Cannabis was not found to signifi-
cantly impact on overall sleep time or time spent in stage 1 sleep.

Five studies used subjective measures of sleep, often the Pittsburgh Sleep Quality 
Index. In three of these studies, cannabis was found to decrease sleep latency (time 
to fall asleep), while it had no effect in one study and wasn’t measured in another. 
No study showed any significant effect on the number of awakenings during the 
night which was assessed in four studies, and no studies found any effect on daytime 
behavior (assessed in three studies). Results varied in respect to overall sleep time. 
Three studies assessed effects of dose, and only one found that higher doses 
improved sleep while the other two found no effect of dose [179].

 Some Negative Results: Cannabis Use and Disturbances to Sleep

Not all studies have found beneficial effects of cannabis on sleep. Several studies 
have, in fact, found that cannabis use has been associated with sleep problems 
including poorer sleep quality, with many of these studies in children or adolescents 
[173, 175, 180–184].
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A survey of 248 alcohol or cannabis users (mean age 26 years) found that sleep 
quality problems were more commonly reported than excessive daytime sleepiness 
and that poor sleep quality was associated with comorbid alcohol and cannabis use 
(with women reporting problem alcohol and cannabis use demonstrating poorer 
sleep outcomes than men) [173]. A study in 152 moderate cannabis users found that 
increased frequency of cannabis edible consumption was associated with signifi-
cantly worse subjective sleep efficiency, decreased sleep duration, and higher global 
Pittsburgh Sleep Quality Index (PSQI) scores indicating worse overall sleep [175].

 Adolescents and Children at Risk
Adolescents seem particularly at risk, and several studies point to an association 
between poorer sleep and cannabis use. For example, adolescents with insomnia 
have been found to be 1.8 times more likely to report cannabis use than adolescents 
without insomnia [183]. Another study in adolescents found that adolescents report-
ing using any illicit drug, most often cannabis, were 2.6 times more likely to report 
problematic sleep than those who did not use drugs [180]. Insufficient sleep was 
found to be associated with an age-adjusted odds ratio of 1.52 (95%CI 1.31–1.76) 
of using cannabis in an analysis of the 2007 US national Youth Risk Behaviour 
Survey (12, 154 high school students) [181]. A study that followed a cohort of 
12-year-old children through to the age of 18 found that recent cannabis use at age 
18 years was associated with poor sleep quality [182].

Disturbingly, sleep problems in young children have been found to predict later 
use of cannabis. In a prospective longitudinal study of 292 boys and 94 girls from a 
community sample of high-risk families and controls, sleep problems at ages 3–8 
have been found to predict the onset of cannabis, alcohol, and cigarette use among 
boys (and onset of alcohol use in girls) [184].

 Cofounding Factors in Research
However, the devil is sometimes in the detail. In Conroy and colleagues’ study, 98 
participants with a mean age of 22.3 years were stratified as daily users (n = 29), 
non-daily users (n = 49), and nonuser controls (n = 20) [185]. Four sleep measure-
ment tools were used. They found that the Pittsburgh Sleep Quality Index (PSQI) 
scores in daily users were higher than in non-daily and nonusers (7.0+/−3.8 vs 
4.9+/−3.2 vs 5.0+/−3.7, respectively, p = 0.02) and that the Insomnia Severity Index 
scores in daily users were higher in daily users than in non-daily users and nonusers 
(7.9+/− 6.6 vs 5.1 +/−4.3 vs 4.3 +/−4.8, respectively, p = 0.01). Covariate-adjusted 
regression analysis showed that the mean PSQI and Insomnia Severity Index scores 
were significantly higher in daily users compared to non-daily users and nonusers; 
however, when they adjusted for anxiety and depression (i.e., statistically took these 
factors into account in their statistical modeling), these associations were no longer 
statistically significant [185]. Essentially this means that anxiety and depression 
may have been the reason for the difference between daily users and the other two 
groups in the PSQI and Insomnia Severity Index scores, rather than frequency of 
cannabis use. The study also found that there was no significant difference between 
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all three groups in the Epworth Sleepiness Scale or the Morningness Eveningness 
Questionnaire, though daily users endorsed more sleep disturbance compared with 
non-daily users [185].

 Chronic Use and Tolerance

There is some evidence that chronic or repeated exposure to cannabis and THC can 
produce tolerance to its actions, including those on sleep, thus requiring greater dos-
ages to obtain sleep-promoting effects [131, 186]. For example, in one study of 13 
male cannabis smokers who smoked a mean of 5.5+/− 3.9, joint-equivalents daily 
were administered oral THC (20  mg) around the clock for 7  days (40−120  mg 
daily). Participants completed a sleep questionnaire, and changes in sleep character-
istics over time and associations between sleep characteristics and plasma cannabi-
noid concentrations were assessed. They found that higher evening THC and its 
metabolite 11-OH-THC were significantly associated with shorter sleep latency, 
less difficulty falling asleep, and increased daytime sleep the next day; however, the 
duration of both self-reported and calculated nighttime sleep decreased significantly 
(of the order of 5.34 and 3.54 min per night, respectively) which suggests that toler-
ance to the somnolent effects of THC may have occurred [186].

 Sleep Disruption in Cannabis Withdrawal

Cannabis use withdrawal from chronic cannabis use is commonly associated with 
sleep disturbances including sleep disruption, vivid dreams, and reduced stage 4 
NREM sleep [130, 159, 187–190], and disturbed sleep can last up to 45 days post-
cessation [191]. Sleep problem experienced is one of the more consistent and prob-
lematic factors found associated with cannabis withdrawal, and there is some 
evidence to suggest it can contribute to relapse [131, 192, 193]. In fact, one of the 
most severe symptoms of cannabis withdrawal found in laboratory sleep studies is 
sleep difficulty [193].

A systematic review of 36 publications concluded that sleep was frequently 
interrupted during cannabis withdrawal, though the mechanisms of action are not 
clear [189]. A study of 17 heavy cannabis users discontinuing cannabis use and 14 
drug-free controls (age 18–30 years) found that discontinuation of cannabis use was 
associated with polysomnographic measures of sleep disturbance compared with 
nonusers including lower total sleep time, less NREM, worse sleep efficiency, lon-
ger sleep onset, and shorter REM latency [187]. These findings are supported by 
other studies of heavy cannabis users investigating abrupt cannabis discontinuation 
[188, 190]. In another study of regular cannabis users, short-term abstinence 
(3 days) from cannabis use was associated with reduced sleep efficiency, total sleep 
time, percentage time spent in stage 1 and stage 2 NREM sleep, REM latency, and 
subjective sleep quality and increased sleep latency and time spent in REM sleep 
compared to when they were using cannabis [190]. An early sleep study found that 
on withdrawal from THC (regime was 3 nights under initial dosage of 70 mg/day, 
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the last 3 nights of a 2-wk period of 210 mg/day), there was a significant reduction 
in stage 4 NREM sleep though the change was only marked on the first of night of 
withdrawal [159].

 Evidence of Efficacy of CBD for Sleep Disorders

 Preclinical Studies: CBD and Sleep

In the early 1970s, research findings began to suggest that CBD had a sedative 
action, based on observations that CBD reduced ambulation in rats [194] and with 
higher doses, it affected the operant behavior of rats and pigeons [195].

However, since then, preclinical studies demonstrate somewhat contradictory 
results, with some animal studies suggesting that CBD promotes wakefulness or is 
alerting [196–200], and others suggesting that CBD promotes sleep [201, 202].

For example, microdialysis perfusion of CBD (30, 60, 90 nM) into the lateral 
hypothalamus of rats increased alertness and suppressed sleep, an effect that was 
associated with an increase in extracellular dopamine collected from the nucleus 
accumbens. Perfusion of CBD into the lateral hypothalamus following total sleep 
deprivation prevented sleep rebound effect [200].

In contrast, a study in rats was conducted in which the rats were injected intra-
peritoneally with CBD at three different doses (2.5 mg/kg, 10 mg/kg, 40 mg/kg) or 
vehicle/placebo (n = 7 rats per group). Sleep recordings were conducted during light 
and dark periods over 4 days (with baseline recordings conducted on days 1 and 2, 
day 3 being the test day and day 4 being the post-test day). On the test day (day of 
administration), during the light period, total percentage sleep significantly increased 
in rats in the 10 mg/kg and 40 mg/kg groups compared with placebo, and in the 
40 mg/kg group, sleep latency was also significantly increased (and there was also 
a nonsignificant increase in time of slow-wave sleep). On the post-test day, rats 
treated with 10 mg/kg had significantly decreased REM sleep latency also [202].

There is some evidence that the effect of CBD on sleep quality might work via its 
anxiolytic effects [130]. For example, in a mice model of PTSD, repeated combina-
tion tests (RCT) using an elevated plus maze and open-field tests over 4 days were 
used to induce anxiety. This resulted in decreased NREM sleep during the first hour 
after RCT and suppression of REM sleep during hours 4–10 after the RCT in the 
mice. When CBD was microinjected into the central nucleus of the amygdala, it had 
an anxiolytic effect (demonstrated in the elevated plus maze and open-field tests). It 
also efficiently blocked anxiety-induced REM sleep suppression, but had no effect on 
non-REM sleep, leading the researchers to conclude that CBD can block anxiety- 
induced REM sleep alteration via an anxiolytic effect, rather than via sleep regula-
tion [203].

It is possible that the different findings of these animal studies, that is, sleep- 
promoting or alerting effects, are related to the experimental conditions used, in 
particular those parts of the brain being injected with CBD. Results from studies 
injecting parts of the brain are likely to be different from those using systemic 
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administration. At the end of the day, the point of animal research is to seek to 
understand how CBD might affect humans and we don’t take CBD by injecting it 
into a particular part of our brains. Taking a mechanistic approach to understanding 
how a complex plant such as cannabis, or even a CBD isolate, works in the body has 
limitations. We should also remember when interpreting data from animal studies 
that pure CBD isolate is generally being tested (not whole plant products).

 Effect of Chronic CBD Use in Adolescent Rats on Adult Rat 
Sleep Patterns
A recent study in juvenile (adolescent) rats was conducted to investigate the effects 
on sleep in adulthood after long-term administration of CBD in adolescence. 
Juvenile rats were treated with 5 or 30 mg/kg CBD daily (injection, i.p.), from post-
natal day 30 for 2 weeks. At postnatal day 80, sleep-wake cycle and expression of 
NeuN were assessed [204]. NeuN is an antibody derived from rodents inoculated 
with purified neuronal nuclei and is specific to an unknown nuclear protein expressed 
by most neurons (but not glia). It allows neurons to be visualized separately from 
glia [205].

The study found that systemic administration of CBD in adolescence was associ-
ated with the following changes in adulthood:

• Increased wakefulness and decreased REM sleep during the lights-on period 
(this is normally when rats would be less active and would sleep)

• Decreased wakefulness and enhanced slow-wave sleep during the lights-off 
period (this is the time when rodents are normally more active, i.e., at night) [204]

In addition, CBD administration in the rats affected the NeuN expression in the 
suprachiasmic nucleus [204]. Thus, in rats, chronic administration of CBD during 
adolescence was associated with changes in neuronal development in a key brain 
region involved in sleep, and the implication is that this has affected the sleep-wake 
patterns in adulthood. The relevance of these findings to humans is, as yet, unknown.

 Cell Research: Effect of CBD on Circadian Clock Genes
We know that many physiological functions of the body are regulated by our circa-
dian rhythm. In an experiment in mice microglial cells that investigated the effect of 
CBD and THC on clock gene expression, CBD was found to induce deregulation of 
circadian core genes: CBD, downregulated CLOCK, and upregulated ARNTL, 
CRY2, and PER1. CBD also deregulated (i.e., either upregulated or downregulated) 
circadian rhythm in other nuclear molecules in microglial cells including RORA 
and RXRA (nuclear receptors), RevErba, RORB, CREBBP, activating transcription 
factor 4 (AFT4), AFT5, and NFIL3 (nuclear factor, interleukin-3 regulated). The 
receptor 1B of melatonin, Mtmr1b (myotubularin-related protein 1), was downregu-
lated by CBD, as were some of the dopamine receptors Drd2 (dopamine receptor 
D2) and Drd4 (dopamine receptor D4) [33].

THC did not have this deregulatory effect on circadian rhythmicity in microglial 
cells that CBD displayed. Interestingly, the effect of CBD was tested under 
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inflammatory (LPS induced) and noninflammatory conditions, and there was no 
difference in effect, suggesting the mechanism of action of CBD may be indepen-
dent of the neuroinflammatory state and cannabinoid receptors in microglial BV 
cells. The results of this mice cell study suggest that CBD is able to block cells in a 
waking state via its effects on the expression of the main clock genes in BV-2 
microglial cells [33]. Clinically we might see this effect in the rapid adaptation to 
new time zones or shift work.

 Human Studies: CBD and Sleep

A few studies including case reports [206], case series [207], and randomized con-
trolled trials [201, 208] indicate that CBD may be efficacious in promoting sleep. 
Some studies suggest CBD has a stimulating or alerting effect [209, 210], others 
suggest CBD has a sedating effect [201, 208], and one found no effect in terms of 
sleepiness [211]. See Table 8.2 for details.

CBD used as an adjunct therapy (to usual care and medications) has also been 
found in an open-label retrospective case series of 11 PTSD patients of an outpatient 
psychiatric clinic to reduce nightmares in a subset of patients experiencing frequent 
nightmares, as well as reduce PTSD symptom severity [212].

 Sedating or Alerting: Which Is It?
These potentially different effects, i.e., sedating or alerting, might be related to 
dose. It has been thought that low-dose CBD may be more alerting and higher-dose 
CBD sedating, and there is some animal data to support this. However, the human 
research evidence is mixed.

For example, in a clinical study in insomniacs, 15 participants were given 40 mg, 
80 mg, and 160 mg oral doses of CBD as a hypnotic (in gel capsules). The control 
medications were nitrazepam (5  mg) and placebo. None of the CBD doses was 
associated with any improvements in sleep induction, sleep fragmentation, and 
reports of good sleep compared with placebo. In comparison with placebo, only the 
high dose of CBD (160 mg) increased duration of sleep significantly. All three doses 
of CBD reduced dream recall compared with placebo [201]. This study would seem 
to support the contention that higher doses of CBD might be needed for a seda-
tive effect.

In Nicholson and colleagues’ study [209], 5 mg CBD and 15 mg CBD were both 
associated decreased stage 3 NREM sleep, and the 15 mg CBD/15 mg THC combi-
nation was associated with increased alertness. This might support the contention 
that low-dose CBD may be alerting; however, in Zuardi and colleagues’ study [208], 
1 mg/kg CBD was found to be alerting and that is not a particularly low dose, and 
in another (retrospective) study, doses of 25 mg/day were effective in improving 
sleep for the majority of patients [207].

Thus, based on the current evidence, it is still unclear what doses are alerting or 
sedating. Further studies are needed to ascertain the effects of different CBD doses, 
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and what is considered a low or high dose needs to be better defined. It is more than 
possible that the effects of CBD in relation to sleep, i.e., potentially alerting or 
sedating at various doses, will vary between individuals depending on the relative 
state of their ECS (their “ECS tone”). In Dr. Blair’s clinical experience, low doses 
(15–30 mg ~0.5 mg/kg) can be both alerting or sedating depending on context. In 
a wakeful environment of work or travel, CBD has alerting effects, whereas in a 
sleep or resting situation, the same CBD dose can be sedating. This might also be 
a function of the neurotransmitters and hormones (e.g., melatonin) circulating at 
that particular time and their interactions with CBD. This suggests that CBD may 
well be an adaptogenic herb which responds to the body’s requirements in particu-
lar states.

Another key issue with research to date is that many of the studies have been 
conducted in healthy people [208–211] with few studies in people suffering from 
insomnia (e.g., Carlini & Cunha et al. [201]). More studies are needed in people 
suffering from actual insomnia since the state of the ECS is likely to be different in 
an insomniac compared with someone regularly getting adequate or good sleep. The 
ECS is, after all, a homeostatic regulator of sorts. Better attention to potentially 
confounding factors will also be needed in studies. In addition, new studies should 
include more objective parameters of sleep versus subjective surveys.

Importantly, the results of studies of CBD isolates are likely to differ from whole 
plant CBD oil with the additional terpenes and other phytonutrients present. 
Remember that terpenes also have their own therapeutic effects and some terpenes 
have sedative actions.

 CBD and Parasomnias
REM sleep behavior disorder is a parasomnia characterized by the loss of muscle 
atonia during REM sleep, associated with nightmares and active physical behavior 
during dreaming. The underlying cause is not well understood, but it occurs in synu-
cleinopathies. Brainstem circuits that control atonia during REM sleep are damaged 
leading to random limb movements that are sometimes violent. In a case series of 
four patients with Parkinson’s disease, treatment with CBD was associated with a 
prompt and substantial reduction in frequency of REM sleep behavior disorder 
events without side effects [213].

 Restless Legs Syndrome
Restless legs syndrome is a sleep-related movement disorder associated with a num-
ber of conditions including iron deficiency, Parkinson’s disease, diabetes mellitus, 
and antidepressants to name a few. The syndrome is an irritating sensation in the 
lower extremities that stimulates limb movement and may disturb sleep. The cause 
may be genetically primary or secondary to drugs, mineral deficiencies, or dopa-
mine dysregulation. Treatment for most is elimination of drugs, correction of 
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deficiencies, or lifestyle modification. A case study of six patients with severe RLS 
unresponsive to opioids, benzodiazepines, gabapentin, or dopamine agonists 
achieved 100% relief with occasional recreational cannabis or CBD [214]. Oddly 
enough no other studies with cannabinoids have been completed for this condition.

 Efficacy of THC in Sleep Disorders

There is both preclinical and clinical research that supports a role of THC in modu-
lating sleep. One of the effects of THC is sedation, and there are two potential 
mechanisms of action that may explain this [215]. The first is that endocannabinoids 
have been found to increase adenosine levels (which promotes sleep), and the sec-
ond is that CB1 receptors are expressed in lateral hypothalamus neurons involved in 
arousal system regulation, resulting in inhibition of the arousal systems [215].

 Animal Studies: THC and Sleep

Preclinical research demonstrated that low and high doses of THC were associated 
with significantly increased brain temperature compared to control rats and that 
circadian rhythms were less pronounced. When THC was discontinued, circadian 
rhythms became inverted, i.e., the brain temperature at night of both low- and high- 
dose groups was that of the control rats during the day, leading the researchers to 
speculate that the circadian clock in the suprachiasmic nucleus might be affected by 
THC in an opposing manner [216].

A study found that 10 mg/kg of THC administered intravenously to mice potenti-
ated the sleep inducing effect of pentobarbital, prolonging phenobarbital-induced 
sleep by 3.3-fold and that this effect that was attenuated by co-administration of 
CB1 receptor antagonists [217]. This finding supported a previous study which 
found that THC prolonged phenobarbital-induced sleeping time [218].

The acute effects of various doses of a specific strain of cannabis (11.5% THC, 
negligible amounts of other cannabinoids) administered by vaporization were inves-
tigated in rats. Polysomnographic recordings were taken in rats treated with 0 mg 
(control), 40 mg, 80 mg, and 200 mg of cannabis immediately prior to recordings. 
They found that 200 mg dosage increased NREM sleep time during the light phase 
but only during the first hour of recording and that no changes in sleep were found 
in the dark phase (active phase for rats) or with lower doses (40 mg, 80 mg). This 
was accompanied by EEG power reductions in different cortices, mainly in high- 
frequency bands during W and REM sleep and only during the light phase, as well 
as a decrease in sleep spindles intra-hemispheric coherence during NREM sleep 
during the dark phase [219].

 Efficacy of THC in Sleep Disorders
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 Human Studies: THC and Sleep

Research indicates that THC is associated with a sedative effect [130], though one 
review [215] reported that three studies found high doses of THC were associated 
with an alerting effect reflected in increased latency to sleep onset.

A summary of the findings of several studies from the early 1970s to current 
times is included in Table 8.3. Most of these studies assess the effects of acute dos-
ing of THC.

Few studies have assessed the effect of chronic consumption of THC on sleep. 
There are some studies on longer-term cannabis use, for example, Halikas et  al. 
[228], a longitudinal study. Their findings suggest some individuals may develop 
tolerance to the sleep-enhancing effects of cannabis and that the positive effect on 
self-reported sleep quality is less frequent among long-term cannabis users [228].

More targeted studies including longer-term studies (e.g., over weeks or months 
of use) are required to assess the effects of various doses of THC on various aspects 
of sleep.

A review of the effects of cannabis and THC on sleep in 2008 concluded that 
smoked cannabis and oral THC reduce REM sleep and that acute administration of 
cannabis seems to facilitate falling asleep as well as increased stage 4 sleep. It also 
reported that difficulty sleep and strange dreams were commonly reported symp-
toms of acute and subacute cannabis withdrawal and that longer sleep onset latency, 
reduced slow-wave sleep, and an REM rebound were also observed [229].

 Cannabis, THC, and Sleep as a Secondary Outcome Measure
Impact on sleep is often measured in studies as a secondary outcome variable to 
some other outcome which is the main focus of the study (the “primary outcome 
variable”). In one double-blind, randomized, placebo-controlled study of 15 healthy 
men (who had used cannabis 15 times or less during their lives), functional mag-
netic resonance imaging was used while they viewed faces that elicited different 
levels of anxiety. Participants were given either 10 mg THC, 600 mg CBD, or pla-
cebo prior to scanning session. THC increased anxiety and levels of sedation, intox-
ication, and psychotic symptoms. There was a trend of reduction in anxiety after 
administration of CBD [230].

In a systematic review of medicinal cannabis in sleep, 28 studies with a total of 
3658 participants included a measure of sleep as a treatment outcome for various 
illnesses. Such illnesses included pain, MS, anorexia, cancer, and immune defi-
ciency. Study medications included synthetic THC analogues of dronabinol and 
nabilone (14 studies), synthetic CBD analogues (4 studies), and nabiximols (1:1 
ratio of THC: CBD). Most of the studies did not include a validated measure of 
sleep; however, most reported a significant and positive impact on sleep with 17 
studies showing improvement in sleep and 1 showing a decrease in bad dreams [179].

 Nabiximols and Insomnia
Nabiximols is a product which contains plant-derived THC and CBD (no terpenes) 
in a ratio of approximately 1:1 (2.7 mg THC: 2.5 mg CBD with each spray). Its 
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onset of activity is around 15–40 min. A 2007 review of nabiximols concluded it 
was highly effective in treating pain-induced insomnia in 13 different studies. The 
review summarized the findings associated with numerous phase I–III studies (2000 
participants with 1000 patient years of exposure) as follows:

• Marked improvement in subjective sleep parameters in patients with a wide vari-
ety of pain conditions including multiple sclerosis, peripheral neuropathic pain, 
intractable cancer pain, and rheumatoid arthritis

• Acceptable adverse event profile
• No tolerance its benefit on pain or sleep, nor need for dosage increases noted in 

safety extension studies of up to 4 years
• 40–50% of subjects attained good or very good sleep quality [231]

 Studies of THC in Treatment of Sleep Disorders Associated with PTSD
Several studies, many open-label in nature, have investigated the efficacy of THC in 
alleviating sleep problems associated with PTSD, including nightmares. In general, 
they support the use of THC for reducing nightmares and improving sleep quality. 
Studies are set out in Table 8.4.

Table 8.4 Studies of THC treatment of PTSD sufferers with sleep problems

Reference Study design Results
Fraser 
[232]

Open-label study
Participants: n = 47 PTSD 
patients with continuing treatment- 
resistant nightmares
Study medication: adjunctive 
treatment with nabilone
Dosing: doses of 0.5 mg 1 h prior 
to bedtime; titration indicated if 
medication well tolerated and if 
symptom control of nightmares not 
achieved. All were kept below 
maximum 6 mg/day. Average 
effective dose was 0.5 mg 1 h 
before bedtime, with a range of 
0.2 mg to 4.0 mg nightly

Cessation or a significant reduction in 
nightmare intensity in 72% of participants; 
some reported improvements in sleep time, 
quality of sleep, and reduction of daytime 
flashbacks and night sweats
Discontinuation of medication success for 
four patients after 4–12 months of nabilone 
therapy (nightmares did not return or 
returned at a reduced level, not needing 
further medication control) Other patients 
experienced a recurrence of nightmares upon 
nabilone withdrawal (usually within the first 
two nights) and regained control once 
nabilone reinitiated

Shalev 
et al. [233]

Open-label study of ten patients 
with PTSD who received THC 
twice daily for 3 weeks

Significant improvement in arousal, sleep 
quality, and nightmares

Roitman 
et al. [234]

Three-week, open-label study was 
conducted in ten patients with 
chronic PTSD on stable medication 
(five were combat veterans). 
Patients were given 5 mg THC 
olive oil sublingually twice daily as 
an adjunct to their regular 
medication

Significant reduction in frequency of 
nightmares (p < 0.04), sleep quality 
(p < 0.05), as well as hyperarousal (CAPS, 
p < 0.02) and significant improvement in 
global symptom severity (CGI-5, p < 0.02)

(continued)
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 Other Phytocannabinoids and Terpenes in the Treatment 
of Insomnia

Other phytocannabinoids and terpenes may also be useful in the treatment of insom-
nia. Cannabinol (CBN) is one such phytocannabinoid which appears to have seda-
tive properties, though the evidence is largely anecdotal at this point.

 Cannabinol (CBN)

A study in mice assessed eight halogenated derivatives of CBN by intracerebroven-
tricular injection (50 micrograms/mouse). In one experiment investigating interac-
tion with pentobarbital, two of the derivatives of CBN exhibited a significant 
prolongation of sleeping time, but the other derivatives did not [237].

A study conducted in 1975 which assessed the effects of THC, CBN, and a com-
bination of the two on various paraments in five male volunteers. Study medications 
were placebo, 50 mg CBN, 25 mg THC, 12.5 mg THC + 25 mg CBD, and 25 mg 

Reference Study design Results
Cameron 
et al. [235]

Retrospective study (chart review)
Participants: 104 male inmates 
with serious mental illness, mean 
age 32.7 years (range, 19–55 years)
Doses: mean initial dose 1.4 mg 
daily (0.5–2.0 mg), mean final dose 
of nabilone was 4.0 mg (range 
0.5–6.0 mg). Mean length on 
nabilone 11.2 weeks (range 1 day 
to 36 weeks)
Patients with hepatitis C had a 
mean final dose of 4.2 mg; 
cannabis-naive individuals had a 
mean final dose of 3.2 mg

Nabilone (synthetic THC) targeted a mean 
3.5 indications per patient; most common 
were insomnia (n = 101, 97.1%), nightmares 
(n = 90, 86.5%), and chronic pain (n = 68, 
65.4%)
Significant reductions in PTSD-associated 
insomnia and nightmares as well as other 
symptoms. Medications with greater risk of 
adverse effects/abuse were often able to be 
discontinued with initiation of nabilone 
(typically antipsychotics and sedative/
hypnotics)

Jetly et al. 
[236]

Double-blind, crossover RCT 
conducted in Canadian military 
personal with trauma-related 
nightmares N = 10 participants 
randomized to either nabilone 
(0.5 mg titrated to daily max 
3.0 mg) or placebo for 7 weeks, 
followed by a 2-week washout 
period and then treated with 
opposite study medication for 
7 weeks

Significant improvement in nightmares but 
no effect on sleep quality or quantity

Table 8.4 (continued)
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THC + 50 mg CBN (orally), with administration spaced a week apart. THC pro-
duced an increase in heart rate, CBN did not, and the combination did not alter the 
effect of THC alone. On a 66-item drug reaction scale, participants reported feeling 
drugged, drunk, dizzy, and drowsy after THC ingestion but not after CBD ingestion, 
but the combination elicited reports of feeling more drugged/drunk/dizzy/drowsy 
[238]. Thus, this might be some evidence of a synergistic effect of CBN on the seda-
tive effect of THC; however, the study has low numbers of participants. It certainly 
doesn’t provide direct evidence of a sedative effect of CBN alone.

 Terpenes

Several of the terpenes are known to have sedative effects. These include myrcene 
and linalool [239, 240]. High myrcene varieties of cannabis that produce linalool 
are noted for their effectiveness in sleep disorders as these terpenes are calming and 
lightly sedative [100].

These terpenes found in cannabis are also found in other foods and plants. 
Myrcene is contained in mango, for example. Therefore, consuming a mango a few 
hours prior to bedtime might potentially enhance the effect of a cannabis medicine, 
in a similar way to which myrcene within the cannabis plant provides an entourage 
effect. The use of lavender oil in infusers or sleep pillows is another example of 
using a terpene such as linalool from another source to provide an entourage effect.

 Nutritional Factors Impacting Sleep Quality

Our diet can play a very important role in our sleep quality. It is known, for example, 
that carbohydrates and fats regulate sleep quality by affecting duration of REM and 
NREM sleep, and research indicates that those with short sleep duration take in 
more energy from carbohydrates and fats [45]. Consumption of protein has a posi-
tive correlation with sleep duration; those with normal sleep duration had higher 
protein intake than insomniacs [241], and those on high-protein diets were found to 
have fewer wake times compared to those on a control diet [242]. The amino acid 
tryptophan found in proteins is the precursor to melatonin and serotonin and plays 
a key role in sleep quality [45]. The timing and macronutrient content of diet both 
impact on sleep, and food eaten before bedtime has a strong impact on how we sleep 
and has been found to be associated with sleep disorders [45, 243, 244].

Habitual short sleep increases appetite and plasma ghrelin levels and decreases 
leptin levels [45]. Ghrelin, the hormone that increases appetite, promotes sleep by 
stimulating slow-wave sleep and growth hormone released at night. Ghrelin levels are 
high during sleep and start to decrease a few hours after breakfast. The effect of short 
sleep on leptin may occur via several mechanisms. Leptin secretion is inhibited by 
sympathetic nervous system activity, and this could be a mechanism by which leptin 
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levels are lowered during chronic partial sleep loss, or it may be that the decrease in 
leptin after sleep restriction is simply a normal adaptation to the increased energy 
required to stay awake for a longer period of time [45]. Orexin- containing neurons in 
the hypothalamus are believed to provide the molecular basis for interactions between 
nutrition and sleep [45].

Epidemiological studies indicate that an unhealthy diet is associated with irregu-
lar sleep patterns and shorter sleep [45, 245–247]. Research indicates that those 
with poor sleep have irregular or poor nutritional habits including consuming 
energy-dense foods, eating more fat and refined carbohydrates and snacks, and con-
suming less fruit and vegetables [45, 248, 246].

A discussion of dietary factors is beyond the scope of this book; however, the 
point we want to make is that when assessing factors that might be impacting on 
sleep, you should certainly consider diet and nutrition as well as many other factors 
that might also be impacting on sleep. If nutritional medicine is not your forte, refer 
the patient for a nutritional assessment to a nutritional medicine practitioner.

For a good summary of the effect of diet on sleep see Sanlier and Sabuncular [45].

 Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is also a prevalent form of sleep-disordered breath-
ing affecting approximately 9% of adults in the USA [249]. In OSA, the individual 
repeatedly stops and starts breathing during sleep. Sufferers characteristically make 
gasping or snorting sounds during which sleep is disrupted [52]. Symptoms and 
signs associated with OSA include excessive sleepiness or fatigue, morning head-
ache, poor concentration, cognitive dysfunction, sore throat, lower libido, erectile 
dysfunction, poor work performance, personality change, snoring, choking, restless 
sleep, nocturia, sweating, acid reflux, dry mouth during the night, and sleep mainte-
nance insomnia [22].

The US National Health and Nutrition Study 2005–2008 found that 6% of men 
and 3.1% of women reported physician-diagnosed sleep apnea [250]. This study 
found that frequent snorting and stopping breathing were associated with probable 
major depression [250]. Obstructive sleep apnea is a strong, independent risk factor 
for later development of cardiovascular disease and stroke [251]. Other conse-
quences of OSA include hypertension, impaired inflammatory response, hormonal 
changes, increased risk of cancer, and brain atrophy [22]. OSA is also very underdi-
agnosed: in most western countries, less than a quarter of the potential sleep apneic 
population are diagnosed [251].

Those who are particularly at risk of OSA are males who are overweight with 
central obesity. Apart from obesity, other risk factors for OSA are tobacco smoking, 
hormonal factors (including hypothyroidism), upper airway lesions, lying in a 
supine position, sedative drugs, and anesthetics [22].
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 Cannabinoids in the Treatment of Obstructive Sleep Apnea (OSA)

The ECS appears to be involved in obstructive sleep apnea (OSA) with higher con-
centrations of the endocannabinoid oleoylethanolamide (OEA) but not AEA or 
2-AG found in patients with OSA which were associated with difficulty breath-
ing [252].

 Animal Research
Animal experiments suggest that THC may be useful in reducing sleep apnea and 
shed light on potential mechanisms of action. In a rat study, the exogenous (phyto)
cannabinoid THC and the endogenous endocannabinoid (fatty acid amide) oleamide 
reduced apneic events, providing initial evidence that the ECS may function to sup-
press serotonin-mediated symptoms of obstructive sleep apnea [64]. In that study, 
intraperitoneal injections were given of various doses of THC, oleamide, and sero-
tonin, alone and in combination to 11 male rats, and polysomnographic measurements 
taken. They found that THC and oleamide each stabilized respiration during all sleep 
stages, with significant reductions in the apnea sleep index of 42% and 58% in NREM 
and REM sleep, respectively. Oleamide produced a similar suppression of apnea, and 
both oleamide and THC were able to block serotonin-induced exacerbation of sleep 
apnea. The authors concluded that their results suggest that endocannabinoids play an 
important role in maintaining autonomic stability during sleep [64].

In another experiment in rats, results suggested that dronabinol (THC) stabilized 
respiratory pattern, modulated upper airway muscles responsible for regulating 
breathing during sleep, and reduced 5-HT-induced reflex apneas by acting at the 
nodose ganglia [253]. While injection of dronabinol into the nodose ganglia of rats 
attenuated reflex apnea and increased genioglossus activity, an effect blocked by 
pre-systemic treatment of CB1 and/or CB2 receptor antagonists suggesting that 
dronabinol’s effects were facilitated via cannabinoid receptors), no effect was found 
on 5-HT-induced apneas or genioglossus activity when dronabinol was injected 
intracerebrovascularly [254]. Thus, efficacy of dronabinol in suppressing apneas 
appears to be facilitated by peripheral rather than central nervous system activity, 
via suppression of vagal nerve activity [254].

 Human Research
Human research supports the potential therapeutic role of THC in treatment of 
OSA. For example, in a study on the effects of dronabinol on objective measures of 
sleep process in adults, dronabinol was associated with changes in delta and theta 
frequencies and an increase in ultradian rhythms which correlated with improve-
ment in apneas and decrease in sleepiness [227].

In an RCT comprised of 73 adults with moderate or severe obstructive sleep 
apnea, 25 participants received placebo, 21 participants received 2.5 mg dronabinol, 
and 27 participants received 10 mg dronabinol (synthetic THC) daily, an hour before 
bedtime, for up to 6 weeks [255].
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The results were as follows:

• Compared with placebo, dronabinol dose-dependently reduced apnea-hypopnea 
index (AHI):
 – 2.5 mg/day: reduction of 10.7 ± 4.4 events/hour (p = 0.02)
 – 10 mg/day: reduction of 12.9 ± 4.3 events/hour (p = 0.003)

• Participants on 10 mg/day of dronabinol:
 – Had highest overall satisfaction with treatment (p = 0.04)
 – Had reductions in the Epworth Sleepiness Scale (ESS) score by −3.8 ± 0.8 

points from baseline (p < 0.0001) and by −2.3 ± 1.2 points compared with 
placebo (p = 0.05)

• Maintenance of Wakefulness Test (MWT) sleep latencies, gross sleep architec-
ture, and overnight oxygenation parameters were unchanged from baseline in 
any treatment group [255].

 Guidelines for Treating Insomnia with Medicinal Cannabis

Treatment of sleep disorders such as insomnia with medicinal cannabis should be 
within the context of an integrative medicine approach to health which considers the 
role of stress (and stress reduction), nutrition, exercise, vitamin D, and other life-
style factors. Remember that insomnia can be a side effect of several pharmaceuti-
cal medications including antidepressants, so it is important to review the patient’s 
medications and supplements.

Sleep hygiene is one of the first things to consider. Since sleep disorders, anxiety, 
depression, and pain are often comorbid, it is important to take a thorough case his-
tory and address these issues if they are present. Medicinal cannabis has the advan-
tage that you can address several symptoms/signs simultaneously.

 When to Use Medicinal Cannabis

Consider the use of cannabinoids in patients after a thorough history, prescription 
review, and general examination. Sleep disorders can be the result or cause of many 
chronic medical conditions and therefore should almost always be addressed. Most 
frequently another provider has already done so by prescribing a sedative/hypnotic 
either temporarily or indefinitely. Some patients realize the danger of hypnotics by 
seeking cannabis consultation to ease the transition often from dependence and 
challenging withdrawal symptoms. Patients must appreciate that the sleep effects of 
phytocannabinoids are highly individualized but generally positive by improving 
sleep latency, duration, depth, circadian adjustments, and overall quality.

Potential candidates for the use of medicinal cannabis include:

• Patients who want to improve the quality of their lives through sleep and reduce 
inflammatory risks of shift work schedules

• Travelers who wish to optimize rest, recover, and time-zone adaptation quickly 
during extended travel
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• Those who have not had success using other medications including herbal 
medicines

• Those at risk of addiction, drug interactions, and adverse effects from conven-
tional pharmaceuticals

• Those with established sleep disorders like restless legs syndrome, sleep apnea, 
narcolepsy, and REM sleep behavior disorder [213]

• Patients facing end of life care issues wanting to maintain maximal cognitive 
awareness

 Comprehensive Treatment Plan
Medicinal cannabis can be used primarily or secondarily for insomnia as part of a 
comprehensive treatment plan. The insomnia component should include all relevant 
therapies including cannabinoids that could be effective. The plan can function as a 
checklist, patient log, and guide for the clinician in follow-up appointments. It 
should include self-assessment sleep parameters and a simple, perhaps five-level 
scoring rather than “better, worse, or about the same” (e.g., “On a scale of 1–5, 1 
being the worst, 5 being best, how would you rate your sleep?”). It should also 
include a notes section in which a patient can flag some events or associations as 
well as subjective associations. This treatment plan or log should include the pri-
mary symptom target(s), e.g., anxiety, pain, etc., since insomnia is often a secondary 
issue in most consultations. As soon as possible the patient and healthcare practitio-
ner should set the benchmark from which to measure success.

Sleep-sensing devices and phone apps can be a valuable part of sleep assessment 
and tracking. The apps usually provide sleep times, durations, and levels for con-
firming sleep patterns and tweaking treatment programs. Apps with wearable 
devices can track heart rates and variability that can be used to assess general health 
improvements [256]. Patients can engage in the process of looking for comprehen-
sive solutions rather than just a sleeping potion.

 Type of Product (Blends)

The following recommendations are made by Backes [100]:

• Anxiety and rumination can interfere with restful sleep; THC is effective for 
anxiety and rumination at 1–5 mg sublingually (or swallowed for a more potent 
and soporific effect).

• THC taken orally is recommended for sleep: 5–7.5  mg 1 hour before bed or 
when bed rest needed. Vaporized cannabis is also effective for insomnia when 
taken 1 hour before bedtime, for waking during the night.

• Day time use of CBD may be useful: CBD’s anti-anxiety effects help in calming 
so that patients can sleep better (he cautions that observational reports suggest 
CBD may make sleep-deprived patients sleepy but it becomes wake-promoting 
if it is taken after 5pm or once the patient has caught up on rest).

• High-myrcene ‘Purple’ varieties or cultivars of cannabis (e.g. Grape Apes, Purps) 
that produce linalool are noted for effectiveness in sleep disorders as these ter-

 Guidelines for Treating Insomnia with Medicinal Cannabis
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penes are calming and lightly sedative. Kush varieties also contain  
lmyrcene (eg. Bubba Kush, Hindu Kush) [100].

Clearly the usual recommendations with respect to dosing with THC (start at a 
low dose and titrate up slowly) apply. Cannabis expert Dr. Daniel Stein recommends 
cannabis medicines with THC plus terpenes linalool and myrcene for treatment of 
sleep disorders like insomnia. He suggests a starting dose of THC of 2–4 mg/day. 
Dr. Stein also recommends that CBD may also be used to treat insomnia however 
cautions that small doses (5–10 mg) for new users may be alerting and that they may 
need to increase the dosage up to 25–30 mg to get a sedative effect [257]. Some 
sources also recommend that indica-dominant strains of cannabis are advisable for 
night-time use as they are believed to be more sedating (rather than sativa-dominant 
strains which are believed to be more alerting).

Dr. Blair has found full-spectrum CBD (with low THC) to be effective in the 
higher dosage range above. As mentioned above, CBD products can be immediately 
activating for some but sedating for others.

 What Form of Product Should You Use?

The best formulation matches the patients preferred lifestyle and tastes. Capsules 
have a longer duration of action, but sublingual tinctures may be faster acting. 
Topical dosing can avoid some of the activating features of cannabis bypassing the 
liver and the mouth after brushing the teeth and mouthwash. Topical can be quite 
effective applied to any areas of the body but particularly thin skin or covered areas 
that will not stain the bedding.

 Dosing Guidelines

The optimum dose of medicinal cannabis allows for rapid sleep onset, healthy sleep 
stages, minimal awakenings, 6–8  h of duration, and refreshment upon waking. 
Usually, average doses of medicinal cannabis typically used for other minor issues 
also improve sleep experience (i.e., in the range of 25–50 mg per day for a full spec-
trum CBD dominant oil). With respect to timing, because of the variability in 
response, dosing 2 h before sleep time seems to allow the mind time to relax and set 
the stage for normal sleep. Other patients have found the most effective timing is 
immediately before sleep or after an early morning awakening. Note that as always, 
particularly in the case of cannabis naive patients and where products contain THC, 
the general guideline of ‘start low and go slow’ applies (i.e., start at a low dose, titrate 
up slowly until there is a therapeutic effect). Having an adverse effect due to taking a 
dose of THC that is too high could serve to put the patient off medicinal cannabis.

 Titration and Follow-Up

Cannabis does not cause respiratory depression, so patients can titrate their use to 
optimize their sleep. A sleep app gives them better feedback as to what actually 
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happened during the night to better guide them. Most patients perceive the great-
est improvements associated with duration and percentage of deep sleep. Sleep 
apps can be shared and reviewed by the healthcare practitioner for better objective 
decision- making. Performance, mood, and activity in addition to the primary 
symptom(s) can all be indicators of improved sleep changes. A week or longer 
will establish a clear pattern for interpretation and guide possible dose changes 
if needed.

 Other Tips to Enhance Therapeutic Action

Cannabis works well with other therapies so feel free to add tried and true approaches 
like melatonin, magnesium, or Epsom salt soaks (magnesium). A more recent find-
ing is regarding zinc as a sleep modulator. The mechanism of action is undeter-
mined but focuses on Zn2+-containing presynaptic vesicles to be co-released with 
glutamate. In addition, Zn2+ is also found in some inhibitory glycinergic terminals 
of the cerebellum and in the spinal cord [258]. Interestingly CBD affects the expres-
sion of genes involved in zinc homeostasis in microglial cells, modulating zinc 
transporters regulating intracellular zinc concentration imperative for cytokine 
release, oxidative stress, and immunoreactivity [259]. Zinc doses have ranged 
between 25 and 50 mg elemental zinc before sleep.

On the other hand, patients dependent on benzodiazepines can taper those agents 
safely, controlling some of the anxiety and irritability associated with withdrawal. A 
slow taper is recommended, but most often patients find that once they establish 
confidence in cannabinoids, they stop the offending drug completely within a few 
weeks. Liberal use of cannabis will mitigate withdrawal symptoms and maintain 
activities of daily living and work performance.

Travelers are a special category that can greatly benefit for broad-spectrum 
cannabis to maintain their waking, sleeping, and time-zone transitions no matter 
what the range traversed. CBD has the unique property of allowing alertness and 
facilitating sleep during the appropriate diurnal phases. Furthermore, CBD 
appears to allow the circadian regulators to “float” to allow for rapid and imme-
diate reset to current location [33]. Consistent with clinical observations of the 
use of therapeutic cannabis to treat insomnia, circadian rhythm is deregulated in 
microglial cells by CBD to allow for time-zone adaption (but this does not occur 
with THC) [33].

 Case Studies from Dr. Blair’s Practice

 Case 1

International business consultant traveling California to Colorado for 2 days, then 
Jordan for 6 days and returning to California. A 68-year-old man in average health 
and fitness requested aid to manage physical and cognitive demands while traveling. 
He had several high-level meetings and presentations in both locations and did not 
have the luxury of layovers and time-zone adjustments.
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His only medications were T4 thyroid and he used a number of supplements. 
Capsules were recommended of broad-spectrum CBD to avoid issues in countries 
with cannabis restrictions. In addition, capsules could be easily carried and avail-
able on demand when symptoms occurred. A dose of four capsules per day of travel 
was anticipated and placed in two containers to avoid loss or inability to access. 
Aspirin 80 mg was also included to augment cannabinoid effects if needed along 
with capsules of omega-3.

Travel to Colorado was uneventful and supported with maintenance of 25 mg 
CBD twice daily. An additional capsule was used midday sublingual before a sched-
uled presentation because of noted afternoon fatigue. Alertness was enhanced and 
anxiety was reduced. Two days later he departed on 19-h travel to Jordan through 
Chicago in coach class. While traveling he used additional capsules for fatigue and 
restless legs symptoms during the 11 h first Jordan leg and 13 h return leg. Sleep 
was limited to a few hours at a time before being disturbed or uncomfortable.

Upon arrival at midday, he again used sublingual capsules to manage alertness 
and an early evening dose to facilitate sleep. An early morning awakening was also 
supplemented with a capsule. In the morning he was alert and rested and attended 
all business meetings and presentations as well as extensive travel around the city to 
key locations. Capsule supplements were taken as needed for fatigue, preparation 
for presentation and sleep adjustments. He adapted to the new time zone quickly 
without impairment. The same strategy was used on return travel and after arriving 
home to California. Again, time-zone adjustment occurred rapidly within 2 days 
without the need for additional rest periods.

A total of 48 capsules were provided, counting 2 days travel on either end for a 
total of 12 days, but only 32 capsules were needed. Aspirin was used on four occa-
sions to enhance effects of the cannabinoid.

In this case broad-spectrum CBD was able to manage usual travel stress and 
symptoms while improving sleep quality and allowed for rapid time-zone adapta-
tion. This allowed peak performance and cognitive function without impairment or 
lasting residual ill effects. Long haul and extensive travel is not fun, but medicinal 
cannabis can help regulate the discomfort and sleep disturbances.

 Case 2: Insomnia Secondary to Restless Legs Syndrome

A 66-year-old woman developed restless legs syndrome (RLS) 3 months prior to 
consultation. She had suffered work-related physical and stress injuries and was 
disabled and on workers’ compensation. She had recently been treated for adhesive 
capsulitis (related to repetitive moving and computer issues), bilateral otitis externa, 
abscess-related tooth extraction 9 months ago, and COVID-19 postinfection depres-
sion and fatigue. She had a few episodes of RLS when she was younger which had 
been successfully treated with Elavil. She also had major depressive disorder requir-
ing the following medications including Cymbalta, Wellbutrin, and Trazodone for 
sleep. A neurologist also prescribed ropinirole, a dopamine agonist indicated for 
Parkinson symptoms and restless legs syndrome (RLS), but she experienced 
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disturbing side effects of nausea, diarrhea, and difficulty remembering or concen-
trating. Because of these side effects, she discontinued this drug. She was following 
a plant-based diet and has been using a variety of supplements including a blend of 
ginger, cayenne, and black pepper; elderberry capsules with zinc; Vit C 500 mg; Vit 
D3 2000 IU; Vit B12; and probiotics. After 3 months she sought consultation for 
medicinal cannabis.

RLS has been associated with several abnormalities including dopamine levels, 
iron metabolism, and REM sleep motor disinhibition. Cannabis has been shown to 
modulate all of these mechanisms [198]. In REM sleep disturbances, CBD can 
modify this natural cycle to improve sleep quality. CBD is well established as a 
neurotransmitter modulator for maintaining natural balance including dopamine 
pathways [198]. Another problem frequently seen in RLS is elevated hypoxic- 
inducible factor 1-alpha related to disordered iron metabolism for which the cause 
is undetermined. Two studies found hypoxia in the leg muscles of RLS patients 
without any evidence of actual hypoxia [260]. CBD has been shown to reduce levels 
of this signaling factor [261].

L-DOPA is commonly used as a temporary treatment for RLS with some good 
effects temporarily but not without ill effects. CBD protects dopamine cells and 
increases dopamine receptors in the brain. It has been effective in Parkinson’s dis-
ease for quality of life and in my clinical experience resolving motor dysfunc-
tion [262].

For this patient a high potency, full-spectrum tincture (1:20 THC/CBD) was pre-
scribed at a starting dose of 25 mg in early evening for RLS but suggested twice 
daily in consideration of other post-COVID-19 symptoms and capsulitis. The eve-
ning dose was 2 h before sleep time. Remarkably all RLS symptoms resolved on 
first dose. Sleep duration and quality improved as well as improved mental concen-
tration and physical performance. She was able to successfully rehabilitate her 
shoulder with physical therapy. She was also able to discontinue most other medica-
tions and her depressive symptoms resolved. She was able to reduce the daily dose 
by half after 2 months and maintain her symptom-free condition with a single 
nightly dose of 25 mg of CBD at bedtime. However, she ran out of product and her 
RLS has returned. An alternate local cannabis product with 1:1 THC/CBD ¼ mL 
has given no symptom relief. She plans to reorder the original full-spectrum CBD 
product immediately.

 Conclusion

Sleep disorders are common and important reasons why people self-medicate with 
cannabis. Insomnia is associated with a range of poor health outcomes. There are 
several models of insomnia that have been developed to explain its pathogenesis, 
and other factors including genetics, brain neuroanatomical changes, and altered 
neurotransmitters are also likely to be involved. There is evidence that the endocan-
nabinoid system is involved in the circadian sleep-wake cycle and may provide the 
link between the circadian regulation systems and the physiological process of 
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sleep. Preclinical and clinical evidence indicate that cannabidiol and tetrahydrocan-
nabinol may have a role to play in the treatment of sleep disorders.

Chronic or severe sleep disorders including insomnia should be evaluated and 
treated in an integrative manner not merely substituting a phytocannabinoid as an 
alternative for a benzodiazepine hypnotic. Cannabinoids should certainly be consid-
ered early in the clinical relationship because of the excellent safety profile, imme-
diate results, and side benefits as an anti-inflammatory agent. And, cannabinoids 
may be good first step in establishing rapport and a comprehensive program. Sleep 
hygiene recommendations are something that clinicians can readily advise on. 
Referrals to other colleagues may be necessary to address some of the etiological 
factors that may be involved, for example, anxiety and stress. Optimal nutrition and 
diet will help support not only a well-functioning ECS but a well-functioning 
human, period. While we have not addressed nutritional and dietary factors nor 
environmental factors in this chapter, suffice to say that clinicians should consider 
these potential contributing factors carefully as well. The root cause of the insomnia 
must be addressed.
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Dementia: Alzheimer’s Disease

 Introduction

Dementia is a term that describes a group of diseases which are characterized by 
gradual impairment of brain function. Changes can include loss of memory, cogni-
tive decline, and changes in speech, behavior mobility, personality, and functional 
ability [1]. Health and functional ability decline as the disease state progresses [1]. 
Dementia is increasingly common with increased age, mainly occurring in those 65 
and over; however, it can affect younger people. Dementia is a major cause of dis-
ability in older people, and it also substantially impacts on caregivers, given that 
dementia sufferers become very dependent on their caregivers for most areas of 
daily life [1].

This Chapter
In this chapter, we will explore dementia, with a focus on the main form of demen-
tia, Alzheimer’s disease. We will discuss the pathophysiology, including how the 
endocannabinoid system is involved, and then examine the potential mechanisms of 
action of CBD and THC in treatment of Alzheimer’s disease.

 About Dementia

 Prevalence of Dementia

In 2015, worldwide an estimated 50 million people were living with dementia, and 
this figure is predicted to double every 20  years [2]. In Australia, an estimated 
400,000–459,000 Australians had dementia in 2020 (up to 70% was Alzheimer’s 
disease) [1]. To give some context, the population of Australia is around 25 mil-
lion people.

Alzheimer’s disease, the most common form of dementia, affects around 25 mil-
lion people worldwide [3]. Countries in North America and western Europe have 
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the highest rates of Alzheimer’s disease (6.4% and 5.4%, respectively, at age 
60 years). Latin America and China have rates of 4.9% and 4%, respectively, which 
could be related to adoption of western diets as these areas develop [4]. Prevalence 
is much lower for Africans (living in Africa) compared western Europe and the 
Americas [4].

 Types of Dementia

There are several types of dementia, though boundaries between the different types 
of dementia are indistinct and a person can have several types of dementia concur-
rently [1]. The most common type of dementia is Alzheimer’s disease (hereafter we 
use the abbreviation AD) (50–70%) and then vascular dementia (20–30%). The eti-
ology and pathogenesis of these two differ [5]. Other types include paralytic demen-
tia, Lewy body dementia, Parkinson’s disease, trauma dementia, carbon 
monoxide-induced dementia, Huntington’s dementia (i.e., dementia associated with 
Huntington’s disease), and frontotemporal lobar degeneration (FTLD) [6, 7].

 Risk Factors for Dementia

There are several risk factors for dementia including age, family history, smoking, 
hearing loss, depression, diabetes, hypertension, and obesity [1, 8]. A systematic 
review and meta-analysis of 28 prospective observational studies found that in dia-
betes, there is a 73% increased risk of all types of dementia, a 56% increase in risk 
of AD dementia, and a 127% increased risk of vascular dementia [9]. The risk fac-
tors for AD will be discussed in the section on Alzheimer’s Disease.

 Common Neuropsychiatric Symptoms of Dementia

There are neuropsychiatric symptoms (behavioral and psychological symptoms) 
common to all dementia types, and these include anxiety, agitation, aggression, psy-
chosis, eating disorders, apathy, and wandering [5]. Most dementia sufferers will 
experience at least one of these symptoms [5]. Anxiety and depression are more 
common in early stages, while psychosis and aggression are more common in 
advanced disease [10]. Olfactory dysfunction is often present as a symptom of a 
neurodegenerative disease including dementia [11]. Loss of smell or anosmia can 
be an early sign with sensory and central processing impairments in any of the com-
ponents of olfaction [12]. Hyposmia may be an early predictive symptom associated 
with AD [13] and more recently recognized, Parkinson’s disease [14]. In one study, 
9 of 29 patients with hyposmia and mild cognitive impairment (31%) developed 
AD, which progressed over 18 months [13].

Specific symptoms and signs of AD will be discussed later in this chapter.
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 Treatment of Dementia

Currently, there are no current recognized pharmaceutical solutions that can stop the 
course of dementia. Treatment is aimed at managing the neuropsychiatric symp-
toms. Treatment of the symptoms associated with dementia includes non- 
pharmacological interventions aimed at identifying unmet physical and emotional 
needs which may be triggering the associated symptoms (first-line treatment) and 
pharmacological interventions (usually second-line treatment) [5].

The most common medications used to treat the symptoms of dementia are the 
atypical antipsychotics, despite limited evidence of effectiveness and studies which 
have found them to be associated with harm including falls, cerebrovascular acci-
dents, and death [5]. Other drugs used include antidepressants and antiepileptics for 
which there is only limited evidence that these types of drugs decrease agitation and 
psychosis [15].

Four acetylcholinesterase inhibitors (galantamine, donepezil, tacrine, and riv-
astigmine) have been approved in the USA to improve memory; however, there is 
no strong evidence of efficacy [4]. A meta-analysis found that risperidone and olan-
zapine significantly reduced aggression in AD and risperidone reduced psychosis, 
but both drugs were associated with serious adverse cerebrovascular events and 
extrapyramidal symptoms [16].

 Impact of Dementia on Caregivers

Dementia has a significant impact on the caregivers of the patient. Patients with 
dementia become more heavily reliant on the caregiver as the disease progresses. 
The neuropsychiatric symptoms have been found to have a more profound (nega-
tive) effect on caregivers and be a stronger predictor of caregiver burden in AD than 
the cognitive decline/impairment, disease stage, or other symptoms such as depres-
sion and apathy [5, 17]. Effects on caregivers include decreased quality of life, 
depression, stress/distress, lower income, and potential for injury if the patient 
behaves aggressively [5].

 Financial Impacts of Dementia

The costs to society and personal and family financial costs of dementia are substan-
tial. In 2018, the estimated cost of caring for US patients with AD and other forms 
of dementia was $277 billion, without including costs of unpaid caregiving. 
Approximately US$ 60 billion was out of pocket costs, and these costs are predicted 
to increase [18].

Interestingly the financial implications of dementia can start 6 years before diag-
nosis. A cohort study of 81,364 Medicare beneficiaries living in single-person 
households in the USA found that those with AD and related dementias were more 
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likely to miss bill payments up to 6 years before diagnosis and began to develop 
suboptimal credit scores 2.5 years before diagnosis compared to those never diag-
nosed [19].

 Alzheimer’s Disease

Alzheimer’s disease (AD) is the most common form of dementia, though it is pos-
sible to have more than one form of dementia concurrently. AD is an irreversible 
and progressive neurodegenerative disease which gets worse with time. It is thought 
that AD begins 20 or more years before symptoms begin to manifest, with small 
brain changes occurring that are not noticed by the individual [6]. Impairment of 
short-term memory is one of the first symptoms experienced [3, 20]. As the disease 
progresses, patients begin to show other symptoms including loss of long-term 
memory, confusion, sleep disturbances, language disturbances, mood changes, and 
loss of body function which are a result of the neuron damage in various brain 
regions affected [3, 6, 21]. People suffering from AD live with the symptoms for 
years, and with time, the symptoms increase and interfere with daily living. 
Eventually, neurons in brain regions responsible for basic bodily functions like 
walking and swallowing become affected. The outcome of AD is death [6].

 Two Types of Alzheimer’s Disease

There are two types of AD, one called familial AD which is inherited as an autoso-
mal dominant pattern and typically develops as early onset and the other is the 
sporadic type which typically develops later in life and the cause of which is poorly 
understood [22–24].

 Risk Factors for Alzheimer’s Disease

The three greatest risk factors for late-onset AD are age (older age—being 65 years 
or older—is a risk factor for late-onset AD), carrying the E4 form of the ApoE gene 
(coding for apolipoprotein), and having a family history of AD [6]. Other risk fac-
tors for AD include head trauma, vascular conditions including diabetes, obesity, 
and trans-fat intake, while the Mediterranean diet (characterized by increased 
monounsaturated olive oil and omega-3 from fish), higher level of education, and 
physical activity reduce AD [4, 9, 24].

Those who have the genetic variant apolipoprotein E ε2 (ApoE2) allele are pro-
tected from developing AD, while the ApoE4 allele is associated with late-onset AD 
[25]. Implications of variations in the gene coding for apolipoprotein E will be dis-
cussed in a later section on pathophysiology.
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 Prevalence of Neuropsychiatric Symptoms in Alzheimer’s Disease

While memory loss and cognitive decline are common symptoms of AD, behavioral 
disorders are also a feature of this disease [7]. Over 90% of AD sufferers will be 
affected by behavioral and psychological symptoms [26]. Interestingly in one study 
in Thailand [27], in 61.3% of AD patients, the chief complaint was neuropsychiatric 
symptoms, while memory problems were the chief complaint in a comparatively 
lower percentage (38.7%). Olfactory disorders such as hyposmia (decreased sense 
of smell) can accompany AD even in its early stages, and hyposmia may be an early 
predictive symptom of AD [13].

The following figures from a couple of studies give us an idea of the prevalence 
of some of the common neuropsychiatric symptoms (in addition to memory 
loss) in AD:

• Apathy 49–71%
• Depression 42%
• Aggression/agitation 35–45%
• Anxiety 39%
• Irritability 36%
• Sleep disorder 39–56%
• Appetite or eating disorder 34–51%
• Delusion 31–40%
• Aberrant motor behavior 32–61%
• Disinhibition 17%
• Hallucination 16%
• Euphoria 6.5% [27–29]

As you can see from the figures above, behavioral disturbances such as irritability, 
agitated behavior, aggressive behavior, and aberrant motor behavior are common [28]. 
Agitated behavior refers to inappropriate verbal or motor activity that is not explained 
by needs nor confusion and may be nonaggressive or aggressive. Aggressive behav-
ioral symptoms can occur with or without agitation and include fighting, throwing 
things, swearing, screaming, restlessness, pacing, wandering, inappropriate disrobing, 
and others [30]. Agitation occurs in 20–50% of those with moderate-severe AD, is 
common in those residing in long-term care facilities, and is associated with decreased 
quality of life, increased caregiver burden, higher rates of institutionalization, and 
higher mortality rates [31]. It is particularly difficult to treat [31].

Something to bear in mind is that agitation and aggressive behavior can be 
incredibly stressful and challenging for caregivers including nursing staff and fam-
ily members. The impact of such neuropsychological symptoms on those around the 
patient with dementia should not be underestimated. In dealing with patients with 
dementia, healthcare practitioners would do well to also inquire with family mem-
bers about how they are coping as they may well need your help too.

 Alzheimer’s Disease
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 Overview of Pathophysiology of Alzheimer’s Disease

AD is characterized by a slow and progressive loss of cognitive function which is 
associated with neurodegeneration and neuroinflammation and a gradual degenera-
tion and death of cerebral cells [7, 32].

AD, like many other age-related neurological disorders, is characterized by 
proteinopathies—the aberrant accumulation of disease-specific protein aggre-
gates or misfolded proteins, which accompanies cognitive decline. There are sev-
eral underlying processes involved in AD, including protein misfolding and 
disrupted protein homeostasis (or proteostasis), microglial activation, oxidative 
stress, and neuroinflammation [33] and progressive cerebral atrophy [34]. 
Neurodegeneration associated with AD is characterized by loss of neurons along 
with synaptic loss and failure, and this leads to loss of memory, impairment of 
cognition, and changes in behavior [20, 35]. In fact, synaptic loss is one of the 
factors most strongly correlating with the cognitive impairment occurring in AD 
patients [35].

 Triad of Changes

AD is characterized by a triad of the following:

 1. Extracellular deposits of aggregated β-amyloid peptide (Aβ)
 2. Intracellular neurofibrillary tangles (NFT) made of hyperphosphorylated tau 

proteins
 3. Neuroinflammation (including astrogliosis and microglial cell proliferation) 

[20, 32, 36]

The presence of amyloid plaques is considered a neuropathological diagnostic 
criterion for AD and is composed of extracellular aggregated β-amyloid peptide 
(Aβ). Intracellular neurofibrillary tangles (composed of microtubule-associated 
protein tau), however, are not specific for AD and can be found in many neurode-
generative diseases (such as progressive supranuclear palsy and subtypes of fronto-
temporal dementia) [37].

According to Gouras et al. [37], Aβ is a normal peptide generated throughout 
lives, and is not inherently toxic, perhaps even having a physiological function, as 
distinct from amyloid plaques which are abnormal lesions composed on highly 
aggregated Aβ fibrils. One study found that Aβ40, either soluble or aggregated, at 
nano- and micro-molar concentrations in cell-free oxidative systems acts as a potent 
antioxidant (and argued that Aβ40-Cu(I)/Fe(II) complexes per se were not respon-
sible for oxidative damage in AD) [38]. The function of β-amyloid peptides has not 
been fully elucidated [37]. Production and secretion of Aβ is stimulated by synaptic 
activity [37].
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 Aggregated Aβ Peptide and Alzheimer’s Disease

It is thought that the misfolded, aggregated Aβ peptide is the initiating trigger for 
AD [39], with progressive accumulation of Aβ protein caused by an imbalance 
between its production, aggregation, and removal [22]. The proteostasis network is 
the protein surveillance system which regulates the cellular proteome, including 
protein synthesis and clearance of misfolded proteins. This network becomes dys-
functional in many different neurodegenerative diseases including AD. Reactive 
oxidative species (ROS) due to several factors (including inflammation, aging, dis-
ease-associated mutations, polymorphisms) can impair the proteostasis network 
balance, causing oxidative damage, and neuroinflammation and disrupt proteosta-
sis, leading to cell death [33].

As explained by Dash and colleagues [33], what happens in AD, as in other neu-
rodegenerative proteinopathies, is that there is repeated production of a specific 
protein which is misfolded and aggregated, and this affects specific neurons. Under 
healthy conditions, the body corrects this: misfolded proteins are either refolded 
correctly or degraded by the body’s quality control system, for example, by chaper-
one proteins. However, under conditions of cellular aging and proteotoxic stress or 
mutation, these misfolded proteins manage to evade this quality control system and 
become aggregated, forming structures varying from amorphous accretions to 
highly ordered amyloid fibril plaques (which are very resistant to degradation). 
Several factors are involved in protein aggregation including mitochondrial dys-
function, calcium-induced protein misfolding, and inflammation [33].

 Amyloid Cascade Hypothesis
In AD, Aβ is formed from amyloid-β protein precursor (APP). The “amyloid cas-
cade hypothesis” is that cleavage of amyloid precursor protein (APP) by β-secretase 
and γ-secretase complex causes an excessive production of Aβ, and this then causes 
inflammation that triggers tau hyperphosphorylation [32]. Tau is a highly soluble 
protein maintaining the stability of microtubules in axons that are abundant in the 
neurons of the central nervous system (CNS). Aggregated Aβ causes an imbalance 
of various phosphatases and protein kinases involved in maintaining different cel-
lular signals and promoting tau protein hyperphosphorylation. Tau hyperphosphor-
ylation leads to formation of insoluble intracellular aggregates called neurofibrillary 
tangles (NFT) [33]. This tau phosphorylation is understood to be essential for neu-
rodegeneration [20]. The neurofibrillary tangles then impair intraneuronal commu-
nication and lead to cell death [40].

 Neuroinflammation

Support for the role of inflammation in the pathogenesis of AD comes from epide-
miological evidence, including findings that long-term use of NSAIDs lowers 
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prevalence of AD by 30–60% [32, 41–43]. Other studies have found increased lev-
els of proinflammatory cytokines including IL-1, IL-6, TNF-α, or S100β associated 
with AD [36, 44, 45], and elevated plasma levels of C-reactive protein and IL-6 have 
been found in AD patients well before clinical onset of AD [32, 46, 47]. Also, glio-
sis is very evident in AD, and most plaques are surrounded by activated astrocytes 
and/or invaded by activated microglia [32].

 Pathways of Neuroinflammation
Neuroinflammation is a process that helps maintain homeostasis in the CNS and is 
triggered in response to exogenous and endogenous pathogens, toxins, infections, 
and aggregated or modified proteins. Neuroinflammation is mediated by glial cells, 
in particular microglia, the resident macrophages of the CNS. Microglia have the 
responsibility of initiating, amplifying, and/or equalizing the inflammatory response. 
They do this by synthesizing inflammatory mediators including cytokines, prosta-
glandins, and free radicals [48].

While microglia normally play a role in homeostasis, overactivation of microglia 
appears to be involved in creating the proinflammatory state characteristic of 
AD. Normally, microglia scavenge damaged neurons and secrete neurotrophic fac-
tors, protecting neurons and supporting their survival. However, in AD microglia 
are overactivated and release excessive amounts of proinflammatory factors like 
nitric oxide and reactive oxygen species, and this promotes neuronal death [49].

The pathways of neuroinflammation involved in AD are complex, and what fol-
lows is a brief summary of key points (see Bedse et  al. [22] for a deeper dive). 
Essentially, the deposition of Aβ neuritic plaques is believed to trigger neuroinflam-
mation which eventually leads to neurodegeneration [22, 50], and the neuroinflam-
matory response has been found to parallel the disease course [51, 52].

Formation of complex protein aggregates containing Aβ peptide induces a 
chronic inflammatory response which leads to activation of microglia (CNS phago-
cytes) and astrocytes [22], and a process of reactive gliosis. These accumulate at the 
Aβ plaques, engulf them, and try to clear them through autophagy/phagocytosis [22, 
36]. Both produce proinflammatory chemicals that trigger secondary damage, con-
tributing to inflammation [53, 54].

Aβ activates many signaling cascades within microglia including, among others, 
some that lead to production of reactive oxygen species (ROS) and to the synthesis 
of neurotoxins and excitotoxins [54]. Other factors appear to be involved too, 
including blood coagulation and fibrinolysis systems, and altered expression of sev-
eral intercellular adhesion molecules on microglia and astrocytes [54].

Various kinases are stimulated which activate mitogen-activated protein kinase 
(MAPK) and nuclear factor κB (NF-κB), and Aβ can also directly activate MAPK 
and extracellular kinase (ERK) pathways [22]. This leads to release of proinflam-
matory cytokines of which interleukin-1β (IL-1β) and tissue necrosis factor alpha 
(TNF-α) are the main ones responsible for the chronic inflammation occurring in 
this disease [22].

IL-1β from glia can activate MAPK and NF-κB signaling in astrocytes as well as 
neurons, further increasing inflammation as well as triggering tau phosphorylation 
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[22]. Increased IL-1 is also related to neurofibrillary tangle development in AD [55], 
though there is some evidence that it may play a beneficial role by dampening the 
detrimental effects of amyloid accumulation [36].

Aβ induces neuronal cell apoptosis via several mechanisms including increasing 
permeabilization of lysosomal membranes, activation of caspase-3, and others [22].

 Oxidative Stress
Oxidative stress is a key part of the pathophysiology of AD. Aβ deposition has been 
shown to lead to free radical-induced oxidative stress, reflected in formation of 
ROS, lipid peroxidation, DNA oxidation, and modification of proteins by lipid per-
oxidation products [56–58].

Oxidative stress and synaptic dysfunction are part of the early events occurring 
in AD, and it is thought that changes in neuronal activity and signaling promote 
amyloid precursor protein (APP) processing and increased Aβ formation, creating a 
positive feedback that speeds up the AD pathogenesis [59]. Thus, oxidative stress, 
neuroinflammation, and synaptic dysregulation/dysfunction are part of the patho-
genesis, not just the end result of Aβ-induced damage [59].

Release of the proinflammatory cytokines ultimately causes ROS/reactive nitro-
gen species (RNS) generation, mitochondrial dysfunction, and neuronal apoptosis 
[22, 33]. Other pathways are involved including excessive intracellular calcium 
accumulation leading to ROS/RNS production which detrimentally affects the qual-
ity control mechanisms, and excessive aggregation interacts with membrane sys-
tems creating transmembrane pores which lead to greater calcium influx [33]. In 
addition, activation of particular neuronal signaling pathways can inhibit synaptic 
plasticity [22]. Thus, a neurotoxic environment is created which contributes to AD 
progression [36, 60].

 Autophagy and mTOR

Inherent in the pathological process is the accumulation of Aβ without adequate 
clearance. A major clearance mechanism is the process of autophagy. “Autophagy” 
(a term literally meaning “self-eating”) is the body’s process of clearing out dam-
aged or dysfunctional cells, organelles, and proteins and then recycling their parts. 
It is crucial for maintaining cellular homeostasis, and neurons rely heavily on 
autophagy to maintain normal function. Protein aggregates and damaged organelles 
are taken into a vesicle-like structure called an autophagosome and then eventually 
merge with a lysosome for lysing or destruction. The recycled amino acids, fatty 
acids, sugars, and other components are released into the cytosol to be reused in 
various pathways [61].

Autophagy is essential for breakdown and recycling of cellular debris and pro-
tein aggregates like tau. But this is not without intelligent controls. Autophagy 
receptors have been found to recognize phagosome contents and differentiate mac-
rophages for the inflammatory versus adaptive state for healing. The mTOR path-
way is the master controller of autophagy and is involved in regulation of macrophage 
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polarization. mTOR, activated by the ERK pathway, programs the microglia to 
decrease autophagy with a proinflammatory response in conjunction with increased 
cellular glycolysis. However, in the autophagy cascade, Aβ products may be 
degraded for cellular recycling or inactivated for elimination. This alternative path 
relies on oxidative phosphorylation of mitochondria. The mTOR pathway may reg-
ulate the macrophage inflammatory pathway, differentiation, metabolism, and func-
tion [62]. The question of a possible defect in autophagy in the pathophysiology of 
neurodegenerative conditions has been raised [62].

 Two Key Systems Regulating Autophagy
There are actually two key systems that regulate autophagy: the mammalian target 
of rapamycin complex 1 (mTORC1) and AMP-activated protein kinase (AMPK). 
They have opposite effects, inhibiting or activating autophagy, respectively. The 
mTOR system primarily senses cellular nutrition and energy (it senses the avail-
ability of nutrients and growth factors). In conditions of low cellular energy, AMPK 
is activated which triggers autophagy. In conditions of sufficiency, mTOR stimu-
lates growth and proliferation, and in cancer, some tumors actually “hijack” mTOR 
for their growth. Fasting promotes AMPK which can induce this autophagy switch, 
as can specific diet regimens including caloric restriction and very low carbohy-
drate/ketogenic diets [61]. Meanwhile, Aβ has been shown to inhibit AMPK, thereby 
preventing the elimination of neurotoxic Aβ oligomers [63].

 Associations Between Autophagy Regulation and AD
Autophagy is important for neuron homeostasis, and there is evidence of associa-
tions with neurodegenerative disorders including AD, as well as many others includ-
ing cancer, cardiovascular disease, and obesity (a risk factor for many diseases) [61, 
64]. Research in a mice model of AD has demonstrated that an mTOR inhibitor can 
reduce Aβ levels and abolish cognitive decline [65] and the polyphenol resveratrol 
(a known antioxidant present in grapes and red wine) has been found to activate the 
AMPK pathway and trigger autophagic destruction of Aβ [66]. Berberine, one of 
the active constituents of the Chinese herb Huang Lian (Coptis chinensis) as well as 
other herbs, has also been found to promote autophagy and inhibit production of Aβ 
in a mouse model of AD [67]. There are many different potential compounds which 
may be able to activate AMPK or inhibit mTOR and other targets in autophagy (see 
Meng et al. [61]).

 Changes in the mTOR Pathway Linked to Cognitive Decline and AD
Multiple studies have linked the changes of mTOR pathway to cognitive decline 
and AD. This is uniquely the case in Down syndrome with very similar pathophysi-
ology to AD, where between 40 and 50 years of age, Down syndrome persons have 
AD-like pathology and dementia. The premature neurodegeneration in Down syn-
drome (as early as mid-40s) implicates dysfunction in mitochondria, neurogenesis, 
oxidative stress, proteostasis, and autophagy, all related to chromosome 21 trisomy. 
Specifically, in Down syndrome the mTOR signaling has been shown to induce Aβ 
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generation and senile plaques and neurofibrillary tangles [68]. Successful treatment 
or prevention of dementia in Down syndrome could have major implications for AD.

 Tau Hyperphosphorylation

As described earlier, amyloid deposition is only one part of the pathogenesis of AD 
[20]. In addition to the extra-neuronal Aβ plaques, AD is also characterized by neu-
rofibrillary tangles composed mostly of hyperphosphorylated tau protein [69]. 
These intraneuronal aggregations of microtubule-associated protein tau are in the 
form of filaments [70].

A study was conducted in humans with AD and dementia where they were fol-
lowed until death, with postmortems then conducted on their brains. The study 
found moderate correlations between densities of neocortical neurofibrillary tangles 
and severity/degree and duration of dementia (as measured when they were alive 
using two validated dementia scales), but the density of senile plaques was not cor-
related to degree of dementia [71]. They also concluded that densities of neocortical 
plaque differentiated very old subjects with dementia from controls (those without 
dementia) [71].

The interactions between extracellular Aβ plaques and intracellular neurofibril-
lary tangles are not well understood [69]. Research has found that RCAN1 levels (a 
gene that responds to oxidative stress), GSK-3β (glycogen synthase kinase 3β) pro-
tein levels, and tau phosphorylation are increased when cortical neurons are incu-
bated with Aβ peptide, and this effect is blocked by the antioxidants glutathione and 
trolox [69]. Such research implicates Aβ peptide as a transcription factor in tau 
hyperphosphorylation via RCAN1 [69]. Additionally, increases in GSK-3β may 
also promote further Aβ formation by inhibiting AMPK pathways [72].

 Changes Occurring Prior to Signs and Symptoms of AD

One of the key problems, certainly from the perspective of finding therapeutic strat-
egies to prevent or halt it, is that the activation of microglia and astrocytes and the 
resultant excessive cytokine production can occur decades prior to the pathological 
changes that hallmark a diagnosis of AD [60]. Aβ deposition occurs at least 20 years 
prior to the signs and symptoms of AD [73, 74]. Aβ can be detected using positron-
emission tomography (PET) or by a reduction in Aβ levels in cerebrospinal fluid 
(CSF), but unfortunately these only become detectable when Aβ deposition in the 
brain is already well underway [75].

Recent research in mice suggests that the preclinical phase of AD (i.e., when 
there is Aβ deposition without clinical symptoms) may be a relatively late manifes-
tation of a much earlier phase of pathogenic Aβ seed formation [75]. Other research 
indicates that Aβ seeding is strongest in the early stages of cerebral β-amyloidosis 
and decreases with disease progression and age [75–77].
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Mice research has demonstrated that acute administration of an antibody, adu-
canumab, at the pre-amyloid stage led to a significant decrease in Aβ and down-
stream pathogenic changes 6 months later [75]. This is promising research. 
Therapeutic interventions that might be able to address this very early pathogenic 
stage of pre-amyloid seeding may be where the biggest gains might be had in 
the future.

 Scientific Debate: Is Aβ the Key Toxic Entity After All?

Yet, despite the fact that amyloid plaques are the classic hallmark of AD, and there 
is much in the literature that indicates Aβ oligomers are responsible for the neuro-
toxic effects of Aβ rather than the fibrils [22], there are several lines of evidence 
that amyloid plaques are not the main toxic Aβ entity [37]. Cognitive decline does 
not correlate with the levels of these cortical plaques. Loss of synapses is the main 
correlate of disease progression, and loss of cholinergic neurons is a contributor 
to deficits in memory and attention [3]. Other studies provide evidence that 
plaques and change in cognition are unrelated. For example, an active Aβ42 vac-
cine clinical trial found the vaccine was associated with plaque clearance, but 
there was continued cognitive decline [78]. In two different mouse models of 
chronic synaptic inhibition, plaque burden decreased, but there was an increase in 
Aβ42 immunoreactivity within neurons, and increased synaptophysin and syn-
apse loss [79].

Other research that indicates tau deposition is critical in the pathogenesis of 
dementia [80]. A case report demonstrated that extensive deposition of amyloid in 
humans who have genetically inherited AD does not lead to dementia if they have 
an additional genetic mutation that prevents tau deposition [80].

 Cholinergic Involvement in Alzheimer’s Disease

Evidence exists that cholinergic and glutaminergic systems are involved in the etiol-
ogy and pathogenesis of AD. Levels of acetylcholine (ACh) and its functioning are 
decreased in AD, and this is relevant to AD since this neurotransmitter is critically 
involved in processing of memory and learning [81]. Cholinergic neurons are widely 
distributed in the brain, with almost all parts of the brain innervated by these neu-
rons [3]. Cholinergic neurons are found mostly in the spinal cord, hindbrain, basal 
forebrain, striatum, medial habenula, mesopontine region, olfactory tubercle, and 
islands of Cajella complex. The cholinergic system is involved in memory, learning, 
attention, sleep, wakefulness, the stress response, and processing of sensory infor-
mation [3]. In fact, acetylcholine (ACh) is involved in modulation of all aspects of 
memory including acquisition, encoding, consolidation, reconsolidation, and 
retrieval [3].
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 Cholinergic Hypothesis of AD
The basalis of Meynert (also called the nucleus basalis) is a group of neurons located 
in the basal forebrain that projects neurons throughout the cortex and amygdala. In 
AD, there is a selective and severe degeneration and loss of neurons in the basalis of 
Meynert which contributes to memory loss [3, 82, 83].

The “cholinergic hypothesis of AD” is based on findings that ACh levels and 
functioning are decreased in AD, that there is a severe loss of cholinergic neurons in 
the basal forebrain including in particular in the basalis of Meynert, and that there is 
decreased acetylcholinesterase activity [81]. It appears that the neurotoxicity asso-
ciated with the Aβ oligomers affects cholinergic synapses in particular, with loss of 
cholinergic synapses correlating strongly with cognitive impairment [3, 84].

Because of the extensive distribution of cholinergic neurons, dysfunction of cho-
linergic transmission has the potential to influence cognition and behavior exten-
sively, including cortical and hippocampal information processing. Disruption of 
cholinergic signaling to the cortex can detrimentally affect attention and decision- 
making processes, and loss of cholinergic neurons can impair dopaminergic trans-
mission which might underpin the psychiatric symptoms associated with AD [3].

Deficits in memory and severity of the neuropathy in AD are correlated with 
changes in synaptic transmission in the hippocampus, and in particular with changes 
in the expression of the presynaptic vesicle protein synaptophysin [3, 85]. 
Synaptophysin makes up part of the pore complex that forms when a vesicle fuses 
with the presynaptic membrane, and in AD, its levels have been found to be lower 
in particular brain regions [86].

 Acetylcholinesterase Activity Is Reduced in AD
As mentioned earlier, the main cholinergic neurons affected in AD are those in the 
basalis of Meynert, and neuron numbers here are severely reduced from around 
500,000 in normal brains to under 100,000 in those with advanced AD [3, 87]. In the 
remaining cholinergic neurons, there is reduction in cortical choline acetyltransfer-
ase activity (this enzyme is responsible for synthesis of ACh) which correlates with 
severity of dementia and number of neurofibrillary tangles [88]. Other studies sug-
gest that acetylcholinesterase may also be involved in AD pathology, and on the 
basis of this, several cholinesterase inhibitor drugs including rivastigmine have 
reached the market [3].

 Glutaminergic Involvement in Alzheimer’s Disease

Glutamate is the most abundant excitatory neurotransmitter in the central nervous 
system (CNS), widely distributed and mostly located intracellularly [24]. Most of 
the excitatory neurotransmission is mediated by glutamate and its receptors, mostly 
ligand-gated ionotropic glutamate receptors (iGluRs) which are involved in 
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synaptic plasticity (which underpins learning and memory). The level of glutamate 
exists at a low resting concentration in the synaptic cleft, but during synaptic trans-
mission, this concentration increases significantly. Residual glutamate is removed 
by a glutamate uptake system [24].

There are several lines of evidence to suggest that glutamate excitotoxicity is 
involved in the pathogenesis of AD. What follows is a summary from Wang and 
Reddy [24], recommended reading to understand the intricacies better.

One subgroup of iGluRs are the N-methyl-d-aspartate (NMDA) receptors (abbre-
viated to NMDARs) which are gated selectively by NMDA. Glutaminergic neuro-
transmission that occurs via NMDARs is necessary for neuronal survival (as these 
receptors activate neuronal survival pathways) as well as synaptic plasticity (which 
underpins learning and memory). There needs to be sufficient NMDAR signaling; 
otherwise, neuronal cell survival is threatened, but if there is excessive NMDAR 
activity, it leads to excitotoxicity and cell death [24]. It appears that in AD, this deli-
cate balance has become disrupted and that glutamate-mediated excitotoxicity is 
favored [24].

Where the NMDARs are located determines its action: activation of synaptic 
NMDARs is believed to trigger plasticity and promote cell survival, whereas activa-
tion of extra-synaptic NMDARs triggers cell death. It is believed that when these 
processes get out of balance and become tipped toward activation of extra-synaptic 
NMDARs, this contributes to the neurodegeneration that occurs in several diseases 
including AD [24, 89].

Toxic Aβ may impair the glutamate reuptake systems and thus lead to excess 
glutamate availability which then contributes to increased excitotoxicity and neuro-
degeneration [24]. Deficiencies in reuptake of glutamate by astroglial cells in the 
synaptic cleft can lead to chronic low-level activation of receptors by glutamate 
[81]. Toxic Aβ can also directly affect the function of NMDARs. Excess glutamate 
from presynaptic terminals or astrocytes triggers extra-synaptic NMDAR signaling 
and tilts the balance away from the (pro-survival) synaptic NDMAR activity, 
thereby favoring excitotoxicity and eventually neurodegeneration [24].

It is also thought that synaptic NMDARs become detrimentally affected by Aβ, 
resulting in reduced synaptic glutaminergic transmission and synaptic plasticity. 
Consistent with the synaptic loss of AD and neurodegenerative processes occurring 
later in AD, the presynaptic vesicle release mechanisms also become dysfunctional, 
leading to difficulties in initiating an excitatory event [24].

Again, we see how very finely tuned the human being is, illustrated by this exam-
ple of the balance in NMDAR signaling required to maintain a healthy nervous 
system. We also see how different factors can work to disrupt that balance and lead 
to neurodegeneration.

 Glucose, Brain Metabolism, and Vascular Impairments

Glucose hypometabolism may play a key role in the pathophysiology of dementia 
[25]. There are several lines of research to support this contention. For example, 
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reduced glucose metabolism has been demonstrated in the brains of patients with 
AD and other types of dementias. Observational studies have demonstrated that 
patients with diabetes have a higher risk of developing all types of dementia, as well 
as AD and vascular dementia [9]. Those with type 2 diabetes are 2–4 times more 
likely to develop AD [90].

 Is AD the New Type 3 Diabetes?
Brain insulin resistance could be an important factor in cerebral degeneration, cog-
nitive impairment, and increased AD [91]. There is evidence that insulin deficiency 
and insulin resistance within the brain may mediate neurodegeneration in AD, with 
some arguing that AD is “type 3 diabetes” or “brain diabetes” [91, 92]. Brain insulin 
resistance is linked to oxidative stress, and this is associated with ceramides, protein 
aggregates, proinflammatory cytokines, mitochondrial damage and abnormalities, 
and neuronal death [91].

Insulin plays a vital role in neuronal survival, neuroplasticity, cognition, and 
memory. Many of the changes seen in AD such as disturbances to neuronal growth 
and synaptic plasticity, tau hyperphosphorylation, and alterations in energy metabo-
lism may be due to impaired insulin signaling within the CNS.  Hyperglycemia 
impairs endothelial function and increases permeability of the blood-brain barrier 
allowing for leakage of peripheral ROS species and short-chain ceramides into the 
cerebral (and eye) circulation. Ceramides, a waxy lipid component of cell mem-
branes, have neurotoxic effects and have been shown to impair brain cell viability 
and energy metabolism, mediate insulin resistance, and induce inflammation, mito-
chondrial dysfunction, and oxidative damage in membranes and tissues, and may 
mediate cognitive problems found in patients with insulin resistance. Aβ plaques 
and decreased dendritic spine density have been found to be associated with brain 
insulin resistance [91].

Redox balance is likely to play a key role in cognitive changes and neurodegen-
erative changes and increased incidence of Alzheimer’s disease seen in patients with 
insulin resistance. In AD, ceramides enhance the formation of amyloid-β peptides 
through β-secretase that cleaves APP into Aβ. It has been argued that the neurotoxic 
effects of ceramide may be mediated by oxidative stress, something that might help 
explain the relationship between brain insulin resistance and the neurodegenerative 
changes seen in AD [91].

 Diabetes Treatment and AD
An interesting finding is that brain autopsies of diabetics don’t have more Aβ 
plaques and tau tangles than those without diabetes [25]. Why would this be the 
case? It might be because diabetes medications are decreasing the risk of AD brain 
pathology [25]. A study found that untreated diabetics displayed significantly 
greater p-tau, t-tau, and p-tau/Aβ1–42 than treated diabetics, prediabetics, or eug-
lycemic participants and greater t-tau/Aβ1–42 than the prediabetics or euglycemic 
participants. The untreated diabetic group progressed to dementia at higher rates 
than the euglycemic group (hazard ratio 1.602 [95% CI 1.057–2.429]; 
P = 0.026) [93].
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Further support for a link between glucose metabolism, diabetes, and AD can be 
seen in improvements in patients with AD with the use of antidiabetic drugs to 
improve insulin resistance in the body, as well improvements in the brain’s mito-
chondrial function and insulin responsiveness [91]. Endocannabinoid targets include 
oxidative stress, blood-brain permeability, glucose and lipid metabolism, and 
nuclear receptor modulation.

 Genes and Glucose Utilization
As mentioned earlier, those with the ApoE2 allele are protected from developing 
AD, and those with ApoE4 allele have a higher risk of developing late-onset AD 
[25]. The brains of mice models of ApoE2, ApoE3, and ApoE4 genotypes were 
found to differ significantly in facilitated glucose transporter (mediates entry of 
glucose into neurons) and hexokinase (key gateway enzyme involved in glycolysis) 
[94]. When they examined uptake and metabolism of ketone bodies, a secondary 
source of energy for the brain during fasting, it was the ApoE3 brains which showed 
a deficient profile (not the other genotypes) [94]. Thus, this study found that hexo-
kinase was the key cytosolic point in the glucose metabolism pathway that is dif-
ferentially modulated by the three different genotypes, and they surmised that the 
differences in expression and activity of hexokinase in the brains of the three ApoE 
genotypes may underlie the impact on glucose utilization and further susceptibility 
to AD [94].

Another study in mice found that glycolysis was more robust in ApoE2 mice 
than ApoE4 mice and that as the ApoE2 mice aged, they produced more hexokinase, 
while the ApoE4 mice had less hexokinase activity with age (therefore were less 
efficient at converting glucose to energy), consistent with the finding that the APOE4 
allele is associated with late-onset AD [25, 29]. Essentially if the APOE4 mice brain 
is not as efficient at utilizing glucose, this starves the energy-hungry brain cells and 
may lead to cognitive impairment [25]. Other animal studies have found impaired 
glucose transport in mice AD models [95].

 Genes and Familial Alzheimer’s Disease

Familial AD is inherited as an autosomal dominant pattern [22, 23]. It is caused by 
genetic mutations in presenilin (PS1, PS2) and amyloid precursor protein (APP) 
genes which affect a common pathway in APP synthesis and proteolysis which then 
leads to overproduction of amyloid-β peptide/protein.

Mutations in genes coding for amyloid precursor protein (APP), presenilin-1 or 
presenilin-2, have been implicated in familial forms of AD and associated with pro-
duction of Aβ oligomeric formations and amyloid plaques in brain areas including 
the hippocampus, cortex, and amygdala. Support for this theory is robust, especially 
in relation to familial forms of AD, but these only account under 5% of AD cases, 
indicating that other factors are at play in sporadic forms of AD [32].

The ApoE gene provides the template for apolipoprotein E which is involved in 
cholesterol transportation in the blood. Each person inherits one of the three alleles/
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isoforms of the Apo E gene, ApoE2, ApoE3, and ApoE4 from each parent, and 
therefore there are six possible ApoE pairs—E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, 
AND E4/E4 [6, 94]. According to the Alzheimer’s Association report, the ApoE4 
form increases an individual’s risk of developing AD compared with the E3, but 
does not guarantee that someone will actually develop AD. Those with the ApoE4 
variant are more likely to develop AD at a younger age than those with the E2 or E3 
forms of the gene [6]. Inheriting one copy of the E4 form is associated with three 
times the risk of AD than two copies of the E3 form, and inheriting two copies of 
the E4 form is associated with an 8- to 12-fold risk [6]. The rare genetic variant 
ApoE2 allele protects people against developing AD, while another variant, ApoE4, 
is associated with increased dementia risk [25]. Why this is so may have to do with 
glucose metabolism which may be altered in AD.

 Poor Sleep, Aβ Plaques, and Tau Tangles in the Pathophysiology 
of Alzheimer’s Disease

Those who have poor sleep are at higher risk of AD, and development of Aβ plaques 
and tau tangles negatively impacts of sleep. Patients with diabetes often have sleep 
problems [25]. Sleep disruptions, diabetes, and AD appear to be associated in some 
way. A study that used two different AD mice models (one was a model of Aβ 
pathology and the other was a model of tauopathy and neurodegeneration) was set 
up to investigate whether AD pathology and glycemic fluctuations synergize to 
cause sleep loss and peripheral glucose intolerance, which would increase risk of 
type 2 diabetes and AD [90]. The study found that sleep disruptions modulated AD 
and type 2 diabetes risk by changing the relationship between glucose tolerance, 
cerebral metabolism, neuronal activity, and levels of β-amyloid/tau. Inducing both 
low and high blood glucose resulted in less sleep in mice models of AD, and effects 
were exacerbated in mice with more β-amyloid or tau pathology [25, 90].

 Is Age a Risk Factor for Alzheimer’s Disease?

Activated microglia are subcategorized into primed, enlarged, and phagocytic, rep-
resenting the stages of activation [60]. With aging, there is an increase in activated 
astrocytes, microglia, and neuronal abnormalities and a progressive upregulation of 
glial inflammatory cytokines including IL-1, and this may increase risk of AD by 
favoring neuritic plaque formation as well as altering the threshold for AD develop-
ment in response to genetic and environmental factors [60, 96].

However, the question remains: are these changes a normal part of aging, or are 
they a result of simply a greater number of years living with environmental factors 
that may predispose us to systemic and neuroinflammation? As mentioned previ-
ously, risk factors for AD include many that would be considered environmental 
including head trauma, diabetes, obesity, trans-fat intake, and lower levels of physi-
cal activity [4]. All of these are associated with increased systemic inflammation.
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 Deficits in Current Treatments for AD

The difficulty with current treatments is that AD is typically diagnosed after the 
disease is well advanced. There are no treatments that reverse the disease process 
and cure AD, and many of the pharmaceutical interventions used to manage the 
neuropsychiatric symptoms/signs of AD are associated with several undesirable 
side effects [5, 20].

While recent pharmacological approaches have focused on reducing the 
β-amyloid deposits, this is only part of the pathophysiology of AD. Therefore, a 
better approach may be to modulate AD via the many different pathways involved 
rather than via just one [20]. The very best approach is primary prevention, since the 
Aβ deposition begins at least 20 years prior to signs and symptoms appearing [75]. 
Interventions which can target the very early pathogenic Aβ seed formation are 
likely to be important in the future. Given the regulatory role of the endocannabi-
noid system, there is clearly interest in how it might be involved in AD and whether 
this system might be a useful therapeutic target.

 The Endocannabinoid System in Alzheimer’s Disease

There is clear evidence that the endocannabinoid system (ECS) is involved in the 
pathophysiology of AD. This is not surprising, given the homeostatic regulatory 
role played by the ECS in nearly every system (if not all systems) within the body, 
and its wide distribution throughout the central nervous system (CNS). As we have 
seen in previous chapters, the ECS is involved in regulation of cognition, learning, 
memory, emotions, inflammation, neurogenesis, neuroplasticity, neuro-immunity, 
and neuroendocrine processes, as well reducing neuroinflammation and promoting 
neuroprotection.

As discussed in previous chapters, in the brain, CB1 receptors are widely distrib-
uted in areas including the cortex, hippocampus, cerebellum, and basal ganglia. 
CB1 receptor signaling plays a key role in neuroprotection [97]. For example, in 
human teratocarcinoma cells, the endocannabinoids AEA and noladin ether 
(2- arachidonyl glyceryl ether) have been shown to protect against Aβ-induced neu-
rotoxicity by activating CB1 receptors [98]. Meanwhile, CB2 receptors are mainly 
found in association with microglia (and astrocytes), supporting the neuroprotective 
and anti-inflammatory role of CB2 receptors in the CNS [20]. When microglial cells 
are activated, CB2 receptors in the microglial are upregulated and act by way of 
feedback to inhibit immune responsiveness [20, 99].

 Overview of Changes in the Endocannabinoid System 
in Alzheimer’s Disease

A systematic review of 22 human studies [100] found that the following changes in 
the ECS appear to occur in AD:
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• 2-Arachidonyl glycerol (2-AG):
 – Postmortem studies found no difference in 2-AG content in mid-frontal and 

temporal cortex between AD patients and controls.
 – Higher plasma 2-AG in AD compared with controls.
 – Increased DAGL expression with progression in AD (2-AG synthesis).
 – Increased MAGL with progression in AD (2-AG degradation).

• Anandamide (AEA):
 – Reduced AEA concentration in AD was found in postmortem brains (within 

temporal and mid-frontal cortex) but no change in serum AEA.
 – Increased FAAH expression and activity (AEA degradation) found in rela-

tion to AD.
• CB1 receptors:

 – Increased CB1 receptors found in early stages of AD in some studies which 
may reflect a compensatory mechanism (upregulation) related to reduced AEA

 – Decreased CB1 receptor levels in later stage AD found in other studies, with 
other studies reporting no difference in CB1 receptor levels in AD cases com-
pared to controls

• CB2 receptors:
 – Increased CB2 receptor expression and activity in key brain areas (e.g., hip-

pocampus, para-hippocampus, and prefrontal cortex) found in late AD possi-
bly in response to neuroinflammation.

• TRPV1 receptors:
 – No changes in TRPV1 expression in relation to AD

Despite changes in the components of the ECS being identified, less evidence 
exists to link changes in the ECS with cognitive defects [100].

Fatty Acid Amide Hydrolase (FAAH)
In addition to the changes above, postmortem examination of brains of individuals 
who died with AD showed significant upregulation of fatty acid amide hydrolase 
(FAAH; the enzyme which breaks down AEA) in astrocytes surrounding neuritic 
plaques. Since the breakdown products of AEA include arachidonic acid (AA), and 
AA is generally proinflammatory, this may contribute to inflammation [53].

 Preclinical Research: The Endocannabinoid System 
and Alzheimer’s Disease

Mice models of AD have given insight into the pathological changes in AD, includ-
ing changes in the ECS as well as potential areas for therapeutic intervention. One 
popular animal model of AD is the 5xFAD (family Alzheimer’s disease) transgenic 
mice model where the mice display microgliosis and astrogliosis in response to 
amyloid deposition. In this model which represents aggressive and early-onset amy-
loid pathology, the mice have significant neuronal loss by 9–12 months and cogni-
tive decline beginning at 4  months, increasing greatly with age [20]. While an 
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exhaustive description of the findings of animal experiments is beyond the scope of 
this book, we will take a quick look at some of the findings.

In one experiment using the 5xFAD model of AD, pharmacologic inhibition of 
FAAH (remember, FAAH breaks down AEA) had little impact on cognitive impair-
ment, plaque deposition, and gliosis nor on the expression of key cytokines and 
enzymes. However, genetic inactivation of FAAH (FAAH-null 5xFAD mice) led to 
increased expression of inflammatory cytokines, reduced soluble amyloid levels, neu-
ritic plaques, and gliosis as well as behavioral improvement in spatial memory (that 
was not mediated via CB1 receptors and was independent of anxiety level) [50].

Other studies using animal models of AD suggest 2-AG levels may be increased 
in AD [20], which is consistent with human studies which have also found increased 
plasma 2-AG in AD [101]. In a study of 41 patients with probable AD, age- matched 
with normal controls, AD patients were found to have higher plasma 2-AG levels 
which was thought be the researchers to possibly be a protective mechanism to hin-
der neurodegeneration [101]. In an experiment using homozygous and heterozy-
gous 5XFAD mice, there was an increase in diacylglycerol lipase (DAGL; which 
synthesizes 2-AG) levels and a decrease in monoacylglycerol lipase (MAGL; which 
degrades 2-AG). This may increase 2-AG levels, thereby leading to desensitization 
of CB1 receptors (which may explain the reduction in CB1 receptor levels found). 
The authors of this study proposed that excess production of endocannabinoids 
might be reflective of an anti-inflammatory response to combat the damage due to 
the amyloid deposition [20].

 Protective Role of Endocannabinoids
Several lines of evidence suggest that endocannabinoids play a protective role in 
AD, and this occurs via several pathways. For example, application of AEA, 2-AG, 
and noladin ether directly to cell culture or via inhibition of their degradative 
enzymes results in increased viability of neurons exposed to toxic Aβ species [98, 
102–104].

As discussed previously, Aβ induces neuronal cell apoptosis via several mecha-
nisms including increasing permeabilization of lysosomal membranes, activation of 
caspase-3, and others [22]. Endocannabinoids are neuroprotective and can stabilize 
lysosomes against Aβ permeabilization (increasing cell survival) and prevent DNA 
fragmentation and caspase-3 activation induced by Aβ [22, 105, 106]. Levels of 
2-AG in the brain were found to increase in response to acute in vivo administration 
of Aβ which again suggests a neuroprotective role [22, 106].

A study in rats and mice found that injection of beta-amyloid peptide (BAP) into 
rat cortices was associated with markers of neuronal damage in the hippocampus 
and increased 2-AG levels (but not AEA). Application of VDM-11, an inhibitor of 
endocannabinoid cellular reuptake, increased rat hippocampal and mouse brain 
endocannabinoid levels when administered either 3 or 7 days after BAP injection 
and until the 12th or 14th day. The endocannabinoid reuptake inhibitor reversed the 
hippocampal damage caused by BAP in the rat experiment and reduced Aβ-induced 
memory impairment in mice (but only when it was administered at least 3 days after 
the BAP injection) [106].

9 Dementia: Alzheimer’s Disease



417

 Cannabinoid Receptor Involvement in Pathology
It is reasonable that CB1 receptors should be involved in AD pathology given their 
critical involvement in the processes of memory, cognition, and regulation of emo-
tions, all of which are affected in AD [20]. In the same experiment mentioned in the 
previous section using homozygous and heterozygous 5XFAD mice, anxiety- like 
behavior and memory were altered, and CB1 receptor expression was reduced in the 
hippocampus in both homo- and heterozygous groups, suggesting this decrease may 
be related to memory dysfunction. They also found that the number of Aβ plaques 
was negatively associated with CB1 receptor expression and positively associated 
with CB2 receptor levels [20].

Increased GPR55 levels and increased CB2 receptor levels were found in the 
hippocampi of homozygous mice and associated with anxiety-like responses dis-
played by the mice, perhaps in compensation [20].

Certainly, there is some evidence that CB1 receptor-dependent effects of canna-
binoids may be involved in upstream events that might affect intracellular oxidative 
pathways, for example, activation of CB1 receptors may be able to inhibit glutamate 
toxicity by countering its hyperpolarizing activity [107]. If we consider that gluta-
mate excitotoxicity is one of the factors that may be involved in pathophysiology of 
AD, then the ability to modulate CB1 receptors via phytocannabinoids and related 
substances may be important therapeutically.

Several studies support the notion that upregulation of CB2 receptors is a protec-
tive mechanism to limit inflammation and clear amyloid plaques from the brain 
[22]. In a mice experiment using the 5XFAD model of AD, increased CB2 receptor 
levels were found in areas of intense inflammation and amyloid deposits, including 
in the cortex, hippocampus, brainstem, and thalamus [108]. An in vitro experiment 
demonstrated that CB2 receptor activation facilitated removal of Aβ from frozen 
human tissue specimens (of people who had AD), and in an animal model of AD, a 
CB2 receptor agonist induced Aβ clearance, but how CB2 receptors decrease Aβ 
plaques is not well understood [22].

 Evidence of ECS Involvement in AD: Experiments with Cannabinoid 
Receptor Agonists
Evidence for involvement of cannabinoid receptors in AD pathology is also found 
in animal studies investigating the effects of cannabinoid receptor agonists. For 
example, a mice study found that chronic infusion of a CB1 agonist was able to 
protect neurons and reduce the cognitive impairment in a mice model of AD [109]. 
In another study using a genetic mice model of AD, a CB2 receptor agonist was able 
to improve cognition, and this was associated with decreased microglial reactivity 
and reduced levels of proinflammatory cytokines (IL-1β, IL-6, TNF-α, and IFN-γ). 
The CB2 receptor agonist was also able to reduce the expression of active p38 and 
SAPK/JNK, increase the expression of inactive GSK-3β, and decrease tau hyper-
phosphorylation near the amyloid-β plaques [110].

Enhancement of endocannabinoids via cannabinoid receptor agonists has been 
found to have several effects on Aβ including increasing Aβ clearance across the 
blood-brain barrier (i.e., from the brain to periphery) by increasing Aβ transport 
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protein levels for cellular expulsion. Endocannabinoids, via the CB1 receptor, may 
activate PPARγ receptors which stimulate expression of the Aβ transport pro-
tein [22].

 Human Studies: Evidence of ECS Involvement 
in Alzheimer’s Disease

There have been several postmortem studies examining the brains of people who 
had AD in comparison with brains of those without AD (see Berry et al. [100]). In 
one such study, a reduction in CB1 expression was found in the PFC of AD patient 
brains (Brodmann 10 area), but these did not correlate with any AD molecular 
marker or cognitive impairment (though it did correlate with hypophagia) [111]. 
However, in these AD patient brains, the level of CB2 receptors was significantly 
(40%) higher than controls, and levels of CB2 receptors correlated with two AD 
markers, Aβ42 and senile plaque score (though not cognitive status). They also found 
increased expression of the glial marker, glial fibrillar acidic protein, in AD patient 
brains [111]. Yet not all studies have found changes in CB1 receptors associated 
with AD.  Postmortem examination of brains of AD sufferers conducted by one 
group did not find changes in CB1 receptor density which was not altered within the 
vicinity of senile plaques [53].

Other postmortem studies have found CB2 receptors and FAAH are overex-
pressed in cells associated with Aβ-neuritic plaques and FAAH activity is increased 
in and around Aβ42 plaques [22]. The first study to demonstrate the presence of CB2 
receptors in the human CNS, published in 2003, was a study comparing AD brains 
and normal healthy brains [53]. They found that CB2 receptors were selectively 
upregulated in microglia associated with neuritic plaques in brains of people with 
AD (though CB1 receptor density was not altered within the vicinity of these senile 
plaques) and that FAAH protein and activity were upregulated in reactive astrocytes 
but not in microglia [53].

 Positron-Emission Tomography Studies in Humans
A study which used positron-emission tomography to assess CB1 receptor density 
in AD patients did not find any difference in CB1 receptor availability between AD 
patients and healthy normal people. There was no correlation between CB1 receptor 
availability and neuropsychological test scores, and CB1 receptor availability was 
not modulated by ApoE genotype. No correlation was found between Aβ plaque 
deposition and CB1 receptors in those with AD either [112]. As explained by Bedse 
and colleagues, despite a lack of change in CB1 receptors, it may be the coupling 
between the CB1 receptor and Gi protein that might underlie reduced CB1 receptor 
signaling, and indeed CB1 activity appears to change with the stage of AD, with 
higher activity in some hippocampal regions and internal layers of the frontal cortex 
in early AD stages and decreased CB1 activity found in later stages. The increase in 
CB1 receptor activity in early AD might reflect a neuroprotective action in response 
to early neuronal damage [22].
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 Medicinal Cannabis for Treatment of Alzheimer’s Disease

There is evidence to indicate that several of the components of medicinal cannabis 
such as cannabidiol (CBD) may address the underlying pathophysiology of AD 
[33]. Medicinal cannabis also has the potential to alleviate many of the neuropsychi-
atric or behavioral symptoms/signs associated with AD including anxiety, depres-
sion, psychosis, agitation, aggressive behavior, insomnia, restlessness, memory 
decline, and pain.

There is a US patent on cannabinoids (this includes CBD, THC from the plant, 
and synthetic analogues and metabolites) by researchers in the US Government 
Department of Health and Human Services in relation to their role as antioxidants 
and neuroprotectants which lists Alzheimer’s disease among many others in relation 
(US Patent No. 6630507 B1: Cannabinoids as Antioxidants and Neuroprotectants, 
7 October 2003).

In this section, we will firstly look at evidence of efficacy of synthetic cannabi-
noid agonists in the treatment of AD, and then look at how various constituents of 
cannabis might address the neuropsychiatric symptoms/signs of AD.  We will 
explore potential mechanisms of action of CBD and THC in the treatment of AD, 
and preclinical and clinical evidence of efficacy of key cannabinoids. Finally, we 
shall discuss the scientific evidence that indicates potential roles for terpenes, ole-
amide, N-Palmitoylethanolamide and Omega 3 polyunsaturated fatty acids in 
addressing the pathophysiology of AD.

 Synthetic Cannabinoid Agonists in Treatment 
of Alzheimer’s Disease

It’s worth noting that there have been many animal studies investigating the poten-
tial neuroprotective properties of synthetic CB1 and CB2 agonists in AD [113]. 
Studies of synthetic agonists of cannabinoid receptors in animal models of AD are 
perhaps largely driven by a pharmaceutical model which seeks to find a patentable, 
efficacious compound. Findings of such studies can only be directly applicable to 
those studied synthetic compounds, but nonetheless they provide some indirect evi-
dence as to how some of the phytocannabinoids might be working too (given that 
THC is a partial agonist of cannabinoid receptors).

For example:

• In Aβ-injected rats and mice, CB1 agonists, CB2 agonists, and CB1/CB2 recep-
tor agonists have been found to prevent memory deficits via neuroprotective 
actions [113–117].

• Chronic treatment with WIN55,212-2 (synthetic CB1/CB2 receptor agonist) in a 
transgenic mouse model of brain amyloidosis prevented neuroinflammation, 
lowered β-amyloid levels, reduced COX-2 and TNF-α mRNA expression (both 
of which were raised), and improved cognitive performance [118].

 Medicinal Cannabis for Treatment of Alzheimer’s Disease



420

However, the effect of CB1 agonists is not always positive, and it is possible that 
CB1 agonists may worsen AD by inhibiting acetylcholine release within the brain 
[22, 119].

Activation of CB2 receptors has been shown to reduce microglia activity and pro-
duction of inflammatory cytokines, and in an animal model of AD, a CB2 agonist was 
found to induce Aβ clearance [22, 104]. In another genetic transgenic mice model of 
AD, a specific CB2 receptor agonist (JWH-133) improved cognition, and the effect 
was stronger when administered at the presymptomatic stage compared with early 
symptomatic stage. Improved cognition was associated with reduced microglial reac-
tivity and reduced levels of proinflammatory cytokines (IL-1β, IL-6, TNF-α, and IFN-
γ). CB2 agonist treatment was also associated with reduced expression of active p38 
and SAPK/JNK and reduced tau hyperphosphorylation near the amyloid-β plaques. 
However, chronic treatment did not alter the Aβ production or deposition in the cortex 
and hippocampus. The authors concluded that their results support the idea that stimu-
lation of CB2 receptors ameliorates several parameters associated with AD including 
neuroinflammation, oxidative stress damage and responses, tau hyperphosphorylation 
around plaques, and impairment in memory and learning [110]. This study also indi-
cates that the initiation of earlier treatment may be more efficacious.

For a summary of the research into the efficacy of synthetic CB1 and CB2 recep-
tor agonists in animal models of AD, see Aso and Ferrer [113].

 Cannabis Constituents and Target Symptom Treatment

Table 9.1 sets out potentially beneficial components of cannabis for various target 
symptoms of AD based on pharmacology [4, 120].

 Mechanisms of Action of CBD in Alzheimer’s Disease

There are several potential mechanisms of action by which CBD might address the 
pathological changes associated with AD, as well as addressing some of the 

Table 9.1 Cannabis constituents and potential target symptoms of Alzheimer’s diseasea

Neuropsychiatric symptom Component of cannabis
Agitation CBD, THC, linalool
Aggression CBD, THC, linalool
Anxiety CBD, THC (low dose), linalool
Depression CBD, THC, limonene
Psychosis CBD
Insomnia/restlessness THC, linalool
Pain THC, CBD
Memory Alpha pinene + THC
Anorexia THC
Neuroprotection CBD, THC
Reduced Aβ plaque formation CBD, THC, THCA

aBased on pharmacology [4, 120]
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neuropsychiatric symptoms and signs, gleaned from in vitro and in vivo studies. 
These are set out in Table 9.2 (summarized from Watt and Karl [139] in particular 
and Dash et al. [33]).

 CBD Is Protective Against Neuroinflammation and Oxidative Stress
CBD has been found to be protective against neuroinflammation in several few 
ways which may be relevant to AD. There is evidence that CBD can reduce neuro-
inflammation by reducing oxidative stress and producing anti-inflammatory sub-
stances and regulating proinflammatory responses [33, 140, 141]. Oxidative stress 

Table 9.2 Potential mechanisms of action of CBD in Alzheimer’s disease

Action References
Protecting against neuroinflammation and oxidative stress, increasing 
cell survival, and decreasing ROS production and lipid peroxidation

Mukhopadhyay et al. 
[121]; Iuvone et al. [97]

Regulating microglial cell migration Walter et al. [122]
Decreasing microglial activation and reducing reactive gliosis Martin-Moreno et al. 

[116]; Esposito et al. 
[123]

Protecting against calcium-induced protein misfolding; regulating 
proteostasis

Dash et al. [33]

Reducing Aβ production by inducing APP ubiquitination Scuderi et al. [124]
Preventing expression of proteins potentially involved in Aβ 
production and tau phosphorylation in mesenchymal stem cell; 
downregulating genes linked to AD including genes coding for 
kinases responsible of tau phosphorylation and for secretases involved 
in Aβ generation

Libro et al. [125]

Inhibiting tau hyperphosphorylation in neuronal cells Esposito et al. [126]
Protecting against Aβ-mediated neurotoxicity and microglial-activated 
neurotoxicity

Janefjord et al. [104]

Inhibiting cell death, inducing degradation, and removal of preformed 
Aβ aggregation

Schubert et al. [127]

Reducing Aβ-induced neuroinflammatory response by decreasing 
expression of proinflammatory gene and proinflammatory mediators

Esposito et al. [128]

Antioxidant activity (potent lipophilic antioxidant) Marsicano et al. [107]; 
Kim et al. [129]

Reducing apoptosis and therefore improving cell survival; improving 
cell viability

Scuderi et al. [124]; 
Harvey et al. [103]

Preventing cortical and hippocampal neurodegeneration Hamelink et al. [130]
Preventing neurite degeneration induced by Aβ1–42 in human 
SH-SY5Y neuronal cells and regulating CB1-pSTAT3 signaling for 
neurite outgrowth

Wang et al. [131]

Promoting neurogenesis and facilitating synaptic plasticity Campos et al. [132]; 
Esposito et al. [123]; 
Campos et al. [133]

Improving cognition Farr et al. [134]
Improving memory Coles [135]; Cheng et al. 

[136]; Cheng et al. [137]
Attenuates ceramide synthesis, stimulates sphingosine-1-phosphate (a 
major regulator of vascular and immune systems)

Bielawiec et al. [138]

Watt and Karl [139], Dash et al. [33]
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is involved in the pathogenesis of many different neurological disorders, not just 
AD, including Parkinson’s disease, Huntington’s disease, and amyotrophic lateral 
sclerosis [129].

In one study in glia, under lipopolysaccharide stimulation, CBD inhibited the 
release of TNF-α and IL-1β (proinflammatory cytokines) and glutamate (a non- 
cytokine inflammation mediator), and these effects of CBD were mostly receptor- 
independent (only slightly blunted by CB2 receptor blockade). CBD inhibited a 
mechanism involving NADPH oxidase-mediated ROS production and NF-κB- 
dependent signaling events. CBD was also found to prevent the increased glucose 
uptake in microglial cells challenged with LPS, and this ability to prevent glucose 
uptake contributed to its anti-inflammatory actions. CBD reduced glucose-derived 
NAPDH, which is a cofactor necessary for NADPH oxidase activation and genera-
tion of ROS.  The authors concluded that these findings suggest CBD’s anti- 
inflammatory actions toward microglia are mediated via an intrinsic antioxidant 
effect and this effect is increased through inhibition of glucose-dependent NADPH 
synthesis [141].

Another potential mechanism by which CBD may help reduce neuroinflamma-
tion is by its action in blocking the orphan G-protein receptor 55 (GPR55). CBD 
antagonizes GPR55 [142]. GPR55 is expressed in microglial cells and plays a role 
in different aspects of neuroinflammation, reported in different models [48]. GPR55 
appears to be involved in the arachidonic acid (AA) cascade in activated microglia. 
A study which used a synthetic GPR55 antagonist found that in rat microglia, it 
reduced neuroinflammatory parameters by inhibiting the prostaglandin E2 (PGE2)/
cyclooxygenase-2 pathway [48]. Although this study was in a novel GPR55 recep-
tor antagonist KIT 10, we do know that CBD can block GPR55. Further research 
may elucidate whether CBD might act via a similar mechanism of action.

In a very recent study, CBD was shown to have neuroprotective effects in vitro in 
rat pup hippocampal neurons, protecting them against the oxidative stress of hydro-
gen peroxide. Hydrogen peroxide is a trigger for oxidative stress-induced apoptosis 
[129]. This is important research because of the crucial role of hippocampal neurons 
in regulating cognition, normal behavior, and epilepsy as well as dysfunctional 
behavior [143]. Previous research has demonstrated its cytoprotective effects against 
cerebellar granular cells and oligodendrocyte progenitor cells [107, 144], but this 
study is the first in neurons more relevant to brain functioning and behavioral impli-
cations [129].

CBD was demonstrated to have higher neuroprotective efficacy than vitamin E 
and vitamin C in a glutamate neurotoxicity model [145]. CBD was found to be pro-
tective against Aβ-induced neurotoxicity, reducing the death of neuron-like pheo-
chromocytoma PC12 cells (in rats) against Aβ plaques from 39% to 12%, as well as 
decreasing ROS, lipid peroxidation, intracellular calcium, DNA fragmentation, and 
caspase-3 levels (caspase-3 is a key enzyme in the apoptosis cell-signaling cas-
cade) [97].

CBD has been found to reduce many different inflammatory cytokines including 
IL-1β, IFN-β, TNF-α, IFN-γ, IL-6, IL-17, NO, and COX-2 by activating PPAR-γ 
while increasing IL-4 and IL-10 (anti-inflammatory cytokines [33, 146]. CBD can 
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enhance innate and adaptive immune responses in chronic inflammation, demon-
strated in an animal study [147]. CBD can also inhibit the ROS-NF-κB pathway, 
and thereby lower glucose uptake in microglia (which is required for their activa-
tion) [141]. In addition, several GPCRs (e.g., CB1R, CB2R, GPR18, GPR55, and 
others) are modulated by CBD (see Dash et al. [33]).

CBD’s neuroprotective actions against neuroinflammation are many, and several 
are included in Table 9.3 (summarized in the main from Dash et al. [33]).

 CBD, Regulation of Proteostasis, and Induction of Autophagy
As explained earlier, proteostasis is the homeostasis network that regulates the cel-
lular proteome (the set of proteins expressed by the cell). Clearance systems become 
activated via signaling pathways which respond to misfolded protein and protein 
aggregations, and aggregates are degraded proteolytically via the ubiquitin- 
proteasome system (UPS; a target-specific system within the nucleus and cyto-
plasm) and autophagy (a nonselective system within the cytoplasm). CBD has been 
shown to induce autophagy in several studies, via regulating different pathways 

Table 9.3 Neuroprotective mechanisms of action of CBD

Action References
Activates peroxisome proliferator-activated receptor gamma (PPAR-γ) 
which represses NF-κB signalinga

Necela et al. [148]

Reduces several different proinflammatory cytokines (IL-1β, IFN-β, 
TNF-α, INF-γ, IK-6, IL-17, COX-2) via activation of PPAR-γ as well as 
increase anti-inflammatory cytokines IL-4 and IL-10 and decrease iNOS 
expression

Rajan et al. [146]; 
Kozela et al. [149]

Suppresses the immune system response: improves the innate and adaptive 
immune responses

Lee et al. [147]

Suppresses microglial cell activation by regulating Th17 proliferation and 
STAT1/STAYT3 balance

Juknat et al. [150]

Upregulates of CD4+ and CD25- T cells Kozela et al. [149]
Inhibits Aβ-induced tau protein hyperphosphorylation (through Wnt/β- -
catenin pathway)

Esposito et al. 
[126]

Inhibits p38 phosphorylation which reduces neurotoxic effects associated 
with uncontrolled immune reactions

Esposito et al. 
[151]

Inhibits inducible nitric oxide synthase protein expression and nitric oxide 
production in β-amyloid-stimulated PC12 neurons through p38MAP kinase 
and NF-κB involvement

Esposito et al. 
[151]

Upregulates brain-derived neurotropic factor (BDNF)b which has been 
found to correlate with anti-inflammatory actions of CBD (evidenced by 
decreased TNF-α and IL-6 levels in the prefrontal cortex and hippocampus)

Campos et al. 
[152]

Has potent lipophilic antioxidant activity Marsicano et al. 
[107]; Kim et al. 
[129]

Blocks Aβ-induced neurite degeneration through a CB1-mediated 
mechanism, regulating the CB1-pSTAT3 signaling for neurite outgrowth

Wang et al. [131]

aNF-κB plays a key role in promoting the inflammatory cascade by upregulating cytokines in acti-
vated astrocytes and microglia [153]
bBDNF has a key role in neuronal development, neuronal survival, synaptic plasticity, and cogni-
tive function [33]
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including inhibiting AKT and mTOR and downregulating the JNK MAPK pathway 
and promoting neuroprotection by inhibiting JNK and p38 MAP kinases [33]. CBD 
modulation of mTOR depends on cell type and cell state [154]. In a model of 
Parkinson’s disease, CBD promoted ERK activation with interactions of CB2 recep-
tors and TRPV1 leading to enhanced autophagy [64].

As explained by Dash and colleagues [33], calcium ion balance is important in 
ensuring correct protein formation. An imbalance of Ca2+ disrupts protein confor-
mation, with excessive intracellular Ca2+ inducing oxidative stress, leading to pro-
tein aggregation and ultimately cell death. ROS or reactive nitric species (RNS) can 
modify misfolded proteins and make them more oxidized and prone to aggregation, 
and aggregated forms inhibit the proteosomal system, resulting in increased accu-
mulation of aggregated protein. Interaction of protein aggregates with particular 
receptors can lead to upregulated NMDA receptors (ionotropic glutamate receptors 
involved in Ca2+, Na + , and K regulation within the cytoplasm) and thereby excess 
Ca2+ influx and subsequent neuronal apoptosis. In addition, due to ongoing hyper-
polarization and activation of NMDA receptors, G-protein-coupled receptors 
(GPCRs) and voltage-gated calcium channels (VGCC) increase Ca2+ influx (impli-
cated in neurodegeneration), and excess Ca2+ adversely affects calcineurin and 
CaMKII pathways which have been found to lead to memory deficits and depres-
sion in AD [33].

CBD can protect against calcium-induced protein misfolding through several 
mechanisms that impact calcium dynamics at synapses. These include acting as an 
antagonist to block excitatory glutamate release, indirectly regulating glutamate 
secretion by 5-HT1A receptors, inhibiting the interaction between σ1R and NMDAR 
(opposite effect of NMDAR overactivity), and acting as a TRPV1 agonist and 
VGCC antagonist to regulate intracellular calcium levels (see Dash et al. [33]).

 CBD Prevents Tau Hyperphosphorylation
CBD was also found to reduce tau hyperphosphorylation in Aβ-stimulated neuronal 
cells, via the Wnt/β-catenin pathway—Wnt activation inhibits tau protein kinase 
(GSK-3β) which causes the tau hyperphosphorylation and neurofibrillary tangles in 
AD [22, 126].

 CBD Prevents Neurite Degeneration Induced by Aβ
In very recent research, CBD was shown to prevent neurite lesions induced by 
Aβ1–42 in human SH-SY5Y cells, and also increase FAAH and CB1 receptor expres-
sion. In hippocampal neurons, CBD was found to protect against reduction of den-
dritic spine density and rescue the activity of synaptic Ca2+/calmodulin-dependent 
protein kinase II from Aβ1–42 toxicity. A substudy in a particular strain of the worm 
C. elegans which is bred to overexpress Aβ, CBD was found to block Aβ-induced 
neurite degeneration through a CB1-mediated mechanism, regulating the CB1- 
pSTAT3 signaling for neurite outgrowth, thereby increasing the health and lifespan 
in these worms [131]. Such research again demonstrates the neuroprotective 
action of CBD.
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 Mechanisms of Action of THC in Alzheimer’s Disease

Numerous lines of evidence indicate that THC may be a therapeutic treatment strat-
egy for AD with several functions and acting through several pathways [155]. THC 
has been found to have several actions relevant to AD pathogenesis including the 
following, set out in Table 9.4.

It is worth noting a key finding from the last study in Table 9.4 [157]: THC dos-
ing in adult rats, where low doses were used, was associated with increased cogni-
tive functioning, contrary to other studies that found THC to be associated with 
cognitive impairment [157, 159]. It is known that the CB1 receptor is involved in 
adult neurogenesis as well as cognitive functions and that both CB1 and CB2 recep-
tors modulate brain plasticity [157, 159]. Given that THC is a partial agonist at CB1 
and CB2 receptors, and low doses of THC were used, this may help explain this 
seemingly beneficial action. We know from previous chapters that the effects of 
THC can differ depending on dose (e.g., anxiolytic at low doses but anxiogenic at 
higher doses).

If you recall in Chap. 4, we also learned of an experiment in mice in which THC 
was found to restore hippocampal gene transcription patterns such that the expres-
sion profiles of 12-month-old mice treated with THC were similar to mice aged 

Table 9.4 Mechanisms of action of THC on AD pathophysiology

Action References
Significantly reducing fibril and aggregate formation Janefjord 

et al. [104]
Lowering Aβ levels in vitro at very low concentrations, directly interacting with 
Aβ peptide and inhibiting aggregation

Cao et al. 
[155]

Lowering GSK-3β levels (tau protein kinase, responsible for tau 
hyperphosphorylation) and phosphorylated GSK-3β in a dose-dependent manner 
at low concentrations

Cao et al. 
[155]

Low doses of THC enhanced mitochondria function and did not inhibit 
melatonin’s enhancement of mitochondrial function. No toxicity was found and 
CB1 receptors were not upregulated

Cao et al. 
[155]

Competitively inhibiting acetylcholinesterase (AChE) and preventing AChE- 
induced Aβ peptide aggregation by binding to the peripheral anionic site of 
AChE (critical region involved in amyloid genesis). THC was found to be 
superior to current AD drugs in inhibiting Aβ aggregation

Eubanks 
et al. [156]

Low doses of THC administered intraperitoneally induce adult neurogenesis in 
the hippocampus (evidenced by several markers including nestin), and this was 
associated with improved cognitive performance in rats. Improvements in 
learning and memory functions were accompanied by upregulation of plasticity 
markers, doublecortin (DCX) and BDNF

Suliman 
et al. [157]

Has been shown to be a potent lipophilic antioxidant (and oxidative stress is a 
major part of the pathogenesis of AD)

Marsicano 
et al. [107]

Chronic low-dose THC reversed age-related decline in cognitive function in 
mice aged 12 and 18 months

Bilkei-Gorzo 
et al. [158]
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2  months (not treated with THC). Transcripts which were upregulated included 
transthyretin (gene believed to be protective against AD), BDNF (enhances synapse 
formation and cognitive functions), and Klotho (Kl) (which extends lifespan in dif-
ferent species and improves cognition). Transcripts which were downregulated after 
THC treatment were genes associated with aging: caspase-1 (involved in age- related 
impairments in cognition) and connective tissue growth factor (Ctgf) (which 
enhances the pro-apoptotic activity of transforming growth factor-β [158].

 Preclinical Evidence of Efficacy of Cannabinoids in Treating AD

Animal studies indicate that CBD and combinations of CBD and THC may be use-
ful in treatment of some of the symptoms/signs associated with AD.

 Cannabidiol
A small number of animal studies have shown CBD may be useful in addressing 
some of the neuropsychiatric symptoms associated with AD.  For example, mice 
studies have demonstrated CBD can prevent social recognition memory deficits 
[136], improve social recognition and object recognition [137], and reduce anxi-
ety [160].

• Long-term (8 months) treatment of transgenic mice bred to express signs and 
symptoms of AD with CBD at a dose of 20 mg/kg from 2.5 months of age pre-
vented the social recognition deficit that develops in such mice, though there was 
no impact on anxiety or associative learning. The prevention of social recogni-
tion defect by CBD was not associated with any changes in amyloid load or 
oxidative damage; however, there were some subtle changes in neuroinflamma-
tion found [136].

• In a transgenic mouse model of AD, chronic treatment with CBD (20 mg/kg for 
3 weeks via intraperitoneal injection) was found to reverse cognitive impairment 
(deficits in social recognition, novel object recognition) suggesting promise as a 
therapy for specific cognitive impairments in AD [137].

 Efficacy of CBD and THC Combinations in Treating 
Alzheimer’s Disease
There is a growing body of evidence investigating the combination of CBD and 
THC for neurodegenerative diseases [161–164], and results look promising.

Research that compares CBD or THC alone with the combination of CBD and 
THC helps tease out whether there is an added advantage of combining the two. At 
least one study has done so in a mice model of AD [162]. In this study, using a 
transgenic AD mice model, several benefits of the combination of CBD and THC 
above the single cannabinoids were found. All three preserved memory when 
chronically administered during the early symptomatic stage in this mice AD model, 
and the combination reduced learning impairment. They also found a significant 
reduction in soluble Aβ42 peptide levels and changes in plaque composition in the 
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combination (CBD plus THC) treatment mice (Aβ42 peptide is thought to be the 
most toxic form of the Aβ peptide). The redox protein thioredoxin 2 and the signal-
ing protein Wnt16 were found to be important substrates for the effects associated 
with the combination of CBD plus THC. Treated mice had reduced microgliosis and 
astrogliosis and inflammatory molecules, and this effect was greater with the com-
bination of CBD and THC compared with either cannabinoid alone [162]. This led 
the study authors to conclude that the combination of CBD and THC had a better 
therapeutic profile than either alone [162].

That previous experiment used a model of early-stage AD [162]. In another experi-
ment, this time in a transgenic mouse model of late AD, botanical phytocannabinoid 
extracts of a combination of CBD and THC were still effective in reducing memory 
impairment but were not effective in modifying the Aβ processing or reducing the 
glial reactivity associated with the Aβ deposition (unlike in the previous model of 
early-stage AD). The study also found that natural phytocannabinoids did not affect 
cognitive impairment associated in healthy aging in normal (wild- type) mice. The 
mechanism of action of the combination of CBD and THC in the aged mice involved 
reductions in GluR2/3 levels and increased GABA-A Rα1 levels [163]. These two 
experiments suggest that early intervention with phytocannabinoids is going to be 
better than intervention when the disease process is well underway; however, treat-
ment in this late-stage AD model still showed a positive effect on memory.

Other animal studies in neuroinflammatory disease models of multiple sclerosis 
have shown that THC combined with CBD could suppress mi-RNA-mediated neu-
roinflammation, reduce CD4+ T cell proliferation, reduce several proinflammatory 
cytokines (e.g., IL-6, IL-17, TNF-α, and several others), and enhance several anti- 
inflammatory chemicals (including IL-4, IL-10, TGF-β, and others) [161, 164]. In a 
mouse model of MS (experimental autoimmune encephalomyelitis), the combina-
tion of THC and CBD reduced neuroinflammation, and led to changes in the gut 
microbiome and the metabolome, and what was interesting was that fecal transfer 
of THC plus CBD-altered microbiome reduced the experimental autoimmune 
encephalomyelitis disease severity [161].

Research into Sativex (almost 1:1 ratio of CBD to THC) tested in a “parkin-null, 
human tau-overexpressing” mouse model of complex frontotemporal dementia, 
Parkinsonism, and lower motor neuron disease found that Sativex was able to atten-
uate the neurological deficits and abnormal behaviors of the mice. In these specially 
bred mice, compared with a placebo treatment, Sativex reduced abnormal behavior 
related to stress, reduced aggression, reduced intraneuronal MAO-related free radi-
cals produced during dopamine metabolism in the limbic system, decreased gliosis 
in the hippocampus and cortex, increased the ratio of reduced to oxidized glutathi-
one in the limbic system, decreased inducible NOS levels, and increased complex 
IV levels in the cerebral cortex, as well as decreasing deposition of amyloid and tau 
in the hippocampus and cerebral cortex and increasing autophagy [165].

Thus, you can see that there is a growing bank of evidence that the combination 
of CBD and THC may be valuable. We would add that it will be important to assess 
full-spectrum CBD/THC combinations that include other plant nutrients (not just 
THC isolates plus CBD isolates).
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 Clinical Evidence of Efficacy of Cannabinoids in Treatment 
of Alzheimer’s Disease

 Cannabidiol for Treatment of AD
There is a lack of human studies investigating the efficacy of full-spectrum CBD- 
only (i.e., very low THC) in the treatment of AD, despite all the promising preclini-
cal evidence that it addresses many of the pathways involved in its pathogenesis.

Although only in healthy patients, a recent study demonstrated that CBD may 
increase cerebral blood flow in the hippocampus. In a randomized crossover, 
double- blind study, 15 healthy people were administered 600 mg oral CBD (or pla-
cebo), and regional cerebral blood flow was measured 3 h after ingestion. The study 
also assessed working memory and episodic memory. The study found that CBD 
increased cerebral blood flow in the hippocampus (this was statistically significant). 
There were no differences between CBD and placebo in terms of memory task per-
formance, but there was a greater CBD-induced increase in orbitofrontal cerebral 
blood flow which was significantly correlated with reduced reaction time in one of 
the tasks (two-back working memory task). Overall, the study indicates that CBD 
increases cerebral blood flow to key brain regions involved in memory, in particular 
the hippocampus, and this may well be relevant to diseases such as AD [166]. This 
study needs to be repeated in AD patients in the future.

 Tetrahydrocannabinol for Treatment of Dementia Including AD
The clinical research into THC is much greater than for CBD, and much of this 
relates to synthetic THC for obvious reasons (money). Several clinical studies sup-
port the contention that THC may have a promising role to play in the management 
of many of the neuropsychiatric symptoms and signs associated with dementia.

Table 9.5 sets out several of the studies that have examined the efficacy of THC, 
with most of these studies in synthetic forms of THC (e.g., dronabinol, Namisol, 
nabilone) and only one in a plant-based oil [170]. Many of these studies include 
patients with Alzheimer’s disease as well as vascular dementia or mixed forms of 
dementia.

From these studies we can see evidence of efficacy in treatment of several symp-
toms or signs listed below:

• Overall functioning
• Agitation
• Aggressive and disturbed behavior
• Irritability
• Sleep
• Nocturnal motor activity
• Appetite disturbances
• Body weight
• Rigidity
• Delusions
• Apathy
• Caregiver distress
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See Table 9.5 for details. Not all studies found positive results, for example, Van 
den Elsen et al. [168] and Van den Elsen et al. [169].

 Combinations of Cannabidiol and Tetrahydrocannabinol 
for Treatment of AD
There are a few clinical trials underway investigating combinations of CBD and 
THC on dementia (e.g., Timler et al. [174]) and one published study to date (Broers 
et al. [173], set out in Table 9.5). This small study in ten women with severe demen-
tia and behavioral problems found significant improvements in behavior and rigid-
ity (the latter making daily care and transfers much easier for staff), with study 
results indicating the combination of CBD and THC was well tolerated (over half 
the patients were able to decrease or stop other psychotropic medications) [173].

Anecdotal evidence comes from observations of experienced cannabis clinician 
Dr. Jeff Hergenrather MD of dementia patients living in a California nursing home, 
where patients were treated with several types of cannabis products (THC predomi-
nant, CBD predominant, and THCA, mostly as tinctures or confections). The treat-
ing doctors found the following benefits: decreased agitation, increased appetite, 

Table 9.5 Clinical studies of efficacy of THC in alleviating neuropsychiatric symptoms of 
dementia

Reference
Study type, participants, 
medication Outcome variables Results

Herrmann 
et al. [31]

Study type: 14-week RCT 
double-blind crossover 
trial, 6 weeks each with 
1-week washout period 
between
Participants: n = 39 
patients with moderate- 
severe Alzheimer’s 
disease, mean age 87 
+/− 10 years, 77% male
Study medications: 
Nabilone dose 1.6 mg 
+/− 0.5 mg, placebo
No. of concomitant 
medications 12 +/− 5; no. 
of concomitant 
psychotropic medications 
1.8 +/− 0.7

Primary: agitation 
(Cohen-Mansfield 
Agitation Inventory 
[CMAI])
Secondary: NPI-NH 
total, NPI-NH caregiver 
distress, cognition 
(sMMSE & Severe 
Impairment Battery 
[SIB] or Alzheimer’s 
Disease Assessment 
Scale of Cognition 
[CGIC]) & adverse 
events

Significant improvement in 
agitation measured by CMAI
Significant improvement in 
NPI-NH total, NPI-NH 
caregiver distress, sMMSE
But in those who completed 
the SIB (n = 25), treatment 
differences were significant 
and favored placebo; no 
significant difference between 
nabilone & placebo for CGIC
More sedation with nabilone 
(45%) compared with placebo 
(16%) phases but treatment-
limiting sedation was not 
statistically significant
Occurrence of adverse effects 
was significantly greater 
during nabilone phase, with 
sedation the most common 
(n = 17 compared with n = 6 
for placebo). Sedation 
improved in 12 when dose of 
nabilone was reduced
Conclusion: nabilone may be 
effective for agitation, but 
sedation & cognition should be 
monitored closely

(continued)
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Reference
Study type, participants, 
medication Outcome variables Results

Woodward 
et al. [30]

Study type: Retrospective 
systematic chart review
Participants: 40 inpatients 
diagnosed with dementia 
and treated with dronabinol 
for behavioral or appetite 
disturbances; 28 women & 
12 men; 13 with 
Alzheimer’s disease, 7 with 
vascular dementia, 15 with 
mixed etiology dementia, 1 
with frontotemporal 
dementia, 4 with dementia 
not otherwise specified. 
Aggression, agitation, and 
poor appetite were the 
most common target 
symptoms. Mean age: not 
reported
Study medication: 
dronabinol as adjunct to 
current medication 
(average 3.25 concurrent 
psychoactive medications 
prior to augmentation with 
dronabinol); mean dose 
7.03 mg/day; mean 
duration of dronabinol 
treatment 16.88 days 
(range 4–50 days)

Group of psychiatrists 
consulted medical 
records to rate patients’ 
behaviors prior to 
initiation of dronabinol 
and following up to 
7 days of treatment
Outcome variables: 
Pittsburgh Agitation 
Scale (PAS), Clinical 
Global Impression 
(CGI), Global 
Assessment of 
Functioning

Significant decreases in all 
domains of Pittsburgh 
Agitation Scale (PAS)
Significant improvements in 
CGI scores, trend toward 
improved sleep duration (mean 
6.47 h/night before compared 
with 6.79 h/night during 
treatment, p = 0.0596, though 
no change in no. awakenings/
night) and significant increase 
in % meals consumed during 
treatment
26 adverse events reported 
during treatment, none of 
which required discontinuation 
of dronabinol: sedation (n = 9), 
delirium (n = 4), urinary tract 
infection (n = 3), confusion 
(n = 2) though relationship to 
dronabinol could not be 
assessed
Conclusion: dronabinol can 
serve as an adjunct treatment 
for neuropsychiatric symptoms 
in dementia

Van den 
Elsen et al. 
[167]

Study type: randomized, 
double-blind, crossover 
study
Study participants: n = 18 
community-dwelling 
patients (mean age 
77 years); 15 AD, 1 
vascular, 2 mixed type 
dementia
Study medication: 1.5 mg 
dronabinol twice daily 
versus placebo; each phase 
3 days followed by a 4-day 
washout period; use of 
concurrent psychotropic 
and some other 
medications allowed (but 
not opioids, tricyclic 
antidepressants)

Balance and gait 
assessed using: 
SwayStar and GAITRite 
within 2 h of 
administration under 
conditions of standing 
with eyes open and eyes 
closed, preferred speed 
walking with and 
without a cognitive dual 
task

THC significantly increased 
sway during eyes closed but 
not during eyes open. THC 
significantly increased stride 
length and trunk sway during 
preferred speed walking; no 
effects observed during dual 
task walking. No differences in 
no. and type of adverse events 
and no falls occurred during 
THC administration
Conclusion: 3 mg/day THC 
has a benign adverse event 
profile regarding mobility and 
was well tolerated

Table 9.5 (continued)
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Reference
Study type, participants, 
medication Outcome variables Results

Van den 
Elsen [168]

Study type: randomized, 
double-blind, placebo-
controlled trial
Study participants: n = 50 
patients with AD, vascular 
dementia, mixed dementia
Study medication: 1.5 mg 
Namisol (pure THC) orally 
or matched placebo 3 times 
daily for 3 weeks; n = 24 
THC, n = 26 placebo
Patients also received 
1000 mg acetaminophen 3 
times daily in case of pain 
complaints (or suspected 
pain in noncommunicative 
patients); use of concurrent 
psychotropic medication 
was allowed

Primary outcome 
variable: 
Neuropsychiatric 
Inventory (NPI) 
assessed at baseline, 
14 days, and 21 days
Others: agitation 
(Cohen-Mansfield 
Agitation Inventory), 
quality of life (Quality 
of Life-Alzheimer’s 
Disease), activities of 
daily living (Barthel 
Index)

NPS score reduced in both 
treatment groups; no 
significant difference in 
reduction from baseline 
between groups
No significant difference 
between groups in changes in 
scores for agitation, quality of 
life, or activities of daily living
Similar no. participants 
experiencing adverse events in 
each group; no effects on vital 
signs, weight, or episodic 
memory observed
Conclusion: oral THC at 
4.5 mg/day showed no benefit 
in terms of NPS but was well 
tolerated

Van den 
Elsen [169]

Study type: Randomized, 
double-blind, placebo-
controlled, repeated 
crossover trial, consisting 
of six treatment blocks of 
2 weeks each
Study participants: 22 
patients (15 men, mean age 
76.4 +/− 5.3 years with 
dementia (18 AD, 1 
vascular dementia, 3 mixed 
type)
Study medications: 0.75 
and 1.5 mg THC in tablet 
form (Namisol) twice daily

Primary outcome 
variable: change in 
Neuropsychiatric 
Inventory (NPI) score
Secondary variables: 
Cohen-Mansfield 
Agitation Inventory 
(CMAI); Zarit Burden 
Interview (ZBI) 
(assessment caregiver 
burden)

No difference in change in NPI 
associated with THC compared 
with placebo. THC was well 
tolerated. No difference 
between treatment groups in 
incidence of adverse events. 
Four non-related serious 
adverse events occurred
Conclusion: oral THC up to 
1.5 mg twice daily did not 
reduce behavioral disturbances 
in patients with dementia 
Safety assessment (assessed 
using reports of adverse events, 
vital signs, and mobility) 
showed that the intervention 
was well tolerated by this 
patient group

Table 9.5 (continued)
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Reference
Study type, participants, 
medication Outcome variables Results

Shelef et al. 
[170]

Study type: open-label 
prospective trial
Study participants: n = 10 
patients, mean age 73.2 
+/− 8.59 years (5 females, 
5 males) with moderate-
severe AD completed the 
study (1 dropped out from 
original 11 after 3 days)
Study medication: 
Medicinal cannabis oil 
containing THC as adjunct 
to pharmacotherapy, over 
4 weeks; 2.5 mg THC 
twice daily (if no adverse 
events and no/minor 
improvement after 2 days 
then dose increased to 
5 mg twice daily and after 
2 more days to the max 
dose of 7.5 mg THC twice 
daily) Minimal dose of 
2.5 mg was given to 7 
participants during the 
study with 3 needing 
higher dose
N = 8 of the study 
participants were taking 
concurrent antipsychotic 
medications and 4 were 
taking anticholinesterase 
inhibitors.
Concurrent medication was 
allowed and was kept 
unchanged for at least 
1 week pre-study

Neuropsychiatric 
Inventory Scale (NPI), 
Mini-Mental State 
Examination (MMSE) 
scale, Clinical Global 
Impression 
Improvement (CGI-I) 
scale, Clinician Global 
Impression Severity 
(CGI-S) scale

Significant reduction in CGI 
severity score (6.5–5.7, 
p < 0.01) and NPI score 
(44.4–12.8, p < 0.01). NPI 
domains which significantly 
decreased were delusions, 
agitation/aggression, 
irritability, apathy, sleep, and 
caregiver distress
One of the original 11 
participants discontinued after 
3 days due to dysphagia 
(probably not related to med 
cannabis oil); 1 participant 
became more confused with 
5 mg/day bid—when dose 
decreased to 2.5 mg bid, 
confusion improved; another 
patient had recurrent falls prior 
to study admission and fell 
during the study, breaking his 
pelvis
Conclusion: Medicinal 
cannabis oil is safe to add to 
AD patients’ pharmacotherapy

Table 9.5 (continued)
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Reference
Study type, participants, 
medication Outcome variables Results

Volicer et al. 
[171]

Study type: placebo-
controlled double-blind, 
crossover trial, each 
treatment period lasted 
6 weeks
Study participants: n = 15 
patients with diagnosis of 
probable AD; final data 
analysis completed on 
n = 11; average age 72.7 
+/− 4.9 years, 11 males 
and 1 female
Study medication: 
dronabinol 2.5 mg as 
capsule or identical 
placebo twice daily
Concurrent psychoactive 
medication was maintained 
during study

Body weight, BMI;
Mini-Mental State 
Examination (MMSE), 
Katz Activity of Daily 
Living scale (Katz 
ADL), Bedford 
Alzheimer Nursing 
Scale-Severity 
(BANS-S)

Body weight of participants 
increased more during the 
dronabinol treatment compared 
with placebo phase
Dronabinol treatment was 
associated with decreased 
severity of disturbed behavior, 
and this effect persisted during 
the placebo period in those 
who received dronabinol first
Adverse reactions were more 
common in dronabinol phase 
and included euphoria, 
somnolence, and tiredness, but 
discontinuation was not 
necessary
3 patients discontinued the 
study (1 had grand mal seizure, 
2 developed serious 
intercurrent infections). 
Another died of a heart attack 
during the study

Walther 
et al. [172]

Study type: open-label 
pilot study
Study participants: n = 6 
patients, mean age 
81.5 years (4 women, 2 
men) with late-stage 
dementia (5 with AD, 1 
with vascular dementia)
Study medication: 
dronabinol 2.5 mg daily for 
2 weeks

Primary outcome 
variable: nocturnal 
motor activity as 
measured by actigraphy
Secondary variables:
Neuropsychiatric 
Inventory (NPI) and 
NPI subscores for 
nighttime behaviors, 
delusions, hallucinations

Compared to baseline: 
dronabinol led to a significant 
reduction in nocturnal motor 
activity; NPI score improved 
significantly; NPI subscores 
for agitation, aberrant motor, 
and nighttime behaviors 
significantly improved
Appetite disturbances and 
irritability were significantly 
reduced, and there was a 
nonsignificant reduction in 
anxiety
Conclusion: dronabinol is able 
to reduce nocturnal motor 
activity and agitation in 
severely demented patients

Table 9.5 (continued)

(continued)
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Reference
Study type, participants, 
medication Outcome variables Results

Broers et al. 
[173]

Study type: prospective 
observational study
Study participants: n = 10 
female patients with 
dementia and severe 
behavioral problems, 
average age 79.5 years
Study medication: oral 
medication combination 
CBD/THC oil; average 
7.6 mg THC/13.2 mg CBD 
daily after 2 weeks; 8.8 mg 
THC/`7.6 mg CBD after 
1 month; 9.0 mg 
THC/18.0 mg CBD after 
2 months

Neuropsychiatric 
Inventory (NPI), 
Cohen-Mansfield 
Agitation Inventory 
(CMAI) score, Unified 
Parkinson Disease 
Rating Scale (partic 
Item 22 degree of 
rigidity with passive 
movements), Barthel 
Index for daily 
activities, visual 
analogue scale (0–10) 
for most invalidating or 
disturbing behavior 
(determined by staff), 
VAS (0–10) for most 
invalidating daily 
activity (determined by 
staff)

Study started with cannabis 
tincture (containing alcohol), 
but 3 patients got mouth ulcers 
so swapped to cannabis oil 
given with a small piece of 
chocolate cake
No patients stopped study 
medication due to side effects
Average NPI score decreased 
by 40% (from 71.1 to 38.3) 
after 2 months; CMAI score 
decreased from 74.5 to 47.5, 
rigidity score (UPDRS) 
decreased from 3.4 to 1.7 (i.e., 
by 50%); scores for daily 
activities both decreased, but 
this was due to a decrease (less 
good functioning) in 2 patients, 
whereas 7 patients improved; 
VAS score for most invalidating 
behavior (screaming, 
aggressive behavior, tearing 
clothes) decreased from 9 to 5. 
Effects persisted after 2 months 
for the 4 persons for whom 
longer follow-up was available
Nurses observed in nearly all 
patients less overall rigidity 
making washing and transfers 
easier. Two women with almost 
persistent screaming almost 
stopped doing so; one patient 
stopped frequent vomiting
Half of the patients decreased 
or stopped their psychotropic 
medications; 2 patients were 
able to stop all morphine and 1 
patient decreased by 2/3 in 
2 months with the 3 patients 
having no more constipation. 1 
patient decreased 
benzodiazepine use after 
3 months and 1 patient stopped 
her antipsychotic medications 
after 1 month
Feedback from family was very 
positive.
Conclusion: oral THC/CBD 
cannabis oil in higher dosages 
than in other studies greatly 
improved behavior problems, 
rigidity, and daily care and was 
well tolerated in demented 
patients

Table 9.5 (continued)
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decreased aggression, improved sleep, better moods, less self-mutilation, better 
pain control, less need for neuroleptic drugs, and reduced nursing care demands [4] 
(Personal communication, J Hergenrather, December 2020).

 Systematic Reviews
A systematic review of the efficacy of cannabinoids for treatment of dementia [26] 
included five studies evaluating efficacy of cannabinoids for anorexia [171] and 
agitation in dementia [31, 168, 169, 175]. The systematic review reported that one 
study which focused specifically on use of dronabinol in treatment of anorexia in 
AD [171] found that dronabinol 5  mg/day for anorexia positively impacted on 
weight but sample size was small. Three studies of THC or dronabinol for treatment 
of agitation/aggression [168, 169, 175] found no significant differences from pla-
cebo, but a trial on nabilone (1–2 mg/day) did find an improvement in agitation 
compared with placebo [31]. The review noted that no studies were available that 
investigated use of cannabinoids to address cognitive symptoms associated with 
dementia. The systematic review also criticized the levels of evidence due to meth-
odological issues and low sample sizes and concluded that nabilone might be useful 
for treatment of agitation associated with dementia but that there was no convincing 
evidence for THC [26].

Another systematic review of the efficacy of THC for treatment of neuropsychi-
atric symptoms of AD [5] included 12 studies, mostly of synthetic THC such as 
dronabinol and nabilone. The researchers concluded that while the efficacy of can-
nabinoids was not proven in robust RCTs, nonetheless observational studies were 
promising, in particular in the case of refractory symptoms associated with 
AD. Furthermore, the safety profile of cannabinoids was favorable with most 
adverse drug events reported in studies being mild [5].

 Take-Home Points
There are a few points of clinical interest in these studies. Firstly, the studies in 
Table 9.5 are mostly in pure, synthetic THC. Given the potential for CBD to miti-
gate some of the less desirable effects of THC, more studies are required to assess 
full-spectrum THC-dominant medicinal cannabis products (as well as products that 
might have different ratios of THC and CBD).

Secondly, most study participants in these studies were taking concurrent medi-
cations including psychoactive medications; THC was used concurrently. While 
some side effects occurred, overall, it seems that these were not particularly serious 
and that THC was relatively well tolerated.

Thirdly, in one study which began with using a medicinal cannabis tincture, three 
patients had pain on swallowing which was worse with the medicinal cannabis tinc-
ture and had mouth ulcers. They then swapped the study medication to a medicinal 
cannabis oil, and the ulcers disappeared, suggesting that perhaps the alcohol in the 
tincture might have caused the problem [173]. The take-home message from this 
study is that when patients with severe dementia can’t speak or communicate, treat-
ing doctors need to be careful with the type of medicinal cannabis product used and 
check carefully for any change of behavior and investigate it.
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Lastly, another point of interest in a few of the studies is the improvement in 
caregiver distress found [31, 170, 173]. As mentioned previously, the negative 
impact of dementia on those around the patient with dementia is substantial, and it 
is most important that their experience is taken into account.

It is remarkable that despite the relatively positive studies, very little synthetic 
THC is generally prescribed or used in skilled nursing facilities. This might be 
explained by several facts. In the USA these drugs are schedule III controlled sub-
stances, and a typical prescription at the current time is listed at $330 USD. The 
FDA-approved indications are for anorexia and nausea induced by chemotherapy. 
And, although physicians often prescribe outside of approved indications, the polar-
ized cultural climate about cannabis could make physicians less willing to explore 
this use. Furthermore, few physicians have been educated about the endocannabi-
noid system or the application of phyto- or synthetic cannabinoids.

 Terpenes and Dementia

Much of the cannabis research in AD, not surprisingly, has revolved around CBD 
and THC. However, the role of the terpenes bears further thought, since many ter-
penes may help reduce some of the neurobehavioral symptoms associated with 
AD. For example, we know that linalool is calming and may assist with agitation, 
aggression, anxiety, and insomnia [4, 120].

 Beta-Caryophyllene
Beta-caryophyllene is one of the terpenes (though since it does bind with CB2 
receptors, it might be more appropriately called a phytocannabinoid) with strong 
anti-inflammatory and antioxidant actions that could be therapeutically useful in 
treatment of AD. Oral beta-caryophyllene was found to prevent cognitive impair-
ment in a particular transgenic APP/PS1 AD mice model, and this was associated 
with a reduction in β-amyloid in the hippocampus and cerebral cortex. Oral beta- 
caryophyllene was associated with reduced astrogliosis and microglial activation as 
well as decreased levels of COX-2 protein and mRNA levels of TNF-α and IL-β1 in 
the cerebral cortex of the mice. When a CB2 receptor antagonist or a PPARγ antago-
nist was applied, the protective effects were significantly reversed, demonstrating 
that the anti-inflammatory effects involve CB2 receptors and PPARγ pathways [176].

 PEA and Dementia

N-Palmitoylethanolamide (PEA) belongs to the class of N-acylethanolamine phos-
pholipids and is part of the extended ECS. It is a lipid mediator synthesized in many 
plants and in cells and tissues of mammals, and has been isolated from several foods 
including soy lecithin, egg yolk, and peanut meal. PEA has analgesic and 
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anti- inflammatory properties and shows promise in many different areas including 
pain, eczema, and neurodegenerative and neuroinflammatory diseases. It also shows 
promise in the treatment of AD [59].

 PEA and the Extended Endocannabinoid System
There are several mechanisms of action of PEA relevant to neuroinflammation and 
neurodegeneration and, therefore, potentially AD. In addition to acting as an auta-
coid local injury agonist downregulating mast cell activation, PEA can directly acti-
vate PPAR-α and GPR55, with PPAR-α appearing to be the main target receptor 
involved in the anti-neuroinflammatory actions of PEA. PEA has a weak affinity for 
the cannabinoid receptors; however, it may indirectly affect cannabinoid receptors 
by acting as a false substrate for FAAH, thereby leading to reduced AEA degrada-
tion (FAAH degrades AEA) and thus increased AEA levels. GPR55 can form recep-
tor heteromers with either CB1 or CB2 receptors, which suggests that PEA might 
be able to influence CB1/CB2 signaling via targeting such heteromers. PEA can 
also indirectly activate the TRPV1 channel via several different mechanisms [59].

 Preclinical Studies of PEA in AD
Several in  vitro studies have demonstrated that PEA can attenuate Aβ-induced 
astrocyte activation and reduce Aβ-induced neuroinflammation by decreasing pro-
inflammatory molecules and cytokines (e.g., COX-2, IL-1B, TNF-α, PGE2, and 
others), and research suggests involvement of PPAR-α. PEA also appears to have 
antiangiogenic properties which may also be relevant in AD. PEA can counter some 
of the effects induced by Aβ in cortical cells and astrocytes (e.g., countering the 
reduction in cell viability, increase in glutamate levels) and reduce Aβ-induced 
astrocyte activation and improve neuronal survival [59].

There are other actions of PEA of potential value in dementia. PEA may also 
contribute to gene transcription, maintaining long-term anti-inflammatory effects, 
decreasing proinflammatory enzymes, and also increasing the synthesis of neuros-
teroids [177]. Neurosteroids are signaling molecules synthesized from cholesterol 
in the brain, converted into pregnenolone and then into all other endogenous ste-
roids. Neurosteroids play a role in neural plasticity, learning and memory processes, 
stress, anxiety, and depression [178]. PEA may also protect the endothelium from 
oxidative and inflammatory injury, helping to enhance neurovascular unit perfusion 
and integrity [177].

Animal models of AD also indicate PEA shows promise in its treatment. Studies 
have shown PEA can reduce or prevent cognitive impairments induced in injection 
of a specific Aβ protein into mice; reduce brain lipid peroxidation, protein nitrosyl-
ation, iNOS induction, and caspase-3 activation; block the upregulation of inflam-
matory mediators (including iNOS, COX-2, IL-1β, and TNF-α); reduce astrocyte 
activation; and increase BDNF levels [59].

For a very good summary of the scientific evidence of PEA in AD, see Beggatio 
et al. [59].
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Human Studies of PEA in AD
There are no published clinical trials of PEA in the treatment of AD and its symp-
toms currently. There is one case report [177] which may be relevant, that of a 
67-year-old woman with mild short-term memory impairment who was treated with 
high-dose PEALut (a product containing PEA and luteolin), for 9 months. Luteolin 
is a flavonoid with anti-inflammatory and antioxidant properties [177]. The patient’s 
son and husband had noticed mild memory problems 2.5 years earlier with slow 
progression since then. The woman had a family history of AD (uncle, mother). At 
baseline, a brain MRI was normal; however, a brain single-photon emission com-
puted tomography (SPECT) scan revealed bilateral hypoperfusion in several areas 
(parietal, inferior-temporal, and temporo-occipital). After 3 months of treatment, 
there was a nonsignificant improvement in cognitive function, and after 9 months 
there was a significant improvement in memory, as measured by a battery of vali-
dated tests, compared with baseline. Interestingly, at 9 months the brain SPECT was 
almost normal [177]. This was a case of mild cognitive impairment (MCI) and no 
diagnosis of AD was made; however, MCI is a risk factor for AD [177].

This case report did not report on any potential confounding factors that might 
have contributed to the cognitive improvement. All being equal, if there were no 
other changes to the patient’s diet and lifestyle apart from adding the PEALut, this 
could support a therapeutic effect of the combination of PEA and Luteolin. As case 
studies tend to, it gives us food for thought—might this be worth pursuing?

In these conditions, it has been demonstrated that the increase of endogenous 
PEA, either by decreasing its degradation or exogenous administration, is able to 
keep neuroinflammation within its physiological limits [179]. Phytocannabinoids 
can influence PEA and other N-acyl-ethanolamides (NAEs) by stimulating the syn-
thesis enzyme N-acyl phosphatidyl ethanolamine-specific phospholipase D (NAPE- 
PLD). Findings show that CBD increased the levels of NAEs and AEA, while THC 
increased levels of mostly arachidonic acid products [180].

 Oleamide

Many different compounds from plants have the potential to reduce oxidative stress 
associated with AD, protecting cells from neuronal toxicity resulting from oxidative 
stress [57]. In a mice model of AD, an extract from the humble radish (Raphanus 
raphanistrum) has been found to reduce lipid peroxidation and Aβ aggregation in 
mice brain tissues, increase acetylcholine and catalase activity in the brain, and 
reduce hydrogen peroxide-induced oxidative stress in cells. In vivo behavioral tests 
were also conducted in the mice. Results indicated attenuation in Aβ1–42-induced 
learning and memory impairment in the mice in those treated with the radish extract. 
The active compound in radish was found to be oleamide [57].

You will remember from the earlier chapter on the ECS that oleamide is a mem-
ber of the extended ECS. Oleamide is made within the body of animals—it is struc-
turally related to AEA and is an endogenous amide of the fatty acid oleic acid [57, 
181]. Oleic acid is a major monounsaturated fatty acid found in olive oil and other 
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plants [181]. One of the actions of oleamide in our bodies is to promote sleep—it 
accumulates in the cerebrospinal fluid during sleeplessness. Its exact mechanisms 
of action are still being investigated but may involve interactions with neurotrans-
mitters such as choline acetyltransferase [57].

Thus, this radish extract appears to be able to protect brain cells against oxidative 
stress-induced neuronal toxicity, and this may be due to oleamide’s antioxidant 
activity [57]. Other studies have also found that treatment of microglia with extract 
of radish protects neuronal cells from neurotoxicity induced by microglial activa-
tion [49]. Given the role of oxidative stress in the pathophysiology of AD, it makes 
sense to ensure that the diets of AD patients are rich in those plant foods that have 
high antioxidant activity.

 Omega-3 PUFAs and Alzheimer’s Disease

Epidemiological studies suggest that reduced levels or intake of omega-3 polyun-
saturated fatty acids (PUFAs) or fish consumption is associated with increased risk 
of dementia, including AD, as well as cognitive decline and that increased dietary 
intake of docosahexaenoic acid (DHA) is protective for AD and other forms of 
dementia [182]. DHA’s neuroprotective mechanisms of action include production 
of neuroprotective metabolites and reduction in arachidonic acid metabolites (which 
are often inflammatory in nature), and in AD, it has been shown to limit the produc-
tion of Aβ toxin and suppress signaling pathways induced by Aβ [182]. This includes 
suppressing kinases that promote tau phosphorylation and neurofibrillary tangles. 
Studies suggest that DHA is likely to be more effective in prevention and treatment 
of AD if treatment is started early or it is used with antioxidants [182].

A systematic review (seven studies met the criteria for inclusion) concluded that 
there is evidence that supplementation with omega-3 polyunsaturated fatty acids 
may be beneficial at the stage of AD onset when there is only slight impairment of 
brain function. The review also concluded that some while studies did show changes 
in cognitive function in more severe AD, overall, there was not enough data to sup-
port omega-3 PUFA supplementation in the treatment of AD [183]. However, none 
of the studies controlled for the amount of omega-6 intake. This may be important 
omega-6 competes with omega-3 in the processes leading to the formation of anti- 
inflammatory endocannabinoid epoxides versus predominantly inflammatory ara-
chidonic products.

Largely overlooked in the literature is the role of omega-3 as a substrate of the 
extended endocannabinoid epoxy-eicosanoids as well as a ligand for the noncanoni-
cal ECS receptor-like PPAR gamma (PPAR-γ). Omega-3 endocannabinoid epox-
ides are derived from docosahexaenoic acid (DHA) and eicosapentaenoic acid 
(EPA) to form epoxyeicosatetraenoic acid-ethanolamide (EEQ-EA) and epoxydoc-
osapentaenoic acid-ethanolamide (EDP-EA). They are produced endogenously by 
activated BV-2 microglia cells, and production is stimulated in response to inflam-
mation. Both these compounds, by way of CB2 receptors and PPARγ, induce anti- 
inflammatory cytokines and suppress inflammatory ones. Additionally, the omega-3 
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epoxides exerted antiangiogenic effects in human microvascular endothelial cells 
and vasodilatory actions on coronary arteries and regulated platelet aggregation 
[184]. EDP-EA induces apoptotic and anti-migratory actions partially mediated 
through increased CB1 receptor binding and avoiding hydrolytic metabolism by 
FAAH, allowing for increased bioavailability [185].

 Guidelines for Treating Dementia with Medicinal Cannabis

 When to Use Medicinal Cannabis

Medicinal cannabis treatment should be considered after a thorough clinical assess-
ment and implementation of a comprehensive treatment plan including lifestyle 
modification, diet, and behavioral approaches. Sleep is an important factor in AD as 
we saw earlier, so it is very important to not forget to ask about sleep.

More than any other medical condition, dementia and cognitive decline can be 
associated with a broad range of possible causes. A reasonably accurate diagnosis 
should be confirmed by behavioral testing and imaging. Major metabolic disorders 
should be considered as well as polypharmacy including commonly used statin 
drugs that reduce essential brain cholesterol, vitamin D3, vitamin K2, thyroid con-
version, estrogen, testosterone, and neurosteroids. Behavioral testing may be par-
ticularly valuable in establishing a benchmark and measurable parameter in 
medicinal cannabis treatment.

Dietary approaches are hotly contested, but evidence does suggest that insulin 
resistance of the brain is well associated with Alzheimer’s such that some research-
ers have called Alzheimer’s “type 3 diabetes” [92]. Brain insulin resistance impairs 
the brain’s use of glucose, no matter how high blood sugar rises, and this might 
explain increased rates of Alzheimer’s among those with type 2 diabetes. In a 2004 
study, 81% of people with Alzheimer’s on autopsy had either type 2 diabetes or 
prediabetes [186].

Evidence exists for the use of medium-chain triglycerides (MCT) acting as an 
alternate energy source through the formation of ketone bodies in the insulin- 
resistant Alzheimer brain. A Japanese study in 2019 showed that supplementation 
with an MCT-based ketogenic formula led to significant improvements in cognitive 
function in 20 patients with mild-moderate AD (11 males, nine females, mean age 
73.4 ± 6.0 years). A total of 16 of the 20 patients completed the 12-week regimen in 
which they took the supplement daily. At week 8, there were significant improve-
ments in immediate and delayed logical memory tests compared with baseline mea-
surements. At week 12, compared with baseline, patients showed significant 
improvements in digit-symbol coding and in an immediate logical memory test. 
These results suggest that chronic consumption of this MCT-based supplement had 
positive effects on verbal memory and processing speed in patients with mild-mod-
erate AD [187].

Activity and exercise are also important lifestyle factors for aging and dementia. 
A 2020 review found considerable benefits improving vascular flow, diabetes 
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control, neurotrophins (BDNF), enhanced neurogenesis, and brain redox status 
potentially alleviating Aβ [188].

Therefore, insulin resistance and prediabetes should be clinically addressed and 
treated perhaps in conjunction with medicinal cannabis treatment.

One common barrier to effective medicinal cannabis treatment may be related to 
omega-3 deficiency. CBD may not be effective without sufficient omega-3 [189]. 
Dietary adequacy is essential, and testing should be considered if the history sug-
gests inadequate intake of omega 3 (n-3 PUFA), vegetarian diet, or excessive intake 
of omega-6 (n-6 PUFA). Studies suggest a proper ratio of n-3 to n-6 omegas in the 
range of 1:2–1:4 is ideal [190].

The objectives of treatment with medicinal cannabis should be clearly estab-
lished because benefits will vary based on the duration and severity of dementia due 
to chronic and irreversible brain changes. Palliative therapy is realistic and can pro-
vide enormous relief of suffering and behavioral disturbances. Medicinal cannabis 
can assist with many of the neurobehavioural aspects of dementia and can improve 
patient management as well as providing compassionate relief to caregivers. 
Medicinal cannabis can also assist sleep disturbance that are very common and 
avoid hypnotics and benzodiazepines associated with significant adverse effects. 
Stabilization of the cognitive decline is also a reasonable target especially when the 
disease is identified early. Remission or reversal can be achieved in some cases to 
the great relief of clients and family. Set your targets low so as not to disappoint but 
also to provide realistic hope.

 What Formulation Should You Use? (Blends)

Let the chief complaint suggest the best starting formulation while additional side 
benefits may be seen with the use of a wide range of other products. Behaviour 
management issues (e.g., agitation, aggression) suggest selection of a medicinal 
cannabis product with more sedative actions, while if lethargy is a concern, the 
patient may benefit from a product which is more activating. Responses can be very 
surprising as I have seen with a number of clients ranging from enhanced cooking 
activity to hypersexuality and even a few episodes of brief protective incarceration 
that were quickly resolved as misunderstandings. A low THC, high CBD full- 
spectrum product has been effective in a wide range of my clients. For product 
forms, consider what is the patient most comfortable with and willing to ingest? Are 
there taste or texture issues or issues with swallowing?

More and more providers have the opportunity for compounded formulations 
that might include selected blend of cannabinoids including CBD, CBDA, THC, 
THCA, D8THC, CBN, or CBG. In addition, there is good experience with terpenes 
that can be added to enhance a particular tactical effect like myrcene for pain, lin-
alool for sleep, and pinene for memory. Because of its well-established neuropro-
tective properties, beta-caryophyllene should be a part of any dementia blend. An 
expert cannabinoid pharmacist can guide you in creating custom blends ideal for 
your patients.
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Topical application of oral formulations can be highly effective particularly in 
resistant patients or those in restrictive skilled nursing facilities or hospital. In the 
latter the facility can take credit for their conventional therapy, while the family can 
supplement with clandestine cannabinoid massage. In one of my cases, a 76-year- 
old woman with dementia, this approach helped her survive a respiratory arrest after 
aspiration.

 When Might You Consider Adding THC?

Sedation and tolerance can be effective clinical guides to formula choice and selec-
tion. A past history of cannabis use or tolerance may suggest selection of a product 
with more THC. Increasing the dose of full-spectrum CBD weighted formulations 
(e.g., high CBD: low THC formulations) will increase the total THC content, per-
haps suggesting consideration of a change in formulation to a product with greater 
THC.  Response resistance can also suggest the need for significant increases in 
THC concentrations and total dose. You may need to remind the family that medici-
nal cannabis treatment cannot cause respiratory depression and will not induce 
toxicity.

 Dosing

Doses in the low range of 15 mg CBD per day have been very effective for the aver-
age septuagenarians. Once or twice per day frequency is sufficient with bedtime 
caution for possible activation effects which may be associated with CBD in some. 
Split the dose to avoid sedation or evening activation.

Topical doses in the same range can be effective when applied to any skin sur-
face. The caregiver can complement the medicinal cannabis treatment with thera-
peutic touching or massage.

 Titration and Follow-Up

Start low and go slow for this population. Immediate effects of medicinal cannabis 
occur at the neurotransmitters and ion channels, while changes in cellular metabo-
lism and neuroinflammation take 1–4 weeks. Follow-up visits to the practitioner are 
valuable in tweaking adjustments to the regimen by typically very cautious 
caregivers.

Most cases of dementia make some improvement, but some do not and high 
doses are rarely effective. Correcting an omega-3/6 imbalance is the best potential 
for nonresponders.
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 Other Tips to Enhance Therapeutic Action

First in consideration as non-cannabis agents is beta-caryophyllene (BCP) as a natu-
ral CB2R agonist. Until an approved oral formulation becomes available, topical 
essential oils can be applied to any skin surface with excellent absorption. Depending 
on the concentration, 5–10 drops delivers about 150 mg and can be used twice daily 
or as often as desired. For general purpose I prefer the skin on the back of the hands, 
but BCP can also do double duty as an analgesic for joint pain, bites, burns, or 
bruises.

Adjunct therapy may include medium-chain triglycerides 45–60gms per day to 
induce nutritional ketones as part of a dietary supplementation. And, finally, the 
endocannabinoid palmitoylethanolamide (PEA) 400–800 per day could be additive 
for pain and dementia. Research suggests that the combination of PEA and luteolin 
may be useful.

 Drug-Cannabis Interactions

Several medications commonly used in patients with dementia have potential interac-
tions with medicinal cannabis due to CYP450 competition like donepezil, haloperidol, 
SSRI, and H2 antagonists. Many of the potential drug-cannabis interactions relevant to 
such drugs relate to the isoenzymes CYP2D6, CYP3A4, 1A2, and potentially 2C, 2D6, 
2E1. Several of these pharmaceutical agents are also associated with increased mortal-
ity and worsening of dementia. Nevertheless, due to the low doses of the herbal medi-
cal cannabis, drug interference or interactions are very uncommon, and none have been 
reported in the medical literature in relation to dementia. This contrasts vividly with use 
of pure CBD (i.e., isolate) as in Epidiolex that requires 10–20 mg per kg (in compari-
son with less than 1 mg/kg for full-spectrum medical cannabis products) where drug-
Epidiolex interactions have been reported, in particular in association with antiepileptic 
medications. For benzodiazepines CBD can facilitate withdrawal while replacing the 
calming benefits from the drugs being de-prescribed.

 Case Studies from Dr. Blair’s Practice

 Case 1: Down Syndrome and Dementia

A 61-year-old woman with Down syndrome (trisomy 13) with mild cognitive 
impairment from birth was in generally good health with no significant illness or 
infections. She lived with her widowed sister in Newfoundland, Canada, and was 
assisted by the state with weekly aides. She required no medications and was not 
subject to any known chemicals or trauma.
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The patient was interactive, playful, cooperative, and kind.
In 2016 the patient developed dementia over 1.5 years. She stopped talking or 

eating and became oppositional and angry, showing violence and aggression toward 
her sister. She had no changes in food, medications, infections, trauma, or chemical 
exposures. The sister was no longer able to care for her in her rural two-story home.

The sister reported: “My life is very hectic now because Terry has dementia 
and is very difficult. I still have a respite care worker but only for 35 five hours a 
week, so the rest of the time I am on my own. Terry has had seizures but is on 
medication for them, so far it is working. It is so awful, this dementia. Terry loved 
music now she never wants to hear it at all, never gives anyone a hug anymore 
never says I love You and does not smile. She was always so very sweet and man-
nerly now she is nasty and rude. If someone comes to visit Terry tells them to get 
out and don’t come back.”

Because the patient was not cooperative, a topical approach was created. A stan-
dard cream base was compounded with full-spectrum 1:20 THC/CBD and beta- 
caryophyllene (BCP). This was applied to the back twice daily and gently rubbed 
into the skin. A typical dose was CBD (10 mg/mL), BCP (75 mg/mL) in Cetaphil 
cream base, 2 mL per treatment.

After 2 weeks her sister reported the following: “Dr. Blair, Terry is doing really 
good. She is sleeping better and is smiling more we did not see smiles for months. 
One of my workers was off for a week she came to work today and she is seeing a 
difference in Terry for the better. I am attaching a pic of her that I took yesterday we 
have not seen smiles like this for about a year. Before the cream when I would go out 
for a walk Terry would yell and shout and cry. Both Grace and Phyllis have told me 
there is none of that now while I am gone. That is a blessing for them too. One other 
thing I have noticed (don’t know if the cream got anything to do with it or not). Her 
bowels are working better at least they are for now.”

After 4 weeks the treatment reversed the signs and symptoms associated with 
dementia and restored docile behavior and normal eating, and her recall in games 
and play returned.

Her sister continued: “Terry is still doing so much better since the cream every-
thing that I told you about that was an improvement is still staying improved. There 
is also one other thing. Terry had not worn her hearing aid for 7 months, just would 
not have it in her ear. Now she lets me put it in and does not take it out. She used to 
take it out and throw it. When I came home today my worker, Phyllis, told me this is 
the best day of all that she has seen Terry since she has had dementia. She said, 
‘Terry did not yell at me, not even once.’ Have still not had to give her anything for 
her bowels they have worked fine since the cream. Sleeps great, thank God. Will 
keep you informed and will be for ever grateful for every good day and night I get. 
I know it can’t cure but it sure is helping.”

Her improved health was maintained with the continued medicinal cannabis 
cream over the next 2 years before dying of aspiration pneumonia following a tonic- 
clonic seizure without a prior epilepsy diagnosis.
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 My Thoughts
AD occurs with high frequency in Down syndrome. Therapy was initiated late in 
the course of this patient’s illness with the hopes of improving behavior and 
reducing aggression. An oral approach was not reliable, so an alternate topical 
method was attempted. Most studies suggest less than 10% skin absorption yet 
despite the limited bioavailability, the patient responded exceptionally well. 
Reversal of amyloid plaques and tau tangles is unlikely in the short time between 
medicinal cannabis initiation and response. The probable mechanism engaged in 
such brief onset of action may have been CB1R antagonism. CBD is a weak but 
known reverse agonist on CB1R modulating the activity of this receptor. In 2019 
Navarro-Romero et al. in a mouse model of Down syndrome (DS) reported that 
by blocking CB1R, they restored hippocampal-dependent memory, synaptic 
plasticity, and adult neurogenesis in the dentate gyrus [191]. They repeated the 
study in another DS model with dysfunctional tyrosine-phosphorylation-regu-
lated kinase 1A (DYRK1A) with the same positive results. In addition, CB2 
receptors and FAAH expression are enhanced in both Alzheimer and DS glial 
cells consistent with Aβ-induced effects. The BCP used in this topical therapy 
acted as a CB2 agonist modulating those reactive glial components. CBD as a 
FAAH inhibitor could have provided the necessary synergy to rapidly reverse 
several parameters on neuropathology and sustain improvements.

Early treatment of DS could prevent the AD, but could it also improve brain 
development and performance in young patients? In Down syndrome chromosome 
21 is triplicated producing excess gene products that neuropathogenic leading to 
mTOR activation. Early cannabinoid treatment might compensate for several of the 
DS dysfunctions including mTOR activation, excessive CB1R activation, enhanced 
neuroplasticity, synaptic vesicle trafficking, mitochondrial protection, and mito-
chondrial biogenesis, and reducing Aβ formation through regulation of APP. Perhaps 
early treatment would allow DS children to reach a higher cognitive performance 
and delay or prevent neurodegenerative disease.

We should not forget the plight of the dedicated caregiver in dementia who are 
constantly under stress emotionally, behaviorally, financially, and medically. They are 
often afflicted with fatigue, lack of sleep, anxiety, and depression with possible mus-
culoskeletal injuries from home care. We have shown that the use of cannabinoids can 
reduce anxiety, agitation, and stress in dementia patients. And, givers of care could 
also benefit directly. Cannabinoid use in family caregivers can provide essential sup-
port for their stress in attending to their loved one. Nursing staff in residential facilities 
for mental health disorders are another potential target for cannabinoid therapy de-
stressing. A 2021 study reported on 21 health care workers exposed to high levels of 
physical and emotional overloads seeking clinical help during the COVID-19 pan-
demic. Staff members were evaluated for anxiety, depression, insomnia, and emo-
tional exhaustion before and after 165 mg of purified cannabidiol twice daily without 
THC for 4 weeks [192]. All four indices improved rapidly for all subjects, and the 
effects were sustained without additional dosing until 8 weeks. There were no adverse 
effects and no dropouts, and all subjects continued to work during the trial.
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 Case 2: Vascular Dementia Complicated with Trauma 
and Infection

Although this case is neither mine nor AD, it has several instructional points to 
consider. It was published in 2019 [193].

An 81-year-old grandfather from Israel married with six children was first diag-
nosed with dementia in 2012 7 years after his first cerebrovascular event and imme-
diately following his second. He lived at home with his wife, had 24-h live-in care, 
and, due to severe spasticity, was wheelchair-bound and required assistance for 
most daily tasks. He was also diabetic and had hypertension. Since the first two 
cerebrovascular events in 2005 and 2012, he had also had a series of intracerebral 
hemorrhage following a road accident. A VP shunt was inserted in 2016 and this 
was followed by convulsions. He also had recurrent urinary tract infections and 
pneumonia, for which he had been hospitalized several times. In 2016, he had tra-
cheostomy procedure and required a gastrointestinal feeding tube, and when he 
presented in 2019, he was fed solely through the feeding tube. The patient took six 
different medications for his various illnesses and symptoms including carbidopa/
levodopa. The patient was drowsy most of the time and unable to speak and to com-
municate with others, and due to his severe spasticity, transferring him from bed to 
wheelchair to bed was increasingly difficult.

To relieve his spasticity, a trial CBD therapy was begun (one drop of CBD oil 
three times daily for approximately 7 days, followed by an increase to four drops in 
the daily dose). Within a few days, he showed signs of alertness and said a number 
of words to family. One month later, he continued to be more alert and responsive, 
saying a few words sporadically and moving his lips and attempting to say more. 
The patient was also able to maintain eye contact with those around him for more 
than just a few seconds. His spasticity was significantly decreased.

 My Thoughts
This was a case of long-standing dementia of over 7 years since onset and 
appeared to be vascular dementia complicated with trauma and infection (from 
the case history). Severe spasticity made management difficult, so CBD was 
introduced. Generally, spasticity is considered a target of THC which was avail-
able in Israel.

We can estimate the first positive response at about 10 days particularly in cogni-
tion, followed by improvements in spasticity. The providers addressed the chief 
complaint regarding the management issue of bed transfers. From a clinical view, 
the condition seemed fixed from the point of anatomical pathology, evidenced by 
scan and vascular events. Note the low doses of four drops only, his advanced age, 
and extended recovery time of 1 month. Since CBD will not correct lost or damaged 
tissue, one of the other underlying causes of brain dysfunction which was not obvi-
ous was improved, allowing at least limited cognitive and physical improvement. 
We must be cautious in estimating prognosis in all dementia.
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 Case 3: Vascular Dementia

The patient is an 82-year-old living in Florida. He is a disabled, Korean War veteran 
who suffered a stroke 4 years ago and has been diagnosed with vascular dementia, 
PTSD, diabetes mellitus with neuropathy, and a familial tremor on 15 medications. 
In fact, he scheduled for an intracranial procedure to dampen that tremor in a just a 
few months, but Parkinson’s disease was not suspected. For the previous year, he sat 
in a chair watching TV with little interaction and hardly speaking. He was depressed, 
stubborn, and unable to recall recent events. He slept poorly at night and was disori-
ented especially after sundown.

The wife and daughter consulted with me, and a full-spectrum low THC medici-
nal cannabis product was recommended with a starting dose of 7.5 mg CBD once 
daily. That night he slept until morning and announced that he wanted more 
CBD. Three days later he started taking CBD four times a day. Within 3 days he 
began reacting with pain to his diabetic needle sticks for the first time in years. His 
strength and energy improved, his tremor calmed, and his cognition cleared. He 
started making plans for the future and telling his personal Korean War stories, not 
previously heard, with vivid and accurate detail. At his church revival, he announced 
his healing to the congregation. The pastor thought him delusional, but looking back 
the pastor admitted that Joe’s revival rantings were in fact lucid and logical.

Not having driven in 4 years, the family was apprehensive when the patient 
insisted on driving to his Veterans Administration PTSD group meeting. The next 
day with his wife, he navigated the 60-mile drive over a crowded highway crossing 
multiple lanes of traffic on a rainy day without incident. He knew exactly where he 
was going. At home, he talks constantly and is well aware of the date, time, location, 
and current events. At one point he was emotionally moved by the ravaging weather 
in New England wanted to drive to Massachusetts to help. Yet, the family had no 
difficulty dissuading him from the adventure because, when discussed, he fully 
understood his limitations. Now, he’s walking without assistance, independently 
handling personal business matters with clarity, and maintaining a joyful mood that 
is in stark contrast to his previous suicide ruminations. Furthermore, despite an 
increased appetite, his blood sugars have steadily dropped from mid-200s to 130s.

In a follow-up home visit after 1 month, the patient eagerly anticipated my visit 
and called me by name even though we had never previously met. He was fully 
oriented and aware of current events and volunteered for public interviews and even 
the media. Throughout my interview with the family, he was fully cooperative, rea-
sonable, and very discerning. He even admitted to a rising libido with an appropri-
ate, if not embarrassing, description of his feelings. His family carefully controls his 
use of CBD and he consents.

A month later in a phone interview, the patient thanked me for helping him be 
“reborn” to awareness and stop living like a “vegetable.” He admitted his brain is still 
not functioning at the “top” floor, but he has high hopes of a complete recovery. 
Although the family is thrilled with the improvements, his improvement caused a num-
ber of changes to their future because he was no longer willing to go to a nursing home.
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 My Comments
This patient may have had multiple causes for dementia with previous cognitive 
decline followed by a stroke as well as his underlying uncontrolled diabetes. CBD 
appears to have initiated rapid, broad systemic improvements physically, metaboli-
cally, and cognitively with no apparent adverse effects using very low doses. In 
addition, his lifelong PTSD affliction may be correcting because he is now able to 
publicly tell the tragic stories of his lost comrades and his unexplained survival. The 
patient had indicators of vascular-type dementia. Dramatic improvement in the 
health of an octogenarian is not always well received by the family.

 Conclusion

Dementia, in particular that associated with AD, is all too prevalent. The symptoms 
and signs are devastating and go beyond just loss of memory. The etiology and 
pathogenesis of AD are incredibly complex, and much is still unknown. The ECS is 
involved in the pathogenesis in several ways. Scientific evidence indicates that the 
earlier AD is treated, the better. Since current pharmaceutical interventions do not 
prevent the deterioration of the disease and are associated with side effects, there is 
room for other therapies including medicinal cannabis. Preclinical and clinical 
research indicates that CBD, THC, and many of the other plant nutrients such as 
some of the terpenes and PEA may be useful in the treatment of the neurobehav-
ioural aspects of the condition. Medicinal cannabis may be a valuable part of a 
holistic approach to the treatment of AD that considers a range of factors including 
diet, exercise, stress reduction, and others. At the end of it all, however, as Chinese 
medicine and other forms of traditional medicine teach, we must address the root 
cause of illness. Questions remain: why are so many people now getting dementia, 
and what factors in our environments are contributing to it? Make no mistake: many 
(most?) of our chronic illnesses afflicting humanity are of our own doing.
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Autism Spectrum Disorder

 Introduction

Autism spectrum disorder (ASD) is a complex behavioral condition beginning in 
early childhood and continuing throughout life [1]. ASD is characterized by deficits 
in communication and social functioning and interaction, restricted and stereotypic 
or repetitive behaviors, restricted patterns of interest, sensory issues, and a marked 
preference for behavioral and environmental consistency [1–5]. It also has several 
comorbidities which need to be kept in mind. The pathophysiology is complex, 
multifactorial, and not completely understood, with genetic and environmental fac-
tors involved. There is no successful treatment for ASD. However, there is a grow-
ing body of research that medicinal cannabis might be useful in the treatment of 
some of the behavioral aspects of this disorder.

This Chapter
In this chapter, we will explore the characteristics of ASD, its prevalence, the vari-
ous comorbidities, orthodox treatment, and its pathophysiology. We will then look 
at how the endocannabinoid system is involved in ASD, evidence of efficacy of 
treatment of ASD with medicinal cannabis, and the mechanisms of action by which 
cannabidiol in particular might work.

 What Is Autism Spectrum Disorder?

ASD is characterized by deficits in communication and social functioning and inter-
action (e.g., in social-emotional reciprocity; in developing, maintaining, and under-
standing relationships; in nonverbal communicative behaviors used in social 
interactions), restricted and stereotypic or repetitive behaviors, restricted patterns of 
interest, and sensory issues (e.g., extreme responses to certain sounds/textures, fas-
cination with lights or spinning objects) and a marked preference for behavioral and 
environmental consistency [1–5].
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Various authors describe three main symptom/sign behavior domains where 
there are deficits in ASD:

• Communication and speech
• Repetitive, compulsive behaviors with restricted interests
• Social impairment [4]

In ASD, deficits in social domain functioning are evidenced by particular behav-
iors including lack of social/emotional reciprocity, lack of mutual enjoyment of 
social activities, reduced ability to hold conversations, lack of eye contact, and 
others [4]. In particular, there is an atypical reward system functioning in those 
with ASD [1]. Children and adults with ASD look less at social stimuli than non-
social stimuli [6–8], and functional MRI studies show lower activity in the ventral 
striatum area of the brain in response to social stimuli [9]. The autism-like charac-
teristics are considered to exist on a spectrum of features and intensity, hence the 
name ASD.

The behavioral characteristics typically emerge within the first 4 years of life, 
and whilst it seems that most of the behavioral abnormalities associated with ASD 
tend to appear between 12 and 48 months, some have a much earlier onset. For 
example, sensory problems including extreme responses to sounds may appear as 
early as 7 months. Other behaviors, like disengagement of visual attention, occur 
later, appearing around 12–14 months [1].

 Prevalence

ASD has substantial clinical and pathogenetic heterogeneity, with the distribution 
seen as a dimensional continuum across the general population. Worldwide preva-
lence is around 1% [10], with a higher prevalence in males compared with females—
US surveillance data (2010) indicated an overall prevalence of ASD of 14.7 per 
1000 (male/female ratio 4.5:1) [11].

There is a much higher incidence of ASD in siblings of children already diag-
nosed, ranging from 15% to 25% [1, 12].

 Associated Comorbidities

Of those with ASD, 70% have associated comorbidities [13]. These include:

• Intellectual disability (65%)
• ADHD (40–70%)
• Seizures (30%)
• Sleep disorders (40–80%)
• Motor dysfunctions
• Metabolic and gastrointestinal disturbances (including constipation) (in chil-

dren: 9–91%)

10 Autism Spectrum Disorder



461

• Mood disorders, anxiety disorders (42–56%)
• Depression, psychosis, and obsessive-compulsive disorders
• Addictive behaviors (e.g., Internet, video gaming, watching TV)
• Self-injury (35–60%) [1, 10, 14–30]

Sleep Disorders
Sleep disorders are common in ASD, and 40–80% of children with ASD will expe-
rience sleep problems (this figure is around 25–40% in normally developing chil-
dren) [16].

As we saw in a previous chapter on insomnia, sleep is very important for the 
developing child including brain development (including synaptic pruning) and 
cognition and memory consolidation. Thus, sleep disturbances in a child with ASD 
are particularly serious, with insufficient sleep shown to exacerbate ASD symptoms 
including social behaviors (such as communication problems) and maladaptive 
behaviors such as aggression and tantrums [16]. Reduced amounts of sleep are asso-
ciated with more severe symptoms in children with ASD [31].

Gastrointestinal Disorders
Various reports indicate the prevalence of gastrointestinal (GI) disorders in children 
with ASD is anywhere between 9% and 91% [17]. GI conditions including consti-
pation, diarrhea, food allergies, and malabsorption or maldigestion problems occur 
more frequently in children with ASD (than in children without ASD) [23, 32]. A 
review of studies on this topic concluded that cognitive deficits in ASD are clearly 
related to GI disturbances, at least in certain groups [23].

ADHD and ASD
Interestingly, ASD and ADHD can co-occur and share genetic risk factors, and there 
is overlap in some of their features, as well as distinctions, including in neuroana-
tomical findings [14]. Approximately 15–25% of youth with ADHD demonstrate 
ASD symptoms [33, 34], and 12.4% have an ASD diagnosis [35]. In children with 
ADHD, higher levels of ASD symptoms are associated with a more severe pheno-
type including higher levels of oppositional, conduct, and anxiety symptoms, lower 
IQ, deficits in working memory, and general motor problems [33].

 ASD and Reduced Mortality

People with ASD have higher risk of premature mortality, including all-cause mor-
tality and disease-specific mortality across several International Classification of 
Diseases (ICD) disease categories [36]. A matched case-cohort study found that 
premature mortality is significantly increased in ASD (odds ratio 2.56 for all- 
causes), with average lifespan reduced by around 16 years (compared to the general 
population). The study found that mortality was increased in both low- and high- 
functioning ASD and in both males and females. Low-functioning ASD was 
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associated with higher mortality compared with high-functioning ASD for mental 
and behavioral disorders; diseases of nervous, circulatory, respiratory, and digestive 
systems; and congenital malformations. Across the whole ASD cohort, females 
with low-functioning ASD were particularly at risk; mortality risk was nine times 
higher than the general population [36]. Other studies have also found higher death 
rates associated with ASD [37] and a higher mortality rate in females with ASD 
compared with males with ASD [37, 38].

 Prenatal, Perinatal, and Neonatal Risk Factors for ASD

Several risk factors have been identified for ASD; however, no cause-effect relation-
ship has been established. These include gestational diabetes, vaginal bleeding in 
the first trimester, viral infections, fungal infections, meconium in amniotic fluid, 
and starting medications during pregnancy [39]. Won et al. [39] divide these up into 
three subcategories:

• Prenatal risk factors: advanced maternal and paternal ages, primiparous women, 
bleeding, medication, and diabetes

• Perinatal risk factors: induced labor, preterm birth, breech presentation, caesar-
ean section

• Neonatal factors: low birthweight and size and poor conditions at birth (hypoxia, 
hyperbilirubinemia, encephalopathy, birth defects)

Several genetic and environmental factors have been identified as possible etio-
logical agents, discussed shortly.

 Treatment

There are no established effective primary treatments available to reverse or prevent 
ASD.  Most treatments address behavioral symptoms and learning deficits. 
Pharmaceuticals are used mainly to treat aggressive behavior and irritability and 
include antipsychotics, selective serotonin reuptake inhibitors, and stimulants [10]. 
Pharmaceuticals, of course, often have undesirable side effects. There is clearly 
room for other therapeutic options.

Qualifying Medical Condition in US States
ASD is recognized as a medical condition that qualifies for treatment with medici-
nal cannabis in 15 states of the USA including the territory of Puerto Rico. It may 
also be recommended by doctors for the treatment of ASD in the following states: 
California, Michigan, Massachusetts, Oklahoma, Oregon, and the District of 
Columbia [40] (http://www.mammausa.org/autism- friendly- states.html).
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 Etiology and Pathogenesis of Autism Spectrum Disorder

The etiology and pathomechanism of ASD are complex. It appears that altered 
neurodevelopment during pregnancy and early childhood occurs and genetic, epi-
genetic, and environmental factors are also involved in its etiology [41–44]. Various 
studies support the contention that ASD transmission is polygenic (3–15 alleles per 
individual), along with gene-gene and/or gene-environment (epigenetic) 
effects [42].

The pathogenesis involves many disparate mechanisms. Research supports the 
following factors: involvement of atypical development of neural connectivity, 
mutations in genes, chronic neuroinflammation, immune system dysregulation, 
microglial activation, GABAergic imbalance, monoaminergic dysregulation, mito-
chondrial dysregulation, abnormal endocannabinoid tone, and abnormal endocan-
nabinoid signaling [1, 45–52].

We will look at some of the factors that are thought to be involved in the patho-
genesis of ASD in this section. However, Bourgeron [53] points out something 
important: ASD should not be considered a single entity but as a continuum, and it 
might be better to give up the idea that there is a single defining dysfunction occur-
ring in the brains of those with ASD and, instead, simply try to understand the many 
factors involved in this disorder. When we look later at the endocannabinoid system 
involvement in ASD, and knowing how far-reaching the involvement of the endo-
cannabinoid system is broadly within our brains and bodies more generally as a 
neuroregulatory system, it makes you wonder if the endocannabinoid system might 
in some ways be a vital link in connecting up all the pathomechanisms that appear 
to underlie ASD.

 Neuroanatomical Findings

Research indicates that in ASD, there is an increase in total brain volume or 
increased intracranial volume [54, 55] (though this does not occur uniformly) and 
increased head circumference [54, 56] and evidence that increased brain volume 
occurs early in development of the child [54].

Brain volumetric changes have been found in both gray and white matter, though 
research findings are inconsistent [56]. Some researchers have found that the early 
brain growth occurs prior to age 2, others have found cortical enlargement occurring 
at age 2 and 4–5 years, some have found persistent brain enlargement in adoles-
cence and adulthood, and others have found that white matter development is abnor-
mally slow and there is overgrowth of gray matter during adolescence (see Stigler 
and McDougle [56] for the studies). Neuroimaging of infants at high risk of familial 
ASD (in comparison with low-risk infants) revealed hyper-expansion of the cortical 
surface area between 6 and 12 months which preceded brain volume overgrowth 
between 12 and 24 months in 15 high-risk infants who were diagnosed with ASD at 
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24 months. The brain volume overgrowth was associated with emergence as well as 
severity of the social deficits of ASD [54].

Changes have been found in many brain regions in ASD, many of which are set 
out in Table  10.1 (summarized from studies in Antshel et  al. [14], Stigler and 
McDougle [56], Doherty et al. [57]). This variation may reinforce our understand-
ing of ASD as a syndrome with multivariate pathophysiology as well as clinical 
manifestations. From this list, we can see that the functions associated with these 
brain regions are affected in people with ASD. There have been volumetric changes 

Table 10.1 Brain neuroanatomical changes in ASD

Brain region

Evidence from various studies:
Enlargement (↑), decrease (↓) or 
no change (–) in volume

Total brain volume ↑
Left middle/superior temporal gyrus (region important for 
language and social communications) (gray matter)

↑

Frontal lobe ↑
Frontal-parietal regions (relevant to motor functions in 
children, particularly postcentral gyrus)

↑

Dorsolateral prefrontal cortex ↑
Medial prefrontal cortex ↑
Orbitofrontal cortex –/↓
Hippocampus (integration of information, associative 
learning)

↑/↓/–

Insula (integrates several neurocognitive systems related to 
empathetic, affective, and interoceptive processes)

↓ (gray matter)

Amygdala (plays a role in emotional and social behavior 
and motivation)

↑/↓

Striatum ↑
Caudate nucleus (part of basal ganglia involved in executive 
function, role in repetitive behaviors)

↑

Inferior frontal gyrus (involved in memory, sentence 
comprehension)

↓

Brainstem (involved in sensory modulation) ↓/–
Thalamus (language and emotional processing, role in 
executive function)

–/↑

Fusiform gyrus (involved in face processing) ↑/↓/–
Superior temporal gyrus (involved in processing of eye 
movements)

↓ (gray matter)

Planum temporale (involved in auditory processing, 
receptive language)

↑/↓

Anterior cingulate cortex (integration of cognition and 
emotion and behavioral expression integration)

↓

Cerebellum (motor coordination, language, emotion, 
executive function)

↑/↓ (total volume)
↑ or ↓ (vermal region)

Corpus callosum (white matter microstructure) ↓/–
Superior longitudinal fasciculus (white matter 
microstructure)

↓

Summaries of findings of studies in Antshel et al. [14], Doherty et al. [57], Stigler and McDougle [56]
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in both white and gray matter in various brain regions found in ASD [56]. In gen-
eral, there is an increase in total brain volume and increase in volume/size in several 
areas of the brain associated with ASD. However, in some brain areas, there are 
discrepancies between study findings with some finding evidence of an increase and 
others finding evidence of reduction or no change in volume in ASD compared with 
healthy controls [14, 56, 57]. Abnormalities in cortical thickness may be age-related, 
with studies of children with ASD finding evidence of increased cortical thickness 
and studies in adolescents and adults with ASD finding evidence of cortical thinning 
in certain brain areas, e.g., temporal, parietal, and frontal lobes (see Stigler and 
McDougle [56]).

Whilst a complete discussion of the neuroanatomical changes occurring in ASD 
is beyond the scope of this chapter (readers are referred to Antshel et  al. [14], 
Doherty et al. [57], and Stigler and McDougle [56]), we will just choose a couple of 
examples to demonstrate how changes in particular brain regions appear to be asso-
ciated with characteristics of ASD.

Caudate Nucleus and Repetitive Behavior
The caudate nucleus is part of the basal ganglia that are involved in executive func-
tion and is thought to play a role in the repetitive, stereotypic behaviors associated 
with ASD [58]. Various studies have found ASD to be associated with an increase in 
volume of the caudate nucleus in adults and children, with volume positively associ-
ated with repetitive behavior [56, 58].

Alterations in Fronto-striatal Circuitry and Inflexible Behavior
Changes in fronto-striatal circuitry that supports flexible behavior may underpin the 
restricted and repetitive behaviors, the clear preference for behavioral and environ-
mental consistency, and rigid adherence to preferred behavioral patterns, character-
istics of ASD.  As explained by D’Cruz et  al. [3], flexible behavior requires 
decision-making and response planning as well as processing of reinforcement 
cues. A functional magnetic resonance imaging (fMRI) study in 17 people with 
ASD and 23 controls (age-, gender-, and IQ-matched) assessed behavioral flexibil-
ity on using two- and four-choice reversal learning tasks during fMRI. In controls, 
activation usually increased in both dorsal and ventromedial frontal systems when 
the correct choice after reversal was  uncertain and when a four-choice reversal 
learning task was used. What they found in this study was that when the choice 
outcome after reversal was uncertain, there was decreased activation in the frontal 
cortex and ventral striatum in the ASD group. When the outcomes of new responses 
were certain, there was no difference between the ASD group and controls. The 
decreased activation in the frontal cortex suggests problems in decision-making and 
planning of responses, whilst the decreased activation in the ventral striatum sug-
gests problems in processing reinforcement cues [3].

Anterior Cingulate-Ventral Striatum-Thalamic Pathway and Dysfunctional 
Reward System
In typical adults, social rewards elicit greater saccadic eye movement deviation 
(saccadic eye movements are the movements from one point to another) and 
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greater gaze duration bias and thus this would seem to indicate that social rewards 
have greater salience and value in comparison on non-social rewards [59]. In 
ASD, reduced preference for social rewards has been observed [59]. Alterations 
in the anterior cingulate-ventral striatum-thalamic pathway are implicated in 
ASD: abnormalities in sensory stimuli processing and gross motor function and 
reward system deficits and stereotypies suggest that there is impairment of the 
caudate, putamen, and thalamus and striatal involvement [60]. Humans preferen-
tially look longer at socially rewarding stimuli, and gaze fixation has been linked 
to striatal activity [1, 59, 61]. Functional MRI studies have demonstrated lower 
activity in the ventral striatum in response to social stimuli in those with ASD 
compared with controls [9]. The dopamine system has been implicated in reward-
related functions and primate  research has demonstrated that reward-dependent 
modulation of saccadic eye movements  is dependent on dopamine-induced 
changes in caudate nucleus neuronal activity [62].

For more information on the neuroanatomical changes found in ASD, see Antshel 
et al. [14] and Stigler and McDougle [56]. For a comparison with changes found in 
brain regions in ADHD, see Doherty et al. [57].

 Abnormal Connectivity and Signalling of Neuronal Networks

Synaptic plasticity has been defined as “the property of synapses to strengthen or 
weaken in response to changes in both the amplitude and the temporal dynamics of 
neuronal activity” [53]. Sensory inputs and intrinsic brain activity can alter number 
of synapses and increase or decrease neuronal connectivity [53].

Altered connectivity of neuronal networks is thought to underpin ASD. ASD- 
derived neurons showed abnormal neurogenesis and reduced synaptogenesis, lead-
ing to functional deficits in neuronal networks [63].

Dysgenesis of Dendritic Spines
Dendritic spines are small protrusions from dendrites and are the major postsynap-
tic sites of excitatory glutaminergic synapses—excitatory synapses form on the 
head of the spine [64, 65]. Spines have variable shapes, changing size and shape in 
response to synaptic activity (in other words, they are adaptable and responsive, 
not static) [65]. Many ASD risk genes alter cellular pathways which intersect at 
postsynaptic glutaminergic synapses, and this implicates abnormalities in dendritic 
spines in ASD [66]. This is supported by studies in individuals with autism-related 
disorders which demonstrate dysgenesis and abnormalities of dendritic spines, 
including reduced dendritic spine density, and spine dysgenesis has been con-
firmed in experimental mouse models of these syndromes [65, 67]. Studies in mice 
models of Fragile X (“fmr1 knockout mice”) show immature dendritic spines, and 
Fragile X patients with intellectual disability have been found to have altered den-
dritic spine morphology (longer or shorter, thinner and fewer than normally devel-
oping individuals) [39]. Fragile X is understood as the most common genetic 
cause of ASD.
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We will discuss dendritic spines again in relation to disturbances of signaling 
pathways shortly.

Disturbed Signaling Pathways Involved in ASD Pathology
Insulin-like growth factor 1 (IGF-1) has been implicated in the pathology of ASD. So 
too has the mammalian target of rapamycin (mTOR, a central regulator of many cell 
processes including growth, proliferation, autophagy, translation, and actin polymer-
ization) as well as phosphatidylinositol 3-kinases (PI3K, a downstream target of 
IGF-1 which regulates many cellular operations including growth, differentiation, 
motility, survival, intracellular transport) and the serine/threonine kinase AKT (which 
is a central node in cell signaling downstream of growth factors, cytokines, and other 
stimuli and plays an important role in various cell functions including survival, 
growth, proliferation, cell migration, and angiogenesis) [68–70].

Disturbance of the IGF-1/PI3K/AKT/mTOR pathway is likely to be involved in 
the pathophysiology of ASD [68]. Animal and human research points to the likeli-
hood that decreased IGF-1 signaling is involved, particularly in ASD impairment of 
myelination, neuron development, and synaptic function [68]. Children with ASD 
have been found to have decreased IGF-1 levels in cerebrospinal fluid [71]. Children 
with ASD have been shown to have abnormal myelination which is regulated by 
IGF-1 (e.g., Steinman and Mankuta [72]). For more information on this pathway’s 
involvement in ASD, see Chen et al. [68].

Dysfunction of mTOR in ASD
As discussed previously, the mTOR plays a central role in regulation of many cell 
processes, including growth, proliferation, autophagy, translation, and actin polym-
erization [69]. The mTOR signaling pathways are present at synapses and can influ-
ence dendritic spine development and synaptic plasticity [69]. Dysregulation of 
mTOR signaling is a key biological pathway involved in autism-relevant behav-
iors [69].

Overactivity of mTOR has been found in several autism-related conditions, and 
in mice models of such diseases, treatment with rapamycin (inhibitor of mTOR) 
was found to reverse the autism-related disorder phenotypes [65, 73]. mTOR forms 
two different complexes, mTORC1 (sensitive to rapamycin, believed to regulate 
mRNA translation rates) and mTORC2 (insensitive to rapamycin and a regulator of 
embryonic development, actin cytoskeleton activity, synaptic efficacy, and long-
term memory consolidation), and dysregulation of both complexes has been impli-
cated in memory disorders and the cognitive deficits of various ASDs [69]. Altered 
mTORC2 has been found associated with cognitive deficits in other diseases such 
as Parkinson’s disease and Alzheimer’s disease [69]. Several ASD syndromes are 
caused by mutations in genes that inhibit mTOR kinase [66].

Evidence suggests that in ASD, dysfunctional mTOR signaling is associated 
with synaptic (dendritic) spine abnormalities and abnormal synaptic plasticity [65, 
66, 69], and this may be the common denominator in the various autism-related 
disorders [65]. In ASD there is a loss of balance between synaptic protein synthesis 
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and breakdown (autophagy) which is needed for homeostasis and plasticity, and 
mTOR signaling is critically involved [66].

Overactive mTOR may result in excessive synaptic protein synthesis and inhibit 
autophagy. Normal neuronal autophagy is essential for spine pruning during postna-
tal development plus normal social behavior. Neuronal autophagy-deficient mice 
demonstrate mTOR overactivity that underlies ASD-like synaptic pathology. 
Inhibition of autophagy was found to be associated with inhibition of normal spine 
pruning, and when it was corrected by pharmacological blockade of mTOR, den-
dritic spine pruning deficits and social behaviors were normalized, mainly via acti-
vating neuronal autophagy [66]. Other studies have shown ASD brains to be 
deficient in autophagic mitochondrial turnover [74]. Postmortem human studies 
have found significantly higher spine density in adolescents with ASD compared 
with controls, with significantly less synaptic pruning occurring in ASD brains dur-
ing childhood and adolescence compared with controls; in addition a negative cor-
relation between spine density and mTOR-dependent autophagy during childhood 
and adolescence has been demonstrated [66].

In ASD, a dysregulation of mTOR may also underlie the reduced life expectancy 
in this disorder. Regulation of autophagy exerts a significant effect on lifespan, well 
studied in the nematode C. elegans and in rodents. Since autophagic degradation 
declines with age, damaged proteins and organelles could accumulate leading to 
cellular senescence and premature death [75]. Impaired autophagy may be the case 
for other diseases like diabetes, cardiovascular disease, cancer, and neurodegenera-
tive diseases like Alzheimer Aβ (reviewed in Saha et al. [76]).

For a greater insight into the various pathways involved, see Huber et al. [69], 
Phillips and Pozzo-Miller [65], and Tang et al. [66].

Brain-Derived Neurotrophic Factor
Neurotrophic factors play a critical role in regulating neuronal maturation including 
synaptic synthesis [77]. Brain-derived neurotrophic factor (BDNF) is of particular 
importance in ASD. BDNF is a key neurotrophin which regulates synaptic plastic-
ity, neuronal differentiation, and neuronal survival in the brain [67, 77]. BDNF par-
ticipates in dendritic and axonal differentiation during embryonic neuronal 
development and in the formation and maturation of dendritic spines postnatally 
[64]. BDNF inhibits apoptosis and stimulates sprouting and neuronal reorganization 
[67]. Tyrosine kinase receptor B (TrkB) and p75 neurotrophin receptor (p75NTR, a 
member of the TNF receptor family) mediate the actions of BDNF [67]. BDNF, its 
receptor, TrkB, and the proteins involved in their signaling pathways affecting den-
dritic spine protein synthesis and stability are involved with neuritogenesis and have 
been implicated in ASD [48]. Neuritogenesis is the process by which new neurites 
(dendrites and axons) are formed in the brain.

Significantly elevated plasma levels of BDNF have been found in boys with ASD 
compared with matched controls [77]. A more recent meta-analysis of 19 studies 
(2896 participants) confirmed this, finding that children with ASD have signifi-
cantly increased blood levels of BDNF compared with healthy children [78]. 
However, not all studies have found changes in BDNF: in a study conducted in 
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India, serum BDNF levels were significantly higher in atypical autistic children 
(this was a milder phenotype of autism) but not in typical ASD children (the more 
severe phenotype) compared with healthy normal children [67]. They also found 
that BDNF levels were significantly lower in Rett syndrome (the most severe, 
X-linked form of typical autism) compared with controls. They surmised that lower 
levels of BDNF might indicate impairment of neuroprotective mechanisms and 
higher levels might imply a manifested protective response [67]. At least one other 
study, in central Saudi Arabia, also found that serum BDNF levels were signifi-
cantly lower in ASD children [79].

 Genes

Although several studies indicate that ASD is heritable, ASD heritability plays a 
relatively minor role [80] and appears to account for 10–20% of ASD cases [81]. 
Thus, interest has turned to environmental factors and their role in pathogenesis 
which we will discuss shortly. In this section, we will look at a few ways in which 
genetic alterations appear to be involved in ASD.

Fragile X Syndrome (FXS)
Fragile X syndrome (FXS) is an X-linked dominant disorder understood as the most 
common genetic cause of ASD, where there is a loss of expression of the fragile 
mental retardation protein (FMRP) which regulates signal transduction at metabo-
tropic glutamate receptor-5 in the brain [82, 83]. Symptoms and signs associated 
with FXS include ADS (60%), anxiety (80%), social avoidance (80%), stereotypic 
behaviors (80%), social avoidance (80%), ADHD (70%), intellectual disability 
(85% males and 25% females), sleep disorders (40%), aggression (40%), epilepsy 
(16%) and macro-orchidism (90% adults), prominent ears (60%), long faces (60%), 
soft skin (50%), and hyperextensible joints (60% children) [83].

FMRP plays a key role in regulation of translation of many messenger RNAs that 
are involved in synaptic plasticity, and its absence is associated with intellectual 
deficits [83]. It is the deficiency of this FMRP that is thought to increase neuronal 
excitability (Jung et  al. 2021). Mice studies have shown metabotropic glutamate 
receptor-5 (mGlu5)-dependent long-term depression at excitatory synapses in the 
prefrontal cortex and ventral striatum (which is mediated by 2-AG) is absent in 
FMRP-null mice [82]. Males with FXS are more severely affected than females as 
the single X chromosome in males is typically fully methylated and not producing 
FMRP, whereas in females, there is usually some FMRP that is expressed from the 
FMR1 gene on the other X chromosome (which isn’t affected)—this explains why 
FXS males are more likely to have greater intellectual and developmental disabili-
ties than females [83].

Research has shown that the mRNA levels of several genes were significantly 
increased in ASD, including members of the glutamate system (excitatory amino 
acid transporter 1 and glutamate receptor AMPA 1), whilst abnormalities in other 
molecules in the glutamate system were also found (e.g., glutamate receptor 
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binding proteins). AMPA-type glutamate receptor density was also found to be sig-
nificantly reduced in the cerebellum in those with ASD [84].

Genetic Alterations in Glucuronidation Pathway
Genetic aberrations in the glucuronidation pathway may also compromise individu-
als toward ASD by preventing metabolism and excretion of drugs or environmental 
substances. This could be either at the enzyme or substrate level. Some studies have 
shown decreased glucuronidation function in ASD [85, 86].

ASD-Risk Genes
Recent genetic studies in ASD implicate “risk genes” which are key regulators of 
synaptic plasticity, and many of these encode a variety of different proteins (e.g., 
synaptic scaffolding proteins, receptors, cell adhesion molecules, and proteins 
involved in chromatin remodeling and transcription, protein synthesis and degrada-
tion, and actin cytoskeleton). Changes in these proteins can alter synaptic strength 
and/or number of synapses and thereby neuronal connectivity [53]. Animal studies 
have demonstrated that many ASD-risk genes participate in synaptic plasticity, 
altering synaptic strength and/or number, and that genetic mutations impact on neu-
ronal networks, causing hyper- or hypo-activity and increased or decreased synaptic 
density [53].

Bourgeron [53] reports that the majority of ASD-related genetic mutations result 
in increased gene transcription and mRNA translation, something seen when there 
is increased neuronal activity. He suggests that such mutations may cause increased 
synaptic strength or synapse numbers within particular neuronal networks and that 
this might explain why patients with ASD have a higher risk of epilepsy, as well as 
findings in ASD sufferers of ectopic synapses [53].

Genetic Mutations, Synaptic Homeostatic Mechanisms, and ASD
The body has homeostatic mechanisms to ensure that synaptic strength, number, 
and size and therefore neuronal firing remain in balance. There are several mecha-
nisms, one of which is synaptic scaling (which involves voltage-gated calcium 
channels and proteins such as BDNF and tissue necrosis factor), whilst others work 
via altering neuronal excitability [53]. Bourgeron [53] hypothesizes that in a subset 
of ASD patients with genetic mutations, the process of synaptic homeostasis cannot 
counterbalance the effects of genetic mutations on synaptic activity. Consequently, 
there is either hyper- or hypo-activity of neurons. He also suggests that abnormal 
sprouting or pruning of synapses due to mutations may lead to abnormal coordina-
tion as well as competition between neuronal networks, which may explain why 
those with ASD have trouble integrating information from different sensory 
modalities.

Genetic Alterations in Neurexins and Neuroligins in ASD
Drilling down even more at the level of synapses, neuroexins and neuroligins are 
cell adhesion molecules located on presynaptic and postsynaptic neurons, respec-
tively. There are four main isoforms of neuroligans (neuroligans 1–4, abbreviation 
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NL1, NL4, etc.). Neuroexins and neuroligans bind with each other and interact with 
intracellular proteins. It is through binding with each other that they essentially 
facilitate connections between neurons and mediate trans-synaptic signaling.

Alterations in genes coding for neurexins and neuroligins have been implicated 
in ASD as well as a range of other diseases/disorders including mental retardation 
and schizophrenia [87]. In a mice experiment using a “knock-in” model in which 
the mice are bred to express a neuroligin mutation, a point mutation in neuroligin-3 
has been found to result in impaired social interaction and enhanced spatial learning 
and memory. In addition, in these mice there was increased inhibitory synaptic 
strength in the somatosensory cortex, resulting in an imbalance in excitatory and 
inhibitory synaptic transmission which is likely to be relevant to the ASD-like 
behaviors demonstrated by the mice. This same study also demonstrated that the 
impaired inhibitory transmission occurring at cortical synapses in this mice model 
is at least partly due to impaired endocannabinoid signaling via CB1 receptors act-
ing at interneurons other than parvalbumin-positive or somatostatin-positive inter-
neurons [88].

 Sleep Dysregulation and ASD

Sleep and circadian disorders occur frequently in ASD [89, 90]. Fragile X syndrome 
with ASD, resulting from loss of fragile X mental retardation (fmr) gene products, 
is associated with disturbed sleep and altered circadian rhythms. Several studies 
suggest that Fragile X-related proteins (FRMP) may be involved in abnormal sleep 
patterns through altering circadian genes, and these have been shown to modulate 
the number, function, and maturation of synapses and are involved in synaptic plas-
ticity. FRMP is localized on dendrites and synapses and is involved in regulation of 
metabotropic glutamate receptor (mGluR) activity [39].

Parvalbumin Cells and Timing of Plasticity
Circadian rhythms regulate our sleep-wake cycles and disturbances  of circadian 
rhythms are implicated in etiology of ASD. We have circadian clocks within our 
cells and clock-controlled genes which control the onset of the critical period of 
neocortical plasticity. Parvalbumin (PV) cells are inhibitory interneurons found 
within the cortex and synchronize with other brain cells to control the timing of 
critical periods of increased plasticity. Decreases in PV or density of PV- expressing 
neurons have been implicated in mice models of ASD [91]. It is possible that in 
ASD, disturbances to circadian mechanisms can downregulate the maturation of PV 
cells and impact the timing of the critical period of plasticity [90].

Dysregulation of Melatonin Synthesis and Circadian Rhythms
Dysregulation of melatonin synthesis and melatonin-dependent signaling pathways 
can detrimentally affect memory, learning, and vigilance and has been linked to 
autistic behaviors including anxiety [39]. As we learned in Chap. 8, this hormone 
plays a key role in regulating our circadian rhythms and sleep-wake patterns. 
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Sleep-circadian disorders may worsen symptoms of ASD and may also detrimen-
tally affect neurodevelopment. Even slight impairment in circadian or sleep rhythms 
(and impairment can occur prenatally and postnatally) can increase susceptibility to 
ASD [90]. Studies have found that around 65% of ASD patients have less than 50% 
of mean levels of melatonin, and there is a global deficit in melatonin production in 
ASD [90]. Polymorphisms in ASMT (N-acetylserotonin O-methyltransferase, an 
enzyme involved in melatonin synthesis) which are paralleled by reduced levels of 
circulating melatonin have been found in ASD [92].

Whilst a deeper discussion on how sleep disturbances are involved in ASD is 
beyond the scope of this chapter, an important point is that sleep plays a vital role in 
neuronal development including synaptic pruning, and therefore sleep disturbances 
can potentially detrimentally affect the developing brain. In people with ASD, it is 
therefore vital that clinicians actively address sleep hygiene issues. Sleep has such 
a profound ability to affect our health in so many ways.

 Environmental Factors Contributing to ASD

It has been estimated that environmental factors may contribute to over half of ASD 
cases [80]. Several environmental factors have been identified, including heavy 
metals (lead, mercury, cadmium, arsenic); insecticides; phthalates used in vinyl and 
cosmetics; household cleaning products (e.g., antibacterial soaps), and bacterial or 
viral infections [93]. The heterogeneity demonstrated in ASD may partly relate to 
these diverse environmental factors and exposure period in utero and early post- 
partum [93].

Prenatal valproate (VPA) exposure in rats showed early deficits in social com-
munication and discrimination, compromised sociability and social play, increased 
anxiety, and stereotypies in offspring, confirming that ASD-like effects are induced 
by prenatal valproate. VPA-exposed rats showed altered phosphorylation of CB1 
receptors in different brain areas, associated with changes in anandamide (AEA) 
metabolism from infancy to adulthood. Inhibition of AEA breakdown rescued the 
behavioral deficits, suggesting that abnormalities in anandamide activity underpin 
the behavioral effects seen [44]. In a similar way, acetaminophen modulates the 
ECS to elevate AEA levels [94]. The use of acetaminophen after measles- mumps-
rubella vaccination was significantly associated with ASD in young children when 
considering children 5 years or younger (OR 6.11, 95% CI 1.42–26.3), when cases 
were limited to children with regression in development (OR 3.97, 95% CI 
1.11–14.3), and when limited only to children who had post-vaccination sequelae 
(OR 8.23. 95% CI 1.56–43.3), and this was after adjusting for age, gender, mother’s 
ethnicity, and presence of concurrent illness at time of vaccination [95]. Use of ibu-
profen after MMR vaccination was not associated with ASD [95].
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Vaccine Damage and ASD
The study just mentioned brings us to another possibility in terms of environmental 
factors that may be associated with ASD. Whilst no one wants to hear this, not the 
least pharmaceutical companies who manufacture them and government bodies 
which might have patents on many of them, childhood vaccines have been associ-
ated with the development of ASD. This topic is contentious and tends to inflame 
emotions in many people, both medical and nonmedical. Medical practitioners are 
reported to have lost their licenses to practice as a result of speaking publicly about 
the topic, effectively silencing open and frank discussion about vaccine safety and 
its relationship to public health. A detailed discussion of vaccine associations with 
ASD or other disorders is beyond the scope of the book.

 Neuronal Hyperexcitability Hypothesis

A key hypothesis concerning the etiology and pathogenesis of ASD is the neuronal 
hyperexcitability hypothesis which may help explain the higher incidence of epi-
lepsy in people with ASD as well as sensory hyperactivity [96, 97]. Elevated corti-
cal excitability is proposed as a key neurobiological characteristic of many ASD 
patients, a model supported by genetic and epigenetic evidence including GABA 
and glutamate system alterations [97].

Glutamate is an excitatory neurotransmitter, whilst GABA is an inhibitory neu-
rotransmitter. ASD is characterized by an imbalance between excitation and inhibi-
tion of glutaminergic and GABAergic signaling in different brain structures [98]. 
Several different lines of evidence suggest that glutamate and GABA systems may 
be altered in ASD [99]. Such evidence includes postmortem, genetic and human 
proton magnetic resonance spectroscopy (MRS) studies indicating abnormalities in 
prefrontal and basal ganglia glutamate and GABA pathways [13, 99, 100] and dif-
ferences in excitatory-inhibitory responsivity to pharmacologic challenge [99] in 
people with ASD. These brain regions have been linked to core symptoms of ASD 
[13]. The ECS is involved in modulating the balance of GABAergic and glutamater-
gic transmission [101] and, thus, likely plays a significant role in ASD pathology 
and management. This will be discussed more shortly.

Further evidence is found in EEG studies where epileptiform EEG activity was 
recorded in ASD children without epilepsy [102]. A study of 889 ASD patients with 
no known genetic conditions, brain malformations, or clinical seizures found that 
60.7% had abnormal EEG epileptiform activity during sleep [102]. This supports 
the “intense world theory” that associates symptoms of ASD and excessive neuronal 
activity and connectivity in the central nervous system (CNS) [97, 103].

Lines of evidence supporting the neuronal excitability theory include the follow-
ing findings in association with ASD:

• Reduced expression of GABA-related genes in the cerebellum and parietal cortex
• Reduced levels of GABAergic neurons
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• Reduced binding at GABA receptors in parts of the brain including the hippo-
campus and anterior posterior cingulate gyrus

• Increased glutamate receptors and glutamate transfer proteins
• Elevations in mRNA levels of glutamate system-related genes
• Histone modifications associated with a glutamate receptor gene [97]

Magnetic resonance spectroscopy findings also support neuronal hyperexcitabil-
ity in ASD with lower levels of GABA found in several brain areas including motor, 
somatosensory, visual, and auditory cortices and increased glutamate levels found 
in occipital region and auditory cortex (see Takarae and Sweeney [97] for the indi-
vidual studies).

Other Neurotransmitter Involvement
According to Bourgeron [53], although glutaminergic synapses are thought to play 
a key role in ASD susceptibility, other synapses including GABAergic and glycin-
ergic synapses may also be involved in some ASD patients. Yet other neurotransmit-
ters may also be involved in ASD pathology. For example, neurotransmitters 
oxytocin and vasopressin are modulators of social behaviors [104], including 
reward, and social reward is a key aspect of social functioning that is impaired in 
ASD [51].

 Immune System Activation and Inflammation

There is evidence of early immune activation in individuals with ASD, with chronic 
peripheral and central alterations in the inflammatory response occurring in 
ASD. Clinical and postmortem data indicate that ASD patients present an altered 
neuroinflammatory response throughout their lives which may be an ongoing etio-
logical factor contributing to the condition [93].

There is much interaction between the immune system and the nervous system, 
and immune dysfunction is commonly present in neurological conditions. Cytokines 
facilitate communication between these systems [105]. Cytokines are proteins that 
control the immune response and are produced by immune cells (macrophages, 
dendritic cells, neutrophils, T cells, B cells) though other types of cells like neurons 
produce and respond to them. They are structurally similar and share signaling path-
ways with neurotrophins and neurological growth factors [105].

Altered Cytokines in ASD
Cytokines mainly act as mediators of immune activity and have important interac-
tions with the nervous system [105]. Since cytokines participate in normal neural 
development and function, it is possible that dysregulation of cytokines may con-
tribute to the neural dysfunction seen in ASD [105]. Rodent studies support involve-
ment of elevated cytokines in behavioral symptoms of ASD, during development 
and adulthood [93]. Dysregulation includes differential monocyte responses, 
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abnormal T helper cytokine levels, decreased T-cell mitogen response, decreased 
numbers of lymphocytes, and abnormal serum immunoglobulin levels [106].

ASD patients typically have elevated blood levels of pro-inflammatory cytokines 
including IL-6, TNF-α, and IL-8 and decreased levels of anti-inflammatory cyto-
kines including TGF-β and IL-10 [48]. IL-6 is an important cytokine required for 
CNS functioning, homeostasis, cognition, memory, and learning. Increased or 
decreased levels can both lead to problems. Higher levels of circulating IL-6 have 
been found in both children and adults with ASD [105, 107, 108]. Increased levels 
of nuclear factor kappa-B (NF-κB, a transcription factor involved in regulation of 
cytokines, B cell and T cell expression, and CNS development) have also been 
found in relation to ASD [52]. Lower levels of immune mediators like TGF-β1 have 
been found to be associated with worsening of symptoms in children with ASD 
[48, 105].

IL-4, generally considered neuroprotective, has several roles in the nervous sys-
tem. Several different studies have found that ASD patients have increased levels of 
IL-4 and IL-4-producing Th2 cells compared with healthy controls, with this 
increase in IL-4 in ASD possibly a response by the immune system to regulate other 
detrimental processes (rather than contributing to the pathogenesis) [105]. For 
example, the neonatal blood was examined in 214 children with ASD, 62 children 
with typical development and 27 children with developmental delay who partici-
pated in the Childhood Autism Risks from Genetics and Environmental Study. The 
study found that IL-1β and IL-4 were independently associated with ASD (com-
pared to normal development), with increased IL-4 being associated with a 40% 
increased odds of severe ASD (odds ratio 1.40, 95% CI 1.03–1.91) and IL-1β being 
associated with a much greater odds of mild/moderate ASD (odds ratio 3.02, 95% 
CI 1.43–6.38) [109]. IL-1β plays a role in CNS pathology and healing, and a bal-
ance between IL-1β and its antagonist IL-1ra is necessary for normal brain develop-
ment and functioning. Alterations to IL-1β systems may occur due to genetic 
mechanisms or environmental factors, and this may contribute to ASD [105].

Peripheral cytokines have been shown to affect different behaviors (including 
sickness behavior and depression) by increasing the expression of brain cytokines. 
The possibility has been suggested that the high peripheral and/or central cytokine 
expression and the inflammatory response observed in ASD may be responsible for 
some of the abnormal behaviors associated with ASD, as suggested by animal mod-
els; however, more research is required to clarify this [93].

Microglial Activation and Increased Brain Cytokines
Within the brains of ASD patients, there is a significant increase in activation of 
microglia and astroglia and increased production of pro-inflammatory and anti- 
inflammatory cytokines [50]. ASD patients show increased astro- and microgliosis 
in the cortex and the cerebellum, and increased expression of cytokines (IL-6, TNF- 
α, MCP-1, TGF-β1, IFN-γ, IL-8) and other genes associated with the immune 
response have been reported in these brain regions and in cerebrospinal fluid [93].

A study that assessed the levels of cytokines in the brains of ASD patients com-
pared with age- and gender-matched normal subjects found significant increases in 
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proinflammatory cytokines (TNF-α, IL-6, and GM-CSF), Th1 cytokine (IFN-γ), 
and chemokine (IL-8) but not Th2 cytokines (IL-4, IL-5, and IL-10) in the brains of 
ASD patients compared with controls. The Th1/Th2 ratio was significantly increased 
in ASD patients, compared with controls. The researchers concluded that there is an 
increased innate and adaptive immune response operating via the Th1 pathway, sug-
gestive of involvement of localized brain inflammation and autoimmune disorder in 
the pathogenesis of ASD [110]. The findings of this study contrast with what was 
found in the Childhood Autism Risks from Genetics and Environmental Study men-
tioned previously which examined neonatal blood and found that increased IL-4 
was associated with a greater odds of severe ASD [109]. In that study, the increased 
IL-4 was explained as possibly reflective of a response by the immune system to 
regulate other detrimental processes (rather than contributing to the pathogenesis).

Maternal Immune Activation and Inflammation
Research indicates support for a role of inflammation and maternal immune activa-
tion in ASD and ASD-like behaviors [93, 111–114]. Maternal immune activation 
can alter the levels of specific cytokines in the maternal serum, the placenta, and 
fetal brain. During development, cytokines and chemokines are expressed at very 
low levels in the brain under normal circumstances, where they play a role in neu-
ronal and glial cell migration, differentiation, and synaptic maturation. However 
increased levels of particular brain cytokines and/or chemokines in the maternal 
blood due to maternal immune activation could reach the fetal brain, thereby impact-
ing on brain development [93].

Several studies in humans lend support to the notion that maternal inflammation 
is involved in the pathogenesis of ASD [111–114]. For example:

• A Danish cohort study found elevated levels of tumor necrosis factor-α (TNF-α) 
and TNF-β in amniotic fluid were associated with increased risk of ASD among 
offspring [112]. In the amniotic fluid of males, increased levels of IL-4, IL-5, and 
IL-10 were also found [112].

• A Finish study found that early gestational levels of (inflammatory marker) 
C-reactive protein (CRP) (prospectively assayed in maternal sera in a large 
national birth cohort) were significantly associated with autism in children. For 
maternal CRP levels in the highest quintile, the risk was 43% higher than for 
maternal CRP levels in the lowest quintile [113].

• The Early Markers of Autism Study examining archived maternal serum samples 
from mid-pregnancy found that significantly increased levels of interferon-γ 
(IFN-γ), interleukin-4 (IL-4), and interleukin-5 (IL-5) were all associated with 
ASD [114].

Animal models of maternal immune activation have also demonstrated that the 
maternal inflammatory response can affect the normal early programming of 
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different behaviors, including sociability, communication, and the regulation of ste-
reotypic behavior [93]. Since neurological development of the brain continues after 
birth, postnatal infections and postnatal immune activation may also affect neuronal 
maturation and survival [93]. However, the literature has been equivocal about the 
association of early life infections and ASD in humans, with some studies support-
ing and others not finding an association [93].

Chronic Inflammatory Disease in ASD
Chronic inflammatory diseases and abnormal response to infection of different 
blood cell populations have been found in both children and adults with ASD [93]. 
For example, ASD patients suffer from chronic gastrointestinal disturbances [115]. 
In children with ASD, peripheral blood mononuclear cells and lymphoblasts pro-
duced excessive proinflammatory cytokines (IL-1β, IL-6, and TNF-α) basally and 
after LPS stimulation compared with controls [116, 117].

 Microbiota-Gut-Brain Axis

A healthy microbial composition is important to health. An increasing number of 
studies show that the gut microbiota can modulate important processes during 
development, including neurogenesis, myelination, glial cell function, synaptic 
pruning, and blood-brain barrier permeability [118].

Gut Dysbiosis and ASD
Dysbiosis, often found in gut-related diseases/conditions such as inflammatory 
bowel disease and diabetes and obesity, has also been found in ASD [119]. Autistic 
children show an altered metabolism and absorption of disaccharides in their gut, 
and increased intestinal permeability has been observed in ASD patients [118].

Frequent gastrointestinal (GI) symptoms appear to be related to behavioral prob-
lems in children with ASD, with behavioral issues including social withdrawal, irri-
tability, hyperactivity, stereotypies, and inappropriate speech occurring more often 
in those children with ASD and frequent GI complaints compared with children 
with ASD without frequent GI complaints [120].

Bacterial and Viral Infections
There is some research to suggest that chronic viral and bacterial infections could 
underlie the chronic inflammatory status observed in ASD patients. For example, 
certain viruses and bacteria have been associated with the high incidence of gastro-
intestinal problems observed in ASD [93]. Individuals with ASD with GI distur-
bances have significantly higher numbers of potential bacterial pathogens including 
several Clostridia species (C. bolteae, C. histolyticum, C. perfringens) and Sutterella 
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species and significantly lower levels of Bifidobacterium [23, 120]. Toxins produced 
by bacteria may contribute to gut dysbiosis [120].

In addition, in children with ASD, reduced gut microbial diversity and chronic 
peripheral low-grade inflammation have been found, along with increased TNF-α, 
TGF-β, and other immune factors [121].

Gut Integrity
The importance of the gut-brain axis in health is now well established. Gut microbes 
communicate to the CNS through at least three parallel and interacting channels 
involving nervous, endocrine, and immune signaling mechanisms [122]. In the ASD 
brain, there is an altered expression of genes associated with blood-brain barrier 
(BBB) integrity coupled with increased neuroinflammation and possibly impaired 
gut barrier integrity. Claudins (CLDNs) are a family of proteins which are compo-
nents of tight junctions (along with occludin). Postmortem cerebral cortex and cer-
ebellum tissues and duodenal biopsies from ASD patients found 75% of the ASD 
samples analyzed had reduced expression of barrier-forming tight junction compo-
nents (CLDN-1, OCLN, TRIC), whereas 66% had increased pore-forming CLDNs 
(CLDN-2, CLDN-10, CLDN-15) compared to controls [123].

Multimodal Approach to Treatment
Considerable evidence is accumulating to suggest gastrointestinal symptoms and 
ASD-related symptoms may be able to be modified with a multimodal approach. An 
open-label trial in 18 ASD patients of Microbiota Transfer Therapy (MTT), includ-
ing antibiotics, a bowel cleanse, a stomach-acid suppressant, and fecal microbiota 
transplant, demonstrated significant improvements in gastrointestinal symptoms, 
autism-related symptoms, and gut microbiota immediately and for 2 years after, 
with autism-related symptoms showing even more improvement after the end of 
treatment [124].

Now that we have examined many of the various possible pathomechanisms 
underpinning ASD, let us now look at how the endocannabinoid system, a major 
neuroregulatory system of the body, is involved too.

 The Endocannabinoid System in ASD Pathology

Dysregulation of the endocannabinoid system (ECS) is implicated in the etiology 
and pathogenesis of ASD. Much of the research is found from animal studies.

Indirect evidence of involvement of the ECS in ASD comes from its role in regu-
lating many of the processes altered in ASD including social interactions, emotions, 
cognition, learning, memory, circadian rhythms, seizure susceptibility, and nocicep-
tion [44, 98]. As we have seen in earlier chapters, the ECS plays an important role 
in neurodevelopment and is a major regulator of synaptic plasticity [45], and we 
also know that disturbances to neural development appear to underlie ASD. The 
ECS is involved in the modulation of many cellular functions and molecular path-
ways altered in ASD, such as imbalanced GABAergic and glutamatergic 
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transmission, oxidative stress, inflammation, altered energy metabolism, and 
immune dysregulation. Genetic and environmental factors may also impact on the 
ECS. Evidence from animal and human studies implicates the ECS is implicated in 
four key features of ASD in particular: neural development, social reward respon-
sivity, anxiety, and circadian rhythm alterations [1].

In this section, we will discuss some of the ways in which the ECS is involved in 
regulation of some of the behavioral aspects characteristic of ASD and how dys-
regulation of the ECS may be involved in the pathogenesis of ASD. We have already 
covered the topics of anxiety and sleep disorders in previous chapters.

 ECS and Regulation of Neurotransmitter Excitation 
and Inhibition in ASD

According to Zamberletti et  al. [98], given the role that CB1 receptor signaling 
plays in synaptic plasticity at both excitatory and inhibitory synapses and its role in 
regulation of maturity of excitatory and inhibitory neurons, it is conceivable that 
ECS dysfunction could contribute to ASD through imbalances between excitatory 
and inhibitory neurotransmission. Abnormal CB1 receptor signaling in early brain 
development stages could lead to disruption of the optimal balance of excitation/
inhibition and increase susceptibility to ASD [98].

There is some evidence implicating changes in CB1 receptors in the pathogene-
sis of ASD. For example, postmortem studies have shown decreased levels of CB1 
receptors [84]. CB1 receptor blockade has been shown in animal models of Fragile 
X syndrome to improve cognitive deficits [98].

Fragile X Model of ASD
As discussed previously, Fragile X is a genetic disorder due to Fmr 1 gene muta-
tions and is a leading monogenetic cause of ASD.  Research suggests that FXS 
abnormalities may be underpinned by dysregulation of ECS pathways in the central 
nervous system, including decreased stimulation of cannabinoid receptors [83].

Fmr 1 knockout mice are used as an animal model of FXS, and the animals 
show behaviors mimicking ASD in humans (memory deficits, hyperactivity, 
repetitive behaviors, altered social behaviors, anxiety, etc.), and they also show 
abnormal dendritic spines and altered glutaminergic and GABAergic neurotrans-
mission (which supports the idea that FXS involves excitatory and inhibitory neu-
rotransmission defects) [98]. Studies in Fmr 1 knockout mice provide some 
evidence that changes in the ECS may contribute to symptoms of FXS and that 
endocannabinoid signaling modulation could potentially address some of the 
symptoms of FXS. For example, experiments have shown that endocannabinoid-
mediated long-term depression occurs at excitatory synapses in the forebrain of 
Fmr1 knockout mice and that administration of a MAGL inhibitor (which 
enhances 2-AG signaling) could correct this depression and improve hyperloco-
motion and anxiety-like responses in these mice. Other experiments in  Fmr 1 
knockout mice  demonstrated  that  enhancement of AEA signaling by blocking 
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FAAH reversed social impairment and improved aversive memory and anxiety-
like behavior. See Zamberletti et al. [98] for a discussion of the individual studies. 
Such studies demonstrate the potential for manipulation of endocannabinoid sig-
nalling to positively impact on ASD-like behaviors.

 Abnormal Endocannabinoid Signaling in ASD

There is evidence of abnormal endocannabinoid signaling in ASD. This may relate 
to lower endocannabinoid tone, as well as oxytocin-driven AEA signaling.

Lower Endocannabinoid Tone in ASD
Several animal models support the contention that reduced endocannabinoid tone is 
involved in the pathogenesis of ASD, and activation of the ECS was found to reverse 
autistic symptoms (see Aran et al. [125]). Rodent ASD models suggest that altered 
AEA signaling may contribute to the communication and social deficits that charac-
terize ASD and support the contention that fatty acid amide hydrolase (FAAH, the 
enzyme that breaks down AEA) is involved in regulation of social behavioral defi-
cits [98]. In various animal ASD models, enhancing AEA signaling by inhibiting its 
degradation appears to promote prosocial effects [98].

In children, analysis of blood samples has demonstrated that those with lower 
AEA levels were significantly more likely to have ASD and that AEA concentra-
tions were significantly lower in ASD compared with control children [126]. In 
another study, lower plasma levels of AEA and two ECS-related compounds 
N-palmitoylethanolamide (PEA) and N-oleoylethanolamide (OEA) were found in 
children with ASD compared to normal children [45]. Plasma levels of polyunsatu-
rated fatty acids, components of endocannabinoids, and endocannabinoid-like sub-
stances have also been found to be lower in patients with ASD [127]. A systematic 
review found that compared with normally developed, ASD was associated with 
significantly lower levels of docosahexaenoic acid (DHA), eicosapentaenoic acid, 
and arachidonic acid and higher levels of n-6 long-chain PUFA/n-3 long-chain 
PUFA ratio [127].

A study in women who had already had a child with ASD and were pregnant or 
planning a pregnancy followed the children born to these women longitudinally for 
36 months. The study found that mothers consuming more total omega-3  in the 
second half of the pregnancy had a substantially reduced likelihood (40% less 
likely) to have a child with ASD (RR 0.6, 95% CI 0.3–0.98). There were no signifi-
cant associations found between maternal trimester 3 plasma PUFA subtype con-
centrations and risk of ASD, but higher plasma eicosapentaenoic acid and 
docosahexaenoic acid concentrations were found to be associated with lower risk of 
non-typical development (RR 0.47–0.88) [128].

This is an important point that we continue to come back to: diet is very impor-
tant in any disease, and we know that the typical western diet has a ratio that is very 
skewed toward higher omega 6 polyunsaturated fatty acids (PUFAs) compared with 
omega 3 PUFAs.

10 Autism Spectrum Disorder



481

There are other lines of evidence suggesting that secondary abnormal endocan-
nabinoid signaling may contribute to ASD [51]. For example, we met neuroligan-3 
earlier, and we know that neuroligans bind with neuroexins to facilitate synapse for-
mation. Neuroligan-3 is needed for tonic secretion of AEA and 2-AG, and we also 
know from mice experiments that mutations in neuroligan-3 are implicated in ASD 
[129]. This all supports involvement of impaired endocannabinoid signaling in ASD.

AEA and Oxytocin Signaling
The neuropeptide oxytocin and the peptide arginine vasopressin are believed to play 
a role in ASD etiology, in particular in relation to the social impairment found in 
ASD [4]. Oxytocin promotes social bonding, and social reward is regulated by oxy-
tocin-dependent activation of the ECS in the nucleus accumbens (which we know is 
a key reward center of the brain) [51]. Oxytocin stimulates AEA release in the 
nucleus accumbens, and AEA-mediated signaling is required for the prosocial 
effects of oxytocin [130]. Research implicates defective oxytocin-driven AEA sig-
naling in ASD [51, 98, 130].

Increased AEA levels (via FAAH blockade) acting at CB1 receptors reversed 
ASD-related social impairment in two different mouse models of ASD, and this was 
independent of any anxiolytic effect [51]. The researchers concluded that FAAH 
might be a novel target for ASD [51]. Administration of oxytocin to ASD patients 
can improve processing of social behaviors, improve emotional recognition, 
strengthen social interaction, decrease repetitive behaviors, and increase eye gaze 
[4, 131].

Research in rats also shows that oleoylethanolamide (OEA), one of the 
endocannabinoid- like substances in our bodies, restored normal oxytocin receptor 
density in the striatum, induced an increase in oxytocin mRNA levels in the para-
ventricular nucleus, and decreased corticotropin-releasing factor (CRF) mRNA lev-
els in the central amygdala [132].

 ECS and Regulation of Social Behavior

Observations of human behavior support the notion that the ECS affects social 
behavior—for example, acute intoxication with cannabis often leads to less hostile 
feelings and feeling more connected and empathetic and interacting more with oth-
ers [133, 134] . However, it is animal research which provides evidence of involve-
ment of the ECS in regulation of many of the behavioral aspects of ASD like social 
behavior and that dysfunction of the ECS may underpin many of the behavioral 
aspects of ASD.

Endocannabinoids are key modulators of socio-emotional responses which we 
know to be disturbed in ASD [44]. Rodent studies indicate that the ECS controls 
emotional responses, behavioral reactivity to context, and social interaction, and it 
appears that AEA is particularly relevant [1, 135–137]. For example, in one rat 
study, adolescent rats were allowed to interact with another rat under two different 
conditions—one in which the other rat was a familiar social partner and the other in 
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which the other rat was a non-familiar social partner. The non-familiar social 
encounter significantly increased AEA levels in the striatal region (but not other 
brain regions) of rats compared with non-social controls and rats which were 
exposed to a familiar partner. No changes were found in FAAH or 2-AG. They con-
cluded that striatal AEA levels were important in emotional arousal resulting from 
a non-familiar social encounter and are likely to be important in coping to new 
social contexts [135].

Another study in rats demonstrated that FAAH is involved in regulation of social 
deficits and that FAAH inhibition could attenuate the social behavioral deficits in 
male rats prenatally exposed to valproate, but this effect was not duplicated in 
female rats [138]. Prenatal valproate exposure has previously been shown to be 
associated with changes in the rat brain ECS, and in an earlier experiment, tissue 
levels of AEA, palmitoylethanolamide (PEA), and oleoylethanolamide (OEA) were 
found to be higher in the hippocampus of prenatal VPA-exposed rats immediately 
after social exposure [139] (see later section on Environmental Toxins, the 
Endocannabinoid System, and ASD).

As pointed out by Aran et al. [45], research has demonstrated that CB1 receptors 
and their ligands AEA and 2-AG regulate social play and anxiety in animals [140–
142] and in humans [143, 144]. Studies in rats have elucidated key brain regions that 
are sites of action of cannabinoids in modulation of reward and social behavior. For 
example, a rat study found that social play increased AEA levels in the amygdala 
and nucleus accumbens, however, no change was found in the prefrontal cortex or 
hippocampus. Blockade of AEA hydrolysis increased social play behavior. The 
AEA hydrolysis inhibitor was injected into various parts of the brain, and effect on 
social behavior is observed. They found that increased AEA signaling in the amyg-
dala and nucleus accumbens increases social play and that the basolateral amygdala 
was a key site of action for endocannabinoid modulation of the reward component 
of social interactions [142].

Another study used a particular mouse model of autism in which the mice have 
an imbalance in excitatory and inhibitory synaptic activity in the hippocampus and 
somatosensory cortex and display heightened aggression. Knowing that the amyg-
dala plays a role in modulating aggressive behavior, they investigated the activity in 
the basolateral amygdala and found that these mice also had increased amplitude of 
excitatory currents and reduced amplitude of postsynaptic inhibitory currents. Mice 
administered a CB1 receptor agonist demonstrated reduced aggressive behavior, 
suggesting that CB1 receptor agonists might be promising therapeutic targets for 
reducing aggression [145].

These studies in rodent models of ASD provide evidence of involvement of the 
ECS in various key brain regions associated with social behavioral aspects of ASD, 
as well as alterations in synaptic activity.

There may be a genetic basis for some of the social behavioral anomalies found 
in ASD. We will now explore the evidence for this.
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 Genetic Changes, the Endocannabinoid System, and ASD

There may be a genetic basis for some of the social behavioral anomalies found in 
ASD that involves the ECS. The striatum is a key region of the brain involved in 
reward processing and in directing gaze. The ECS is involved in the functioning of 
the striatal circuit, working alongside the mesolimbic dopaminergic system. Animal 
and human studies indicate high levels of CNR1 expression in the striatum as well 
as in the caudate, putamen, internal globus pallidus, and substantia nigra and shell 
of the nucleus accumbens, and this gene is believed to modulate striatal dopamine 
release via mechanisms involving GABAergic and glutaminergic synapses. The 
main mechanism encoding for reward is phasic dopamine release from the stria-
tum [146].

Variations in the CNR1 gene may underlie atypical social reward responsivity 
in ASD [1]. Humans generally look longer at rewarding stimuli like happy faces, 
but ASD is characterized by atypical gaze fixation patterns where this is not the 
case. Human neuroimaging studies [147, 148] and eye movement studies [146] 
revealed associations between polymorphisms in CNR1 and social gaze and social 
reward responsivity, providing some evidence that alterations of CB1 receptors 
may contribute to deficits in social reward processing in ASD [98]. One study 
measured gaze patterns of 30 individuals from the general population who 
observed dynamic emotional expressions on a screen. They found that specific 
SNPs in the CNR1 gene in ASD were associated with differences in gaze duration 
for happy faces but not for disgust faces. Functional MRIs conducted showed that 
the allelic groups associated with a greater striatal response to happy faces were 
associated with longer gaze duration also. Such studies provide evidence that the 
CNR1 gene is involved in social reward processing, something that is impaired in 
ASD [146].

Mutations in Neuroligans and Endocannabinoid Signaling in Autism
Research indicates that several genes, including those coding for neuroligins and 
neurexins (which, to recap from an earlier section, are involved in brokering syn-
apses), are associated with ASD [1, 87]. More than 30 neuroligin gene mutations 
have been found to be associated with ASD in humans [129]. This includes a neuro-
ligan- 3 (NL3) point mutation (the R451 substitution) and a NL3 deletion [129]. 
Mice studies indicate that these two autism-related mutations in neuroligin-3 are 
associated with deficits in social behavior and disrupted tonic endocannabinoid sig-
naling [129, 149]. Mice studies have demonstrated that neuroligan-3 is essential for 
tonic endocannabinoid signaling and that both mutations (R451C substitution and 
neuroligin- 3 deletion) impaired tonic but not phasic endocannabinoid signaling 
[129]. Given that both the R451C substitution and neuroligan-3 deletion are associ-
ated with ASD, this provides support for the involvement of endocannabinoid sig-
naling in ASD [129].
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 ECS, Regulation of the Immune System, 
and Inflammation and ASD

The ECS is a key regulator of the immune system via CB2 receptors which are 
highly expressed on macrophages and microglial cells [49]. It is known that changes 
in the immune system associated with ASD involve alterations in macrophage and 
monocyte responses, as well as increased levels of pro-inflammatory cytokines, and 
that these changes are mediated by dysfunction of the ECS [150]. Thus, the ECS is 
a potential therapeutic target for treatment of ASD [150].

The ECS may modulate ASD symptoms by interacting with immune system 
cells. For example, CB2 receptors (but not CB1 receptors) have been found to be 
upregulated in peripheral blood mononuclear cells in children with ASD [151] and 
blood monocyte-derived macrophage cells in patients with ASD [49]. The simulta-
neous upregulation of CB2 receptors and downregulation of NAPE-PLD in this type 
of immune cells provides some evidence of ECS mediation of immune- mediated 
changes in ASD [152] and supports the theory that the ECS may play a role in the 
immunological dysfunctions associated with ASD [98]. Given the potential role of 
inflammation in ASD (discussed in detail earlier), the increase in CB2 expression 
may actually be compensatory, counteracting the pro-inflammatory responses 
implicated in ASD [1].

 Environmental Toxins, the Endocannabinoid System, and ASD

Prenatal valproate (VPA) exposure is associated with alterations in the brain’s ECS 
and supports the hypothesis that endocannabinoid dysfunction may underlie behav-
ioral abnormalities observed in ASD. Studies in rats help us understand some of the 
changes occurring. Prenatal VPA exposure in rats was found to be associated with 
ASD-like behavior during adolescence. It was also associated with a reduction in 
DAGLα and MAGL expression in the hippocampus and cerebellum, reduced 
PPAR-α and GPR55 mRNA expression in the frontal cortex, and reduced PPARϒ 
and GPR55 mRNA expression in the hippocampus. There were no changes in CB1 
or CB2 receptor gene expression found in the frontal cortex, hippocampus, or cer-
ebellum in VPA-exposed mice compared with control mice.

Following exposure of VPA-exposed rats to a sociability test, 2-AG levels were 
not altered, but AEA, OEA, and PEA levels were found to be increased in the hip-
pocampus [139]. PPAR-α, PPAR-γ, and GPR55 are considered part of the endocan-
nabinoidome [153]. Such findings suggest that in adolescent rats prenatally exposed 
to VPA, alterations in the ECS might underpin some of the ASD-like behaviors 
demonstrated [139].

There are many other environmental toxins that have been implicated in the eti-
ology and pathogenesis of ASD, and one might surmise that these are likely also to 
impact the ECS, in particular if such toxins are known to be neurotoxins.

10 Autism Spectrum Disorder



485

 ECS, the Gut, and Gastrointestinal Conditions in ASD

The gut clearly is intimately involved with our brain. In fact, it is often referred to 
as a second brain. It would therefore not be at all surprising to think that the involve-
ment of the ECS in ASD may therefore also include mechanisms involving the gut 
(as well as direct effects on the brain and elsewhere).

As we saw earlier, the gut microbiota can modulate important neurodevelopmen-
tal processes such as neurogenesis, myelination, glial cell function, synaptic prun-
ing, and blood-brain barrier permeability [118]. We also know that in ASD, there is 
a higher prevalence of gut-related conditions, that children with ASD have altered 
metabolism and absorption of disaccharides in their gut, and that in ASD patients, 
increased intestinal permeability has been found [118].

The ECS is involved in gut physiology through modulation of gastric emptying, 
gastrointestinal motility, and inflammation. Chronic activation of the ECS was 
found to induce severe metabolic disturbances such as glucose intolerance, infiltra-
tion of macrophages, and lipid accumulation in muscle. Gut microbiota has also 
been proposed to control levels of endocannabinoids in the gut and adipose tissue. 
In addition, microbiota and endocannabinoids have been linked with intestinal 
integrity. Changing the gut microbiota via high-fat diet, prebiotics, probiotics, or 
antibiotics affects CNR1 expression (the gene encoding the CB1 receptor) in the 
intestine. The ECS has also been proposed to control gut-barrier function, gut per-
meability, and metabolic endotoxemia in obese and diabetic conditions through a 
CB1-dependent mechanism, as antagonists of CB1 decrease gut permeability and 
act as “gate keepers” [154].

 Endocannabinoid System and Comorbidities of ASD

Finally, support for the involvement of the ECS in ASD comes from the fact that the 
ECS is involved in many of the comorbidities of ASD including epilepsy/seizures, 
anxiety, and sleep disorders [1]. The ECS is involved in regulating circadian rhythms 
[155], and ASD is associated with atypical sleep patterns and circadian rhythms 
[156]. The ECS regulates our stress response and emotions including anxiety, as 
discussed in Chap. 5.

 How CBD May Work in Autism Spectrum Disorder

CBD has multiple potential targets which may be relevant in its use in treating ASD:

• Actions on glutamate and GABA
• Neurogenic effects
• Anti-inflammatory actions
• Enhancing mitochondrial functioning
• Regulating mTOR
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• Actions on ECS including increasing endocannabinoid tone
• Recovering gastrointestinal function
• Actions in reducing comorbidities of ASD including anxiety

 Actions of CBD on Glutamate and GABA

The actions of CBD on glutamate and GABA may be important in ASD, given that 
an imbalance between excitation and inhibition of glutamatergic and GABAergic 
signaling in different brain structures has been demonstrated in ASD [13, 98]. 
Animal research indicates that CBD helps regulate brain excitatory glutamate and 
inhibitory gamma-aminobutyric acid (GABA) levels, including in regions of the 
brain such as basal ganglia and the dorsomedial prefrontal cortex (DMPFC) which 
are regions linked to ASD, thereby influencing signaling pathways [13]. CBD can 
facilitate glutamate and GABA neurotransmission across the brain through agonism 
at transient receptor potential villanoid type 1 (TRPV1) receptor and may increase 
GABAergic transmission via antagonism at GPR55, in particular in the basal gan-
glia [13]. CBD is also believed to act as an agonist at prefrontal 5-HT1A receptors, 
suppressing glutamate and GABA transmission [13].

A study was conducted using magnetic resonance spectroscopy in 34 adults (17 
with ASD, 17 neurotypicals) after a single dose of CBD (600mg) or placebo. CBD 
increased subcortical but decreased cortical (excitatory) glutamate in both groups. 
CBD increased (inhibitory) GABA levels in the basal ganglia and DMPFC in neu-
rotypicals but decreased GABA levels in these areas in autistic adults. Thus, it 
appears that CBD modulates glutamate-GABA systems, and prefrontal-GABA sys-
tems respond differently in ASD [13].

 Possible Neurogenic Effects of CBD

Research has shown that increasing AEA levels can increase neurogenesis in the 
brain and replace dysfunctional neurons [150, 157]. In a mice study, CBD was 
shown to increase AEA levels in the hippocampus and increase neurogenesis in 
chronically stressed mice [158]. It has been hypothesized that given that new neu-
rons migrate the from hippocampus to cortex, providing they follow the appropriate 
endocannabinoid gradients, they might gradually improve the symptoms of 
ASD [150].

We also know that ASD is related to altered BDNF levels, with some studies 
finding higher levels and some lower, with one study suggesting that lower levels of 
BDNF might indicate impairment of neuroprotective mechanisms and higher levels 
might imply a manifested protective response [67]. A study in animals showed that 
CBD can induce rapid, sustained antidepressant effects, and this was associated 
with increased BDNF levels in the mPFC and hippocampus. The antidepressant 
effect appeared to be associated with rapid changes in synaptic plasticity in the 
mPFC and mediated via activation of the BDNF-Trk signaling pathway [159]. 
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Whether or not this is relevant to ASD is unknown; however, since depression is a 
comorbidity of ASD, at the very least, we can see a mechanism by which CBD 
might address one of the pathomechanisms underpinning depression.

 Anti-inflammatory Action of CBD

CBD’s anti-inflammatory actions are likely to be relevant in the treatment of ASD 
given evidence of involvement of inflammation. Several studies have demonstrated 
the anti-inflammatory and antioxidant effects of CBD in neuroinflammatory mod-
els. For example, short-term CBD treatment in mice after bilateral carotid artery 
occlusion prevented the cognitive and emotional impairments, attenuated hippo-
campal neurodegeneration and white matter (WM) injury, and reduced glial 
response that were induced by the injury [160]. In another mouse study, CBD 
decreased LPS-induced cell margination, compromised BBB integrity, and reduced 
expression of inflammatory cytokines COX-2, TNF-a, and iNOS [161]. CBD also 
protects oligodendrocyte progenitor cells from inflammation-induced apoptosis by 
attenuating endoplasmic reticulum stress through the decrease of caspase-3 induc-
tion via mechanisms that do not involve CB1, CB2, TRPV1, or PPAR-γ receptors. 
The pro-survival effects of CBD in oligodendrocyte progenitor cells were accompa-
nied by decreases in the expression of apoptotic effectors and increased expression 
of the anti-apoptotic Bcl-2 [162].

 CBD and Mitochondrial Functioning

Whilst there is only a little research about the role of mitochondria in ASD per se, it 
is known that two fundamental determinants of neuronal survival as well as viability 
under pathological conditions are calcium homeostasis and metabolic activity, and 
these both rely on mitochondrial function [163]. In a study investigating mecha-
nisms by which CBD exerts neuroprotective effects, an oxygen-glucose depriva-
tion/reperfusion model in a mouse hippocampal neuronal cell line was used [164]. 
The study found that mechanisms of action of CBD included attenuating oxidative 
stress, enhancing mitochondrial bioenergetics, and modulating glucose metabolism 
via the pentose-phosphate pathway, thus preserving both energy and the redox bal-
ance [164].

More studies are needed to understand the potential role of mitochondria, in 
neuroprotection and in reducing oxidative stress and inflammation as it per-
tains to ASD.

 Actions on mTOR Pathway

Hyperactive mTOR-mediated signaling has been proven in some forms of ASD and 
may be a target for pharmacological therapy [165]. CBD may potentially regulate 

How CBD May Work in Autism Spectrum Disorder



488

mTOR as one of the pathways to improvement in ASD. At the current time, we have 
found no studies that discuss CBD effects on ASD through the mTOR mechanism. 
However, there are a number of studies that have shown that CBD modulates the 
mTOR system in other medical conditions. The effects of CBD are often contextual 
as to tissue state of function (e.g., normal or cancerous) or tissue type (e.g., neuronal 
versus glial) or region in the brain. In preclinical studies CBD has been shown to 
differentially regulate mTORC1, reducing its activity in epilepsy and cancer while 
increasing mTORC1 in models of multiple sclerosis (MS) and psychosis [166]. In 
depression activation of the hippocampal BDNF-TrkB-mTOR pathway is essential 
for cannabidiol effects [167]. In schizophrenia studies CBD was antipsychotic 
through selective phosphorylation of the mTOR [168]. Interestingly, in neurons 
CBD stimulates autophagy by facilitating cross-talk by activating ERK1/2 and sup-
pressing AKT independent of mTORC1 [169]. Thus, CBD may benefit ASD by 
modulating mTOR/autophagy toward more normal function and resolving this 
monogenic error.

 Actions of CBD on the Endocannabinoid System

Different animal models of ASD indicate that enhancing anandamide signaling 
through inhibition of its degradation leads to prosocial effects [51, 98]. CBD is 
known to be able to inhibit degradation of anandamide by fatty acid amide hydro-
lase (FAAH). Fatty acid-binding proteins (FABPs) are intracellular carriers that 
transport anandamide to FAAH.  CBD can bind FABPs and thereby block anan-
damide breakdown—this is believed to be one mechanism by which CBD works in 
childhood epilepsy, that is, by increasing anandamide levels [170].

In a mouse model of Dravet syndrome epilepsy, the beneficial effects of CBD on 
inhibitory neurotransmission were mimicked and occluded by an antagonist of 
GPR55, supporting treatment of epilepsy and autistic-like behaviors linked to 
Dravet syndrome with CBD [171]. CBD was shown to prevent permeability changes 
at the blood-brain barrier in an ischemic stroke model mediated by activation of 
PPAR-γ and 5-HT1A receptors [172].

Research in mice has found that CBD attenuates the anxiogenic effects caused 
by chronic unpredictable stress, via effects on the ECS. Whilst the mechanism is not 
completely understood, it seems that the way in which CBD prevents the behavioral 
effects caused by chronic unpredictable stress is probably due to facilitation of 
endocannabinoid neurotransmission and consequent CB1/CB2 receptors activation, 
recruiting intracellular/synaptic proteins involved in neurogenesis and dendritic 
remodeling [173]. Other studies conducted with hippocampal progenitor cells in 
culture showed that the anxiolytic effect of chronic CBD administration in stressed 
mice depends on its pro-neurogenic action in the adult hippocampus by facilitating 
endocannabinoid-mediated signalling [158].
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 CBD’s Potential Role in Recovering the Gastrointestinal System

As we learned previously, gastrointestinal disorders are a common comorbidity of 
ASD.  Although there are no human studies of CBD action on the gut in 
ASD patients as yet, there is substantial preclinical information to suggest a poten-
tially significant benefit of CBD on gut function through multiple mechanisms.

Research indicates that increased intestinal permeability, so-called leaky gut, is 
associated with inflammatory bowel diseases (IBD) [174] and irritable bowel syn-
drome (IBS) [175]. In IBD, there is impairment of the mucosal barrier, increased 
intestinal permeability, and an immunological response promoting inflammation 
[174]. In IBS, increased gut/intestinal permeability has also been linked to low- 
grade intestinal inflammation [176]. Several preclinical studies indicate that CBD is 
protective in intestinal inflammation and inhibits GI inflammation by controlling 
the inflammatory response and the activation of enteric glial cells and maintaining a 
healthy intestinal barrier [177]. For example, in a CaCo-2 cell model, CBD recov-
ered the intestinal barrier in a concentration- and CB1-dependent manner [178]. 
Specifically, CBD and THC were protective against excessive intestinal permeabil-
ity, suggesting that cannabinoids could play an important role in treating inflamma-
tory gastrointestinal diseases such as IBD [178]. Both CBD and PEA were found to 
prevent increased cytokine production in human colon tissue (explants), with CBD’s 
effect blocked by a CB2 receptor antagonist and PEA’s effects blocked by a PPAR-α 
antagonist. Both were found to be anti-inflammatory in IDB and appendicitis 
explants [179], demonstrating promise in the treatment of inflammatory gut 
conditions.

In animal models and in patients with ulcerative colitis, colon inflammation is 
associated with increased AEA levels (but not 2-AG), and this elevation is a physi-
ologic attempt to control inflammation. When an AEA reuptake inhibitor was 
administered in a rat model of colon inflammation, it increased AEA levels and 
simultaneously abolished inflammation [180]. Since CBD has the potential to 
inhibit the degradation of AEA, one might surmise it could also be useful in reduc-
ing colonic inflammation as demonstrated in this study when a AEA reuptake inhib-
itor was used.

In addition, CBD has significant antibacterial effects on Gram-positive strep and 
staph bacteria including antibiotic-resistant strains as well as hepatitis C (HCV) and 
herpes simplex virus (HSV) as well as some types of malaria parasites [181]. 
Furthermore, CBD is a strong inhibitor of microvesicle release from Gram-negative 
bacteria (microvesicles are a means by which bacteria protect themselves from host 
defense and antibiotics and advance their dominance in the gut) [182].

 CBD May Help Treat Other Comorbidities of ASD

Research in humans indicates the CBD may be effective in treating many of the 
comorbidities of ASD including anxiety [183], sleep disorders [184], epilepsy [185, 
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186], addictive behavior [185], and ADHD and hyperactivity [187, 188]. We have 
already discussed in detail how CBD may assist in alleviation of anxiety (Chap. 5) 
and sleep disorders (Chap. 8).

A study in ADHD adults found that a cannabinoid spray (1:1 ratio of THC:CBD) 
significantly improved hyperactivity, impulsivity, and inhibition measures, though 
there was no significant change in cognitive performance [188].

Research has demonstrated the effectiveness of a CBD-enriched oil in children 
with intractable epilepsy, which reduced seizure frequency in 89% of patients [186]. 
Other studies support its efficacy in treating Dravet syndrome and Lennox-Gastaut 
syndrome, severe refractory epilepsy syndromes with onset in early childhood 
[189–194]. A systematic review of four RCTs with 550 patients with Lennox-
Gastaut syndrome and Dravet syndrome concluded that adjunctive treatment with 
CBD was associated with a significant reduction in seizures. A decrease of at least 
50% of all-type seizure frequency occurred in 37% of patients in the 20  mg/kg 
group compared with 21% of placebo-treated patients (risk ratio 1.76, 95% CI 
1.07–2.88). Adverse events occurred in 88% of patients treated with CBD compared 
with 72% of patients taking placebo (RR 1.22, 95% CI 1.11–1.33) [192].

 Combining CBD, Oxytocin, and Melatonin

Recognizing the convergence of neuroendocrine abnormalities in melatonin, oxyto-
cin, and the endocannabinoid system, one study examined the effect of combina-
tions of these in ASD. Thirty autistic patients were assigned to therapy with either 
melatonin alone, melatonin plus CBD, or oxytocin plus melatonin plus CBD and 
evaluated for sleep, anxiety, and social affective improvement. In the 12 patients 
with melatonin alone, anxiety was reduced by 25%. When all three agents were 
combined, 83% of subjects had anxiety reduction although this was not statistically 
significant because of the small numbers involved in the study. However, the social 
affective improvement was significant at 67% for the combined approach [195]. 
This approach is a paradigm shift in the collaborative use of exogenous neurochem-
icals to modulate the common root causes of autism that may have great potential.

 Scientific Evidence of Efficacy: Medicinal Cannabis 
in the Treatment of Autism Spectrum Disorder

In this section, we will examine the evidence for efficacy of medicinal cannabis and, 
in particular, cannabidiol (CBD) in the treatment of ASD.  We will also look at 
potential mechanisms of action of CBD in treating ASD. Much of what we under-
stand about mechanisms of action comes from preclinical research using animal 
models. However, ASD is a condition peculiar to humans and so animal models 
have limitations.

CBD has multiple potential targets which include: modulation of the endocan-
nabinoid system including inhibition of FAAH, reverse agonism of CB1R and 
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modulation of CB2R, as well as independent actions on glutamate and GABA, anti-
inflammatory actions, and actions in reducing comorbidities of ASD including 
anxiety.

It has been hypothesized that CBD provides therapeutic benefit in ASD treatment 
by increasing endocannabinoid tone after inhibiting FAAH activity (and thus 
increasing AEA levels) and that it may also have promoting effects on the number 
of CB2 receptors in peripheral blood mononuclear cells and decrease pro- 
inflammatory cytokines [150].

 Preclinical Research into CBD

Animal studies suggest that CBD may have a positive influence on social behavior, 
which is relevant to ASD. CBD treatment in a mouse model of Dravet syndrome 
effectively reduced seizures and ASD-like behaviors [171]. In one rat model of 
schizophrenia, CBD showed an ability to inhibit MK-801-induced social with-
drawal [196], whilst in another, chronic CBD administration attenuated the deficits 
in social interaction and cognition induced by prenatal infection [197]. In a third 
study, a low dose (1 mg/kg) of CBD increased passive and total social interaction of 
rats, although social interaction in the rats was not improved by CBD at any 
dose [198].

CBD is agonistic at the 5-HT1A receptor and shares similar mechanisms with 
lithium, which indicate a potential role in the treatment of mood disorders [199]. 
Research in mice has shown that CBD has properties common to classic antidepres-
sants [200], and rodent studies have established the anxiolytic effects of CBD, simi-
lar to anxiolytic drugs in various experiments [201–205].

 Fragile X Syndrome
As we learned earlier, several abnormalities characteristic of Fragile X syndrome 
(FXS) appear to have as their basis a dysregulation of the ECS in the CNS, with a 
reduction in endocannabinoid signaling [83]. CBD appears to be able to attenuate 
the reduction in endocannabinoid signaling in animal models of FXS. For example, 
in one mouse model of FXS, deletion of FRMP (fragile X mental retardation pro-
tein, regulator of translation of messenger RNAs involved in synaptic plasticity) led 
to reduced 2-AG and thereby reduced CB1 receptor activation in the CNS [82]. 
However, since CBD has been found to be able to increase 2-AG availability [206], 
CBD has the potential to attenuate one of the abnormal pathways associated with 
FXS [83]. Other animal studies have found that increasing AEA-mediated signaling 
at CB1 receptors can improve social deficits associated with FXS, and CBD is 
known to be able to increase AEA levels (through binding to fatty acid-binding 
proteins and thus inhibiting AEA catabolism)—this is another potential way in 
which CBD might be able to address some of the ECS dysfunction occurring in 
FXS [83]. In addition, it has been hypothesized that CBD may increase synaptic 
plasticity in FXS which has been found to be altered in FXS [83, 207]. CBD may 
also have other mechanisms of action in FXS, including enhancing binding affinity 
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for GABA (GABA receptors are downregulated in FXS mice models) and exerting 
anxiolytic effects via the serotonin 1A receptor [83].

 Human Research

There are only small number of studies published in the literature investigating the 
treatment of ASD with medicinal cannabis [45, 96, 101, 101, 187, 208, 209]. These 
studies all suggest medicinal cannabis may be effective in treating some of the 
symptoms and signs associated with ASD. These studies also indicate that in gen-
eral, medicinal cannabis appears to be well tolerated with only mild side effects. In 
three of the studies, many of the children were able to lower the dose of current 
medications or, in some cases, cease medication [96, 101, 125].

 Retrospective Study: CBD-Rich Cannabis Oil as Adjuvant Treatment
The efficacy and tolerability of CBD-rich medicinal cannabis as adjuvant treatment 
were assessed in a retrospective study of 60 children with ASD and severe behav-
ioral problems (5–18 years). The medicinal cannabis was a 20:1 ratio of CBD:THC 
dissolved in olive oil, sublingual dosage two to three times per day with doses up- 
titrated over 2–4 weeks to effect and tolerability. Mean starting dose was 1mg/kg 
per day, with maximum dose 10 mg/kg per day. Forty-nine children (82% of partici-
pants) were treated with cannabis and medications concomitantly (including anti-
psychotics, mood stabilizers, benzodiazepines, SSRIs, and stimulants).

Mean total daily dose was 3.8 ± 2.6 mg/kg/day CBD and 0.29 ± 0.22 mg/kg/day 
THC for children who received three daily doses (n = 44) and 1.8 ± 1.6 mg/kg/day 
CBD and 0.22 ± 0.14 mg/kg/day THC for children who received two daily doses 
(n = 16). Mean treatment duration was 10.9 ± 2.3 months [125].

The results of 57 patients (3 excluded from analysis) showed improvements in 
behavioral outbreaks (61% of the children), communication problems (47%), anxi-
ety (in 39% of children), stress (in 33% of children), and disruptive behavior (in 
33% of children) [125].

Medication usage changed over the study: of the 49 on pharmaceuticals, 16 chil-
dren (33%) received less medications or lower dosage and 12 (24%) stopped taking 
medications (all received at least 1 antipsychotic), while four children (8%) received 
more medications or higher dose [125].

Most prevalent side effects included hypervigilance leading to aggravation of 
sleep problems (14%) (which was usually resolved by omitting or adjusting the 
evening dose), restlessness, loss of appetite, and nervousness (9% each). Three chil-
dren (5%) stopped the treatment due to side effects that included marked irritability 
after treatment onset in two cases and a psychotic event in one adolescent girl [125].

 Prospective Study in Children with ASD Treated with CBD-Rich Oil
A prospective study was conducted in 188 ASD children (mean age 12.9  ±  7.0 
years, 82% males) treated with medicinal cannabis (the majority cannabis oil con-
taining 30% CBD and 1.5% THC) between 2015 and 2017. Most patients consumed 
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oil with 30% CBD and 1.5% THC, on average 79.5 ± 61.5 mg CBD and 4.0 ± 3.0 mg 
THC, three times a day.

The study found that after 6 months of treatment, of the 93 responding to the 
questionnaire, 28 patients (30.1%) reported a significant improvement, 50 (53.7%) 
moderate, 6 (6.4%) slight, and 8 (8.6%) no change in their condition. More than 
80% of the parents reported a significant or moderate improvement in child global 
assessment.

Quality of life was improved. Prior to treatment, good QoL was reported by 
31.3% of patients and, after 6 months of treatment, reported by 66.8% of patients. 
Prior to treatment, positive mood was reported by the parents in 42% of cases, 
whilst after 6 months, this percentage rose to 63.5% (p < 0.001). Good sleep and 
concentration were reported by 3.3% and 0.0%, respectively, prior to treatment, and 
this rose to 24.7% and 14.0%, respectively, during treatment (both statistically sig-
nificant improvements).

Other improvements after 6 months included in relation to seizures as follows: of 
13 patients with seizures still on treatment at 6 months, 11 reported disappearance 
of symptoms and 2 reported improvement. Restlessness and rage attacks improved 
in 72 patients (91%) and 66 patients (90.3%), respectively.

Regarding medication use from the same 93 patients, 67 reported use of chronic 
medications at the study baseline. At 6 months, six patients (8.9%) reported an 
increase in their drug consumption, 38 patients (56.7%) reported their drug con-
sumption remained the same, and 23 patients (34.3%) reported a decrease in drugs 
used, mainly of the following families: antipsychotics, antiepileptics, antidepres-
sants, and hypnotics and sedatives [101].

Adverse effects were found to be mild. Most common adverse events were som-
nolence (n  = 12 children) and change in appetite (six experienced a decrease in 
appetite, four an increase in appetite). Of the 93 patients reporting following 
6-month treatment, 23 patients (25.2%) experienced at least one side effect. The 
most common side effects were restlessness (6 patients, 6.6%), sleepiness (3, 3.2%), 
psychoactive effect (3, 3.2%), increased appetite (3, 3.2%), digestion problems (3, 
3.2%), dry mouth (2, 2.2%), and lack of appetite (2, 2.2%). The study authors con-
cluded that cannabis in ASD patients appears to be well tolerated, safe, and effec-
tive [101].

After 6–9 months of treatment, most patients showed some level of improvement 
in more than one of the eight symptom categories measured. The greatest improve-
ments were for seizures, ADHD, sleep disorders, and communication and social 
interaction deficits. Of the ten non-epileptic patients, nine had a 30% or better 
improvement in at least one of eight symptom categories, whilst six had an improve-
ment of 30% or better in at least two categories and four had improvement of 30% 
or more in at least four symptom categories. Of the ten using concurrent medica-
tions, nine kept their improvements after reducing or withdrawing from their medi-
cations [96].
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 Brazilian CBD-Enriched Cannabis sativa Extract Observational Study
In a compassionate-use, observational study, a cohort of 18 autistic patients (ten 
without and five with epilepsy) underwent treatment with a standardized CBD- 
enriched CE (with a CBD to THC ratio of 75/1) and an average ending dose of 
4.55 mg/kg/day. Three dropped out after 1 month due to adverse events. After 6–9 
months of treatment, most patients, including epileptic and non-epileptic, showed 
some level of improvement in more than one of the eight symptom categories but 
with very infrequent and mild adverse effects. Among the 15 patients who adhered 
to the treatment (ten non-epileptic and five epileptic), only 1 patient showed lack of 
improvement in autistic symptoms. The greatest improvements were for seizures, 
ADHD, sleep disorders, and communication and social interaction deficits. Of the 
ten non-epileptic patients, nine had a 30% or better improvement in at least one of 
eight symptom categories, whilst six had an improvement of 30% or better in at 
least two categories and four had improvement of 30% or more in at least four 
symptom categories. Of the ten using concurrent medications, nine were able to 
maintain their improvements after reducing or withdrawing from their medica-
tions [96].

 Chilean Study: Whole Plant Cannabis Extract
In a Chilean study, 20 children and 1 adult were treated daily with a sublingual dose 
of cannabis extract (whole plant, typically 1:1 CBD:THC) for at least 3 months. 
Results indicated that CBD was more effective than conventional autism medicines. 
Most patients treated with cannabis (71%) had improved at least one core symptom 
of ASD including social interaction, communication, or repetitive behaviors, and 
67% patients showed significant overall improvements [209].

 Open-Label Study of Children with ASD with 20:1 Ratio CBD:THC Oil
In an open-label study, 53 children with ASD (median age of 11 (4–22)) received 
cannabidiol for a median duration of 66 days (range 30–588 days). The cannabinoid 
oil supplied had a concentration of 30% with a 20:1 ratio of CBD:THC. Recommended 
daily dose of CBD was 16 mg/kg (maximal daily dose of 600 mg) and for THC, 
daily dose of 0.8mg/kg (maximal daily dose of 40 mg) for the study. Analysis of 
study data indicated that the THC median interquartile range (IQR) daily dose was 
7 (4–11) mg and CBD median (IQR) daily dose was 90 (45–143) mg [187].

The following results were found, set out in Table 10.2.

Table 10.2 Results of Barchel et al.’s study [187]—changes in associated comorbidities of ASD

Associated comorbid symptom or sign Improved (%) No change (%) Worse (%)
Self-injury and rage attacks (n = 34 children) 67.6 28.9 8.8
Hyperactivity symptoms (n = 38 children) 68.4 28.9 2.6
Sleep problems (n = 21 children) 71.4 23.8 4.7
Anxiety (n = 17 children) 47.1 29.4 23.5

10 Autism Spectrum Disorder



495

There was no statistically significant difference compared with conventional 
treatment as published in the literature for all of these variables, except for self- 
injury where there was a borderline significance in improvement of symptoms com-
pared to the conventional treatment (p = 0.063). There was no statistical difference 
in worsening of symptoms (p = 0.307). Adverse effects, mostly somnolence and 
change in appetite, were mild [187].

 Case Reports of CBD Treatment in Fragile X Syndrome Patients
There are three case reports of patients diagnosed with FXS syndrome documented 
by Tartaglia et al. [83], all of which were treated with CBD oil and reported improve-
ments. One of the cases is of a toddler who was diagnosed with FXS and was given 
an oral paste (18–23.5% CBD) with trace amounts of THC (0.03%) at a dose of 
50 mg/day (in coconut oil). Behavioral improvements were noticed by the family 
within the first month of treatment, and continual improvements over the next 3 
months were also noted including better motor coordination, more frequent and 
longer eye contact, increased positive interactions with other children, and others. 
Interestingly, when the child was 30 months of age, the parents discontinued the 
CBD treatment and began the child on minocycline, and the child displayed 
increased anxiety and poorer sleep (difficult falling asleep and staying asleep) and 
meltdowns occurred more often. At 3 years of age, the child was on sertraline and 
minocycline and was making slow progress, but there were problems with attention 
span, anxiety, sleep, and continued frequent meltdowns. The child was restarted on 
CBD treatment (50 mg/day), and there was a reduction in anxiety, meltdowns, and 
sleep. The child continues on CBD [83].

Two other case studies of FXS patients, one of a male and another of a female in 
their early to mid-20s, were reported  which demonstrated benefits of CBD oil 
including less anxiety, cessation of panic attacks, improved work performance, less 
social avoidance, better sleep, and improved linguistic skills [83].

 Randomized Controlled Trial of Oral Cannabinoids in ASD
A double-blind, placebo-controlled study was conducted in 150 patients (age 5–21 
years) with ASD. Two medicinal cannabis products were compared with placebo: a 
CBD-dominant product whole plant cannabis extract (with 20:1 ratio of CBD and 
THC) and a purified product (with 20:1 ratio of CBD and THC). Participants 
received the treatment medication or placebo for 12 weeks, followed by a 4-week 
washout period. The groups were then crossed over to receive one of the other study 
medications for a further 12 weeks (those in the placebo group initially received the 
whole plant extract; those who initially received the purified extract received the 
placebo; those who initially received the whole plant extract received the purified 
extract). The primary outcome variables were change in behavioral problems as 
measured by the Home Situation Questionnaire-ASD (HSQ-ASD) and the Clinical 
Global Impression-Improvement scale (CGI-I, with disruptive behavior anchor 
points). Secondary outcome variables were the Social Responsiveness Scale 
(SRS-2) and Autism Parenting Stress Index (APSI) [208].

For each treatment period, the starting dose was 1  mg/kg CBD (0.05  mg/kg 
THC) daily. Dose was increased by 1 mg/kg CBD (and therefore 0.05 mg/kg/day 
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THC) per day every second day up to 10 mg/kg body weight per day CBD (and 
0.5 mg/kg/day THC) for children 20–40 kg in weight, or up to 7.5 mg/kg/day CBD 
(and 0.375 mg/kg/day THC) for children over 40 kg (to a maximum of 420 mg/kg 
CBD and 21 mg THC per day) divided as three daily doses. Treatments were oral 
(sublingual where possible) as an adjunct to any ongoing stable medication (72% 
took concomitant medications). At the end of the treatment period (4 weeks), the 
study treatment was gradually decreased over 2 weeks.

There was no difference between the total scores of the HSQ-ASD and APSI 
scores between groups. Disruptive behavior as measured on the CGI-I was much or 
very much improved in 49% of the whole plant extract group compared with 21% 
on placebo (this was statistically significant at p = 0.005), but there was no signifi-
cant difference between the pure cannabinoid and placebo groups. There was also 
no significant difference between the whole plant and pure cannabinoid groups on 
the HSQ-ASD, APSI, and CGI-I scores. With respect to the secondary outcome 
variables, median SRS total score improved significantly more in the whole plant 
group compared with placebo (improvement of 14.9 points in whole plant group 
and 3.6 points in the placebo group, p = 0.009), and there was no significant differ-
ence between the pure cannabinoid and placebo groups. Notably, there were no 
serious adverse events. Common adverse events included somnolence (28% of 
whole plant group, 23% of pure cannabinoid group, and 8% of placebo group) and 
decreased appetite (25% of whole plant group, 21% of pure cannabinoid group, and 
15% of placebo group) [208].

 Systematic Review
A recent systematic review which included ten studies concluded that cannabinoids 
appear to improve some ASD-associated symptoms including problematic behav-
iors, sleep problems, and hyperactivity and that there were limited cardiac and met-
abolic side effects. The review also found that cannabinoids generally allowed 
reduction of number of prescription medicines and, in patients with comorbid epi-
lepsy, decreased frequency of seizures. It suggested the mechanisms of action may 
be linked to an imbalance in excitation and inhibition found in ASD. It also con-
cluded that knowledge of the effects on ASD core symptoms was very little [210].

 Guidelines for Treating ASD with Medicinal Cannabis

 When to Use Medicinal Cannabis

Most ASD responds well to medicinal cannabis for either primary abnormalities or 
comorbidities. Those ASD patients who do not respond may have one of the vari-
ants that cannot be modulated by the ECS or associated targets, or it is possible that 
they may need a particular blend of cannabinoids or terpenes as yet unknown. There 
is hope that early use of medicinal cannabis could modulate physiologic, cognitive, 
and emotional development to optimize health and performance without mainte-
nance dosing.
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 Type of Product (Blends)

Ideal blends are high in CBD and low in THC. Several terpenes like caryophyllene 
may be a significant part of the product blend and combine well with hemp 
 phytocannabinoids to complement the effects in both anxiety behavior and neuroin-
flammatory aspects of ASD.

 What Form of Product Should You Use?

It is particularly challenging to find the best medicinal cannabis formulations for 
ASD patients because of taste and texture sensitivities. The patient or family may 
best be able to guide the selection based on taste or texture and the ability to swal-
low capsules.

• Oral tinctures and liposomal products: are fast acting when held in the mouth 
or under the tongue (sublingual) but not well tolerated in ASD.

• Capsules: are fixed in dose and seem to have longer duration of effects, but onset 
is delayed by 60–90 min.

Masking flavors in another food or drink is occasionally successful, but generally 
a formulation change is needed. Alternatively, capsules (vegetable glycerin type) 
can be used as suppositories, and almost all medicinal cannabis liquids are absorbed 
through the skin.

 The clinical response for topically applied CBD has been good for urgent condi-
tions like behavior meltdowns.

 Dosing Guidelines

Start dosing with the recommended product serving size for patients seven (7) years 
or older. For patients under 7 years of age or those known to be dose sensitive, use 
half a serving or smaller. Physiologic changes with a responsive dose can occur 
within minutes of oral-mucosal servings and topical use. Topical use of oral formu-
las can be effective during “melt-down” crisis management or for calming effect if 
touching or massage is tolerated.

 Target Dose
Studies suggest 1–2 mg/kg CBD as a common steady dosage, and this is consistent 
with my experience. Increase the dose by half (½) serving with stress like upper 
respiratory or febrile illness.

 Frequency
Twice daily of the same dose is the usual but not required. And not all of the doses 
need to be the same so that if extra coverage is needed at certain times of the day or 
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night, then a larger amount can be used. Alternatively, an extra dose can be added. 
Medicinal cannabis works primarily by signaling within the body system not by 
maintaining blood levels like antiepileptic drugs.

 Duration
Over time the amount of medicinal cannabis needed may increase or decrease. 
Medicinal cannabis does not induce tolerance, but because medicinal cannabis 
induces epigenetic and metabolic changes, some patients may see their dose change. 
Stopping or skipping medicinal cannabis is not an issue except if the patient is 
dependent on its use for controlling certain disruptive behaviors.

 Stopping Other Medications
Many patients have been able to reduce or decrease other drugs that they have been 
relying on. This should be done with physician guidance. Generally a taper is used, 
reducing by 25% per week for 4 weeks for most substances. In some cases the drug 
should be maintained to optimize performance albeit at a lesser dose.

 Titration and Follow-Up

This is a prime condition for following the adage “start low and go slow.” Adjust the 
dose every 2–3 days by about half a single dose depending on behavior changes. 
Keep a log of several characteristic parameters so that you can track progress or 
digressions. Since there are usually several causes that could disrupt the patient’s 
progress, those should be tracked as well. Over time patterns may emerge to allow 
the caregivers to anticipate situations and adjust the dose accordingly.

Improvements often are slow but progressive so that monthly follow-ups are very 
appropriate as medicinal cannabinoids make subtle metabolic, membrane (as in 
gastrointestinal, blood-brain barriers), and epigenetic changes.

 Other Tips to Enhance Therapeutic Action

Diets of high fat, particularly saturated fats, work well with cannabinoids. In fact, 
very-high-fat diets induce ketones that have some of the same anti-inflammatory tar-
gets as cannabinoids (e.g., PPAR-α) [211]. Sulforaphane, a natural substance found in 
cruciferous vegetables, targets the nuclear factor-erythroid 2 (NRF2) cellular antioxi-
dant system and improves cases of ASD [212]. CBD also activates this pathway which 
might explain some clinical synergy [213]. Caryophyllene may also play a role in the 
same Nrf2 pathway in the brain and is a superb terpene supplement targeting CB2R 
for controlling inflammation throughout the body [214].
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 Adverse Effects and Interactions

The most common side effect from medicinal cannabis is fatigue that indicates too 
high a dose. In rare patients even the smallest dose may induce anxiety. The litera-
ture suggests that lower doses can be activating while higher doses are sedating. Too 
little medicinal cannabis will not show any appreciable effect. Again in rare patients, 
medicinal cannabis at even small doses may induce psychoactive effects. All is not 
lost, however. Some patients have reported very small and careful titrations have 
allowed them to continue medicinal cannabis, and this may possibly be rebalancing 
the body endocannabinoid system.

Interactions with other medications are rare at usual doses. Interactions have 
been reported with pharmaceutical dose levels well over 5  mg/kg when patients 
were also using the antiepileptic drugs valproate and clobazam. However, because 
of shared neurotransmitter targets, medicinal cannabis can amplify some drugs. 
Look for side effects of those pharmaceutical drugs used concurrently in assessing 
the situation. Become very familiar with the other drug side effects.

From a positive side, medicinal cannabis works well with lifestyle changes 
including diet, exercise, tranquility, other natural agents, and supplements. This also 
includes other therapy modalities about which we continue to learn more and more.

 Case Studies from Dr. Blair’s Practice

 Case 1, ASD Level 3

Erin 10, Australia, first presentation April 2015.

Presenting Problem: Autism spectrum disorder with onset at 3 years of age, mani-
festing with social withdrawal, no eye contact, five words or less in speech, attention- 
deficit hyperactive, self-stimulating to the point of self-injury. He has been enrolled 
in a number of rehabilitation programs with minimal progress. A history of multiple 
unsuccessful medications.

Other Details: Bowel habits irregular, sleep limited to a few hours per day. Diet 
limited by taste and texture sensitivities to a narrow range of processed foods. No 
known allergies but chronic eczematous rash in atopic pattern of skin fold on arms.

No current medications or food supplements.

Past History: Recurrent minor infections and respiratory illnesses, no operations 
or procedures, standard immunizations up to 15 months.

Family History: Mother and father with two older sisters in good health.
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Examination and Observation: Normal appearing 10-year-old, small for 
age: weight and height were 25 kg and 50 cm respectively (5th percentile height and 
weight for age). Videos demonstrate a thin male child poorly responsive to parental 
direction, jumping and running from place to place in household and climbing onto 
counters. At each location he would engage in self-stimulation with hand-finger tap-
ping, putting foreign objects into his mouth and spitting them out.

Assessment: ASD level 3 requiring very substantial support: Inflexibility of behav-
ior, extreme difficulty coping with change, or other restricted/repetitive behaviors 
markedly interfere with functioning in all spheres. Great distress/difficulty chang-
ing focus or action.

Treatment
After thorough consultation and informed consent, the family agreed to medicinal 
cannabis therapy using a full-spectrum hemp-derived CBD tincture with a ratio of 
CBD:THC of 20:1. Starting dose was 10 mg twice per day. Parents were advised to 
adjust the dose and frequency to control his symptoms and behaviors. During the 
next 6 weeks, the dose increased to 15 mg three times per day and as needed for 
stressful situations or infections.

Follow-Up
Parents reported Erin was now speaking some words and asking for objects or foods 
that he wanted as well as being generally more verbal. His teachers reported 
improved performance in swimming classes including following instructions. No 
specific measurements were provided, but parents felt he was significantly larger in 
height and weight.

Sleep significantly improved to 6–8 h per night. Appetite has improved, he is eat-
ing more, and he is happy to try new foods. Constipation is resolved with daily 
bowel movement. His chronic skin rash is completely resolved.

Behavior is relaxed and calm. He listens intently, shows interest in activities 
around him, and eats at the table with his family. Signs of anxiety or compulsive 
behavior are indicators for another MC dose. Currently functioning at ASD level 1.

Video clips show Erin sitting quietly in bed listening to a vocabulary picture 
game on a computer tablet, responding carefully and appropriately to the game and 
making eye contact with the videographer. Other videos show close sibling contact 
while viewing television  and evidence that Erin is allowing physical affection 
towards himself. 

 Case 2, ASD Level 2

Nate, 15 year-old boy, Massachusetts, USA, first presentation August 2017

Presenting Problem: Anxiety and anger control in 15-year-old boy with ASD level 
2 requiring special school environment. Diagnosed with bipolar syndrome. Taking 
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SSRI antidepressants for several years, no lithium. Average intelligence but socially 
limited interaction with occasional outbursts requiring supportive environment in 
special school. He easily becomes anxious with loud noises or new environments. 
He experiences wide swings in mood and behavior and supervision.

Other Details: Sleep and bowel function normal. Height and weight are average 
(170 cm, 65 kg).

Past History: No remarkable illnesses or infections or chronic physical disorders. 
Normal blood pressure and pulse. History of normal regular physical examination 
and immunizations.

Family History: Lives with father, stepmother, and their daughter. Birth mother 
has history of bipolar behavioral disorder.

Diet: Balanced omnivore diet.

Treatment
Initial therapy started with a liposomal water-soluble full-spectrum hemp-derived 
medicinal cannabis with CBD:THC ratio of 20:1. This product was shown to have 
improved bioavailability on the order of 5:1 compared with tincture. He began with 
standard serving size of 5 mg in water or juice twice per day or as needed for anxi-
ety. After showing an immediate response, the dose was increased to 15 mg per day. 
The broccoli extract sulforaphane was introduced as a food supplement.

Follow-Up
Within 4 weeks the parents reported improvements in compassion, social skills, 
cooperation, maturity, mood, and sleep. He was noticeably less anxious—tornado 
warnings, thunderstorms, and power outages that had bother him and caused him to 
perseverate. After starting medicinal cannabis, he handled them as if they were no 
big deal. A close lightning strike and extremely loud thunderclap made him jump, 
but then he laughed it off and went back to doing what he was doing. “In the past, 
he might have shown increased anxiety and talked about it excessively. He did not 
seem to be phased at all!”

At this point the father also started therapy with medicinal cannabis for his stress 
management and well-being.

Medicinal cannabis capsules of 15  mg were added to Nate’s program before 
school for their sustained effects over the course of the school day. Liposome prod-
uct was used at home and as needed for stressful or anxious episodes.

Over the course of the next 2 months, Nate was able to re-integrate to regular 
high school and enroll in carpentry program with great enjoyment. His medications 
remained unchanged during this time except for the addition of CoQ10 and magne-
sium citrate providing some additional mood stability.
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Over the next 9 months, Nate’s condition continued, but medicinal cannabis was 
no longer providing any specific benefit and at times was felt to worsen his mood 
and behaviors. This was also a time for some major hormonal changes. At this point 
the medicinal cannabis and sulforaphane were discontinued in regular use. However, 
the family was confident that medicinal cannabis was instrumental in Nate’s recov-
ery and transition to greater independence and ASD level 1.

 Conclusion

ASD is a complex behavioral condition associated with several comorbidities 
(including anxiety, depression, sleep disorders, learning difficulties). It begins in 
early childhood and extends throughout life. The etiology and pathogenesis of ASD 
are complex and involve altered neurodevelopment and neural connectivity, genetic 
and environmental factors, inflammation, immune system dysregulation, and abnor-
mal endocannabinoid tone and signaling. The endocannabinoid system is involved 
in the modulation of many cellular functions and molecular pathways altered in 
ASD. Several lines of research indicate that CBD may have a role to play in alleviat-
ing many of the neurobehavioral aspects of ASD, operating via multiple potential 
targets relevant to ASD.

There are many other potential factors that might feed into the neurobehavioral 
problems associated with ASD. Although we have not addressed them in this chap-
ter, it bears repeating that it is important to look carefully at nutritional and environ-
mental factors. Toxins in the environment of a child or indeed adult with ASD may 
add to the toxic load on the body and brain. Remember that the child with ASD has 
a neurological system that is still critically developing. Environmental toxins can be 
chemicals in water used to drink and bathe in, chemicals in personal care products, 
cleaning products, and others. It is vital that nutrition and diet are optimal. Pro- 
inflammatory diets will not help any chronic condition, including neurological con-
ditions like ASD. Chemicals in food packaging (in plastics in particular, which can 
leach into foods), foods sprayed with pesticides, and chemicals used as flavorings, 
coloring, and preservatives, for example, can all add to a toxicity overload on a 
sensitive neurological system. Electromagnetic frequencies emitted from cell 
phones and tablets may have detrimental effects on our brains. An integrative 
approach which takes into account many factors that may contribute to poor health 
is going to be the best way to help patients and empower them with knowledge, in 
particular about things they can personally change.
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Routes of Administration, 
Pharmacokinetics and Safety 
of Medicinal Cannabis

 Introduction

As we learned earlier in this book, ‘oils ain’t oils’, and there are many different can-
nabis strains/cultivars that may have different effects on the mind-body depending 
on the chemical profile of that particular strain. It is not just about the ratio of can-
nabidiol (CBD) to tetrahydrocannabinol (THC). Similarly, there are different routes 
of administration of cannabis, and different countries might favour different deliv-
ery methods. This is likely to be a product of local regulations, time that medicinal 
cannabis has been legalised and other factors. It takes time for some things to 
change. In Australia, for example, within the legal medicinal market, the majority of 
medicinal cannabis products on the legal medical market were mostly oils for oral 
use when medical use first became legalized (in 2016). Increasingly, more doctors 
are beginning to prescribe flower for vaporisation, but vaporising of oils as a route 
of delivery of medicinal cannabis is not common in Australia. In the USA, vaping 
of oils is popular, as is smoking cannabis for medicinal purposes. Safety of any form 
of medicine is important, and so it is with medicinal cannabis. Whilst we will not 
talk about quality assurance in this book, suffice to say that it is much safer to use a 
cannabis product that has been manufactured under Good Manufacturing Practice 
(GMP) conditions.

This Chapter
In this chapter, we discuss four main delivery methods, the pharmacokinetics asso-
ciated with these different routes of delivery, and safety aspects of cannabis, THC 
and CBD.
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 Routes of Administration (Delivery Methods)

The pharmacokinetics and pharmacodynamics of medicinal cannabis and cannabi-
noids will vary with individuals and with the route of administration and formula-
tion [1, 2]. The plant chemistry of cannabinoid is far more complex than that of pure 
THC [1], or pure CBD or synthetic cannabinoids. Therefore, different effects may 
be expected due to the presence of additional cannabinoids and the other active 
constituents/chemicals in the plant [1].

 Types of Delivery Methods

The various forms of delivery include the following:

 1. Inhaled: smoking, vaporising 
 2. Oral: liquid, edibles, tablets, capsules, sprays, fresh juice
 3. Topical: creams, balms, patches
 4. Other routes: intranasal, suppositories (rectal, vaginal)

Each of these delivery methods has particular advantages, depending on the clin-
ical condition involved and the patient’s preference. For patients with chronic 
 illness, the oral route may be beneficial as the duration of action is longer than that 
of the inhaled route. However, for dealing with acute exacerbations, for example, 
pain or anxiety, the inhaled route may be better as the effect is much quicker. For 
this reason, in conditions in which there can be exacerbations, a combination of oral 
and inhalation routes may be useful.

Smoking of cannabis is not recommended due to the potential for cannabis leaves 
to be mixed with tobacco. Vaping of flowers (buds) or oils is preferable over smok-
ing cannabis for this reason. Topical use is good for localised symptoms and 
 systemically has a lesser effect.

Dr. Blair often prescribes terpenes for use in addition to CBD- dominant prod-
ucts, and these can be taken internally or can be rubbed onto the back of the hand or 
other skin surfaces to be absorbed that way.

We will first talk about each of the routes of delivery before looking at the phar-
macokinetics of the inhaled route in comparison with the oral route.

 Inhalation: Smoking Cannabis

Smoking cannabis can include the use of ‘joints’, pipes and bongs. Smoking of can-
nabis has been found to be the most common form of delivery of cannabis in several 
surveys of persons who are self-medicating with cannabis (e.g [3, 4]). An estimated 
30–50% of cannabis is lost to ‘side-stream’ smoke [5].

Smoking heats cannabis to high temperatures, 600–900 °C. Smoking cannabis is 
associated with toxic by-products, including tar, PAH (polycyclic aromatic 

11 Routes of Administration, Pharmacokinetics and Safety of Medicinal Cannabis
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hydrocarbons), carbon monoxide (CO) and ammonia (NH3). Chronic use has been 
found to be associated with respiratory symptoms, including cough, bronchitis and 
increased phlegm, but there is no evidence that it causes lung cancer or chronic 
obstructive airway disease (COPD) [5, 6]. The National Academies of Sciences, 
Engineering and Medicine report The Health Effects of Cannabis and Cannabinoids, 
published in 2017, concluded that ‘There is moderate evidence of no statistical 
association between cannabis smoking and the incidence of lung cancer’ ([6], 
p. 143). However, patients may mix cannabis with tobacco, thereby increasing the 
risk of respiratory diseases, including cancer [5].

It is common practice amongst recreational cannabis users (less so for medicinal 
users) to mix cannabis with commercially available tobacco when smoking it. The 
reason for this is that cannabis-only cigarettes tend to stop burning as soon as the 
user stops to puff, requiring the user to keep having to relight the cigarette. Adding 
tobacco increases the burning efficiency of the cannabis cigarette; depending on 
how much is added, the combination will burn similarly to a normal tobacco 
 cigarette. Adding tobacco also reduces the cost of the cannabis cigarette [7]. A study 
found that adding tobacco to cannabis led to more efficient release of THC per gram 
of cannabis, increasing the vaporisation efficiency of THC by up to 45%, which 
may be due to greater burning efficiency and differences in combustion  temperatures 
between the two [7].

 Inhalation: Vaporising 

Vaporising or vaping (these terms are often used interchangeably) heats cannabis at 
a lower temperature (160–230 °C) than smoking. Both cannabis flower and oil may 
be vaporised. It has some advantages over smoking in that there is no side-stream 
smoke (and thus fewer concerns about passive smoking), it has fewer toxins (CO is 
reduced, though PAHs are not completely eliminated), it produces much less harm-
ful biproducts and fewer pulmonary symptoms are reported [5].

The advantages of smoking and vaporising are that the active constituents pass 
quickly into the bloodstream via the highly vascularised lung tissue, bypassing the 
‘first-pass mechanism’ of the liver. Thus, the onset of action is faster than with the 
oral route. As peak effects are faster than the oral route, this may be useful for the 

Systematic Review
A systematic review of 2159 lung cancer cases and 2985 controls from six 
case-control studies concluded that there was no statistically significant 
 difference in the risk of lung cancer for habitual cannabis smokers compared 
with non-habitual cannabis smokers (defined as those with cumulative 
 cannabis consumption of less than 1 joint-year, including never-users). For a 
subgroup of participants who did not smoke tobacco, the risk of lung cancer 
was not significantly different for habitual cannabis smokers compared with 
 non- habitual cannabis smokers [8].

Routes of Administration (Delivery Methods)
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treatment of acute conditions, such as pain or chemotherapy-induced nausea and 
vomiting, in which fast action is desirable. For chronic conditions in which a longer 
effect duration is required, the oral route may be better.

Another advantage of vaporising is the delivery of cannabinoids to the full range 
of respiratory endothelium. This would include inflamed nasal and sinus tissue 
depending on the expiratory method used and the pharynx. There is also some sug-
gestion that the antibacterial and antiviral properties of the cannabinoids could 
reduce pathogen populations and even entry into the body. For example, SARS- 
CoV- 2 uses receptor-mediated entry into humans via the angiotensin-converting 
enzyme 2 (ACE2). ACE2 is expressed in the lung tissue, nasal and oral mucosa, 
kidney, gastrointestinal tract and testes. Recent research has demonstrated that vari-
ous high CBD cannabis extracts could downregulate the ACE2 gene expression and 
decrease the ACE2 protein levels, with some also downregulating serine protease 
TMPRSS2 (both proteins are critical for SARS-CoV-2 entry into the host cells) in 
artificial 3D human models of oral, airway and intestinal tissues. This suggests 
promise for treatment of respiratory viruses that use the ACE receptor as a molecu-
lar gateway, such as SARS-CoV-2 [9].

Vaping is not without risks. In 2019 the safety of vaping cannabis oils was called 
into question with the occurrence of several hospitalisations and deaths associated 
with it in the USA. A syndrome named e-cigarette or vaping-associated lung injury 
(EVALI) was coined. As of January 2020,  over 2600 people became sick, most 
requiring hospitalisation (at least one requiring a lung transplant), and over 50 peo-
ple died [10]. The illness was finally determined to be due to a synthetic form of 
vitamin E acetate (α-tocopheryl acetate), used in e-cigarettes to thicken marijuana 
oil in order to disguise its dilution with other substances, confirmed in various inves-
tigations, which was detected in THC-containing products and samples of lung fluid 
from EVALI patients [10]. For example twenty-four products obtained from victims 
in 2019 contained vitamin E acetate [11]  and in  August 2019, the Utah Public 
Health Laboratory (UPHL) showed evidence of vitamin E acetate in 17 of 20 (89%) 
THC-containing cartridges in the review of 79 lung injury cases for that US state 
[12]. In 48 of 51 bronchioalveolar lavage samples taken from patients, vitamin E 
acetate was detected, along with THC or metabolites in most of the samples [13]. 

 This brings home the important point of quality control of any type of cannabis 
product, including oils used in vaporising devices and the vaporising/vaping devices 
themselves in ensuring that health is not harmed. We might add that cannabis that is 
not organically grown, like other herbs, can be contaminated with adulterants, heavy 
metals and pesticides.

 Oral Routes

Oral routes of delivery technically include oral ingestion, oro-mucosal and sublin-
gual routes. When we speak of the oral route of delivery, we are referring in general 
to oral ingestion. Cannabis products that may be consumed by mouth include oils, 
capsules, tinctures, lozenges, edibles, juicing fresh plants and cannabis teas. The 
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oral route has the advantage of convenience, and duration of action is much longer 
than that of smoking/vaporising. Thus, these may be more advantageous for the 
treatment of chronic illnesses. Oils and capsules have the advantage of more accu-
racy with respect to dosing, unlike edibles (brownies, cookies and gummies), which 
may be more difficult to dose. Gummies are usually made with some kind of sweet-
ener and may affect the blood sugar levels in vulnerable people, such as those with 
diabetes. Disadvantages of the oral route of delivery are the low bioavailability of 
cannabinoids, due to low water solubility (limiting absorption), gastric instability 
and the hepatic first pass effect [14]. Another potential disadvantage may be dosage-
related side effects, given fluctuations in plasma drug levels associated with first 
order kinetics have been seen in oral and other systemic delivery systems 
[14].  Related oral routes of delivery include the oro-mucosal route (e.g. buccal 
route) and sublingual route. There are several products on the market including 
oromucosal sprays (e.g. nabiximols, which delivers a standardised dose of CBD and 
THC [5]) and sublingual wafers which are absorbed via the sublingual blood ves-
sels. An advantage of these delivery routes is that the active constituents are absorbed 
via the blood vessels within the oral cavity, and so the cannabinoids rapidly enter 
the systemic circulation [14]. This route of delivery is reasonably fast acting (not as 
fast as inhalation but faster than when oils are swallowed) and has a longer duration 
of action compared to the inhalation route (see Table 11.1).

The raw plant contains the acid forms of the main phytocannabinoids, THCA 
and CBDA, which have been found to have therapeutic properties. Juicing and can-
nabis teas do not allow for adequate decarboxylation of the raw plant [5], which 
may be considered an advantage or disadvantage, depending on whether you want 
the acid forms of THC and CBD or whether you want the decarboxylated THC 
and CBD.

 Topical Route

Topicals (for external use) are ideal for localised symptoms, including skin condi-
tions and arthritis, though there is less research available with respect to their effi-
cacy [5].  Advantages of the trans-dermal route of delivery are that it is more 
user-friendly (and therefore may increase compliance), and it avoids the hepatic first 
pass effect and degradation of cannabinoids by gut enzymes [14]. Transdermal 
patches are a promising route of delivery since they may be able to achieve a con-
stant therapeutic drug level which may be useful for treating conditions like chronic 
pain [15]. 

 Other Delivery Routes

Suppositories may be indicated for the treatment of specific conditions (e.g. rectal 
cancer). They may also be useful for specific subpopulations, such as the elderly or 
young. However, there is variable absorption [5]. The bioavailability of rectal routes 
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is uncertain – evaluation in monkeys showed that a THC-hemisuccinate provided 
bioavailability of 13.5% [1]. The intranasal route of delivery is an alternative route 
of systemic delivery. It is non-invasive and rapid acting, delivering cannabinoids 
into the systemic circulation quickly, and avoids the first-pass mechanism of the 
liver and enzymatic degradation in the gut [14]. Bioavailability of THC via the 
intranasal route is approximately 27% [14]. Because of its rapid action, it may be 
useful for treatment of acute conditions and potential uses include treatment of 
breakthrough pain or nausea [15]. However, there are disadvantages of the intrana-
sal route which include the fact that most cannabinoids are lipophilic, so crossing 
the aqueous media of the nasal tissue is problematic. Rapid absorption of cannabi-
noids such as THC into the central nervous system could result in increased side 
effects associated with THC. A further disadvantage is the potential to irritate the 
nasal mucosa. Thus it may not be so suitable for chronic administration [14].

 Pharmacokinetics

The pharmacokinetics of cannabis depends on the route of delivery. Most human 
clinical trials have measured pharmacokinetic activity after inhalation or ingestion 
(oral route). The onset, rate of absorption and bioavailability of THC and CBD are 
much higher with inhalation compared with oral administration [16].

The factors that determine the onset and duration of action of different delivery 
routes are absorption, distribution and metabolism. Absorption has a wide variability, 
ranging from 20% to 30% orally and from 10 to 60% for inhalation [1]. The sublin-
gual route of administration has a rate of absorption in between that of inhalation and 
oral (swallowed) route [17]. Factors that affect absorption include product lipophilic-
ity, bioavailability and the inherent organ tissue differences (e.g. alveolar, dermal, 
gastric) [5]. Several factors can affect cannabis absorption including recent meals, 
depth of inhalation, duration of breath holding and temperature of vaporiser [5].

Cannabinoids are lipophilic and have low water solubility. In general, the bio-
availability of cannabinoids delivered via the oral (ingestion) route is low, due to 
low water solubility (that limits absorption), hepatic degradation and gastric insta-
bility [14, 15]. Over 95% of ingested cannabinoids are degraded by the first pass 
mechanisms of the liver [14, 17]. For topical and oral routes of administration, 
absorption is enhanced in the presence of fat, oils or polar solvents (e.g. ethanol). 
Nano- or ionised particles and the use of omega fats in carrier oil may enhance 
absorption. For topical products, ingredients that mildly disrupt the skin barrier may 
allow greater absorption of active ingredient [5].

It is important to understand the impact that the variability of bioavailability 
between individuals participating in randomised controlled trials (RCTs) may have 
on the outcome variables measured. Individualisation of dosage for participants in 
the RCT could optimise therapeutic efficacy (compared with a standard dose).
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 Cannabidiol

Bioavailability of CBD
The onset, rate of absorption and bioavailability of CBD are much higher with inha-
lation compared with oral administration [16]. The bioavailability of CBD via inha-
lation is 11–45% [18, 19].

CBD has a low and highly variable oral bioavailability, estimated at 6–10%, due 
to the first-pass mechanism of the liver [16], though some studies have reported 
figures of 13–19% [20]. In a study of the intranasal delivery of CBD in rats, the 
bioavailability was 34–46% [15].

Metabolism and Half-Life of CBD
CBD is extensively metabolised by the cytochrome P450 (CYP) enzymes of the 
liver. The major isoforms that contribute to the metabolism of CBD are CYP3A4, 
CYP2C19, CYP2C9, CYP1A2, 2C8, 2B6 and 2E1, with CYP3A4 and CYP2C19 
being the dominant contributors to the breakdown of CBD to its active metabolite 
[21, 22].

CBD is highly lipid-soluble and is rapidly distributed in the brain, adipose tissue 
and other organs [18]. The primary route of CBD metabolisation is hydroxylation to 
7-OH-CBD and then further metabolism into several (inactive) metabolites (e.g. 
CBD-COOH) by the liver cytochrome P450 enzymes, with excretion mainly via 
faeces and less in urine [18].

The half-life of CBD depends on the route of administration. For example, the 
half-life (humans) was found to be 18–33  hours for intravenous administration, 
27–35 hours after smoking and 2–5 days after oral administration [23].

 Tetrahydrocannabinol

Bioavailability of THC
The bioavailability of THC is variable and depends on the route of administration 
(see Table 11.1). For inhalation, the bioavailability is variable, and various studies 
suggest it is somewhere between 10 and 35% [24, 25, 27–30] (see Table 11.1). 
Factors that could affect the bioavailability via the inhalation route include fre-
quency of smoking and smoking technique. In one study, a bioavailability of 
23–27% was found for frequent users compared with 10–14% for occasional users 
[35]. Differences may be due to variations in smoking technique, e.g. puff dura-
tion, intake volume and holding time. Up to 30% of THC is lost due to pyrolysis, 
with additional loss in side-stream smoke and incomplete absorption in the 
lungs [16].

The bioavailability of orally ingested THC is between 4% and 20%, which is 
lower compared with that of inhalation (see Table 11.1), due to the fact that the can-
nabinoids undergo extensive first-pass metabolism by the CYP450 genes in the 
liver, prior to entering the systemic circulation [16]. Oxidation of THC into 
11-OH-THC and other metabolites reduces the amount of THC reaching the blood-
stream, reducing the oral bioavailability [16].

Pharmacokinetics
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Onset and Duration of Action of THC
The onset of action of inhaled THC (5–10 minutes) is much quicker than that of the 
oral route (between 60–180 minutes) [5].

• Inhaled route: peak plasma concentration of THC is reached in 5–10 minutes 
[1, 28, 35, 38]

• Oral route: peak plasma concentrations of  THC  may be reached as early as 
1–2 hours or as late as 4–6 hours after ingestion [1, 35].

This longer onset of action for the oral ingestion route can be a trap, in particular, 
for naïve users who consume cannabis edibles like cookies or gummies – a lack of 
effect soon after consumption can cause the individual to eat more of the cookie or 
more gummies, with the increased likelihood of having too much and experiencing 
unpleasant side effects when the THC kicks in.

The duration of effects is longer for oral administration (6–8 hours) compared 
with inhalation (2–4 hours) [5, 39], and this can be an advantage in treating more 
chronic conditions.

Metabolism of THC
THC is rapidly absorbed through the lungs after inhalation and quickly reaches a 
high concentration in the blood. Around 90% of THC in the blood is circulated in 
plasma, with the remaining 10% in the red blood cells [35]. THC is detectable in 
plasma in below 1 minute after inhalation [1, 16, 27], with peak plasma concentra-
tion being reached in 5–10 minutes [1, 28, 35, 38].

In contrast, after oral ingestion, systemic absorption is comparatively slow since 
it must travel to the gut and be processed by the liver. Peak plasma concentrations 
may be reached as early as 1–2 hours or as late as 4–6 hours after ingestion, and 
there can be more than one plasma peak [1, 35]. A much higher concentration of 
11-OH-THC occurs after ingestion compared with inhalation [35, 40].

Liver Metabolism
THC is highly lipophilic. After assimilation via the blood, THC rapidly penetrates 
fat tissues and highly vascularised tissues (e.g. brain, muscle, liver, lung and spleen), 
resulting in a rapid decrease in plasma concentration [35, 41]. Following this, there 
is a slow redistribution of THC from the deep fat deposits back into the blood 
stream [35].

THC is metabolised in the liver by enzymes of the cytochrome P450 com-
plex. Hydroxylation of THC generates the psychoactive compound 11-OH-THC, 
which is the main active metabolite of THC. Further oxidation produces THC-
COOH, an inactive secondary metabolite [42]. It is thought that 11-OH-THC 
and THC-COOH are at least or even more pharmacologically active as THC and 
that THC-COOH modulates the actions of THC [42]. In one study, the 
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maximum concentration of THC was observed around 8 minutes after the onset 
of smoking, 11-OH-THC peaked at 15  minutes and THC-COOH peaked at 
81  minutes. The THC concentration decreased quickly to 1–4  ng/mL within 
3–4 hours [35, 38].

Excretion of THC
More than 65% of cannabis is excreted in the faeces, and around 20% is excreted in 
urine [40]. Most of the cannabis (80–90%) is excreted within 5 days as hydroxyl-
ated and carboxylated metabolites [28]. Amongst the major metabolites (THC, 
11-OH-THC and THC-COOH), THC-COOH is the primary glucuronide conjugate 
in urine, with 11-OH-THC being the main form in faeces [43, 44]. Because THC is 
lipophilic, this results in tubular reabsorption in the kidneys, leading to low renal 
excretion of unchanged drug.

Half-Life of THC
THC and its metabolites can stay around in the body for quite some time, longer for 
chronic users than an infrequent user [35]. In one study, the half-life of THC for an 
infrequent user was 1.3 days compared with 5–13 days for a frequent user [45], and 
after smoking a cigarette that contains 16–34 mg of THC, THC- COOH was detect-
able in plasma for 2–7 days [35].

THC-COOH is the compound of interest for diagnostic purposes, and it is 
excreted in urine mainly as a glucuronic acid conjugate [35]. Studies have shown a 
urinary excretion half-life for THC-COOH of around 30  hours (after 7  days of 
monitoring) and 44–60  hours (after 12  days monitoring) [35, 43, 46]. It also 
appears that the time THC metabolites stay in the body depends on whether the 
individual is an infrequent or frequent cannabis user. Here are some of the various 
studies’ results:

• A study of 6 healthy males with histories of cannabis smoking was conducted, in 
which the subjects smoked a single cannabis cigarette (placebo 1.75% or 3.55% 
THC) each week. Urine specimens were then analysed (blinded) for THC- 
COOH. The mean half-lives were 31.5+/−1.0 hours (range 28.4–35.3 hours) for 
the low-dose cannabis cigarette and 28.6 +/−1.5 hours (24.9–34.5 hours) for the 
high-dose cigarette when a 7-day monitoring time period was used [43].

• In a study of prisoners, based on the measurements of THC-COOH/C during the 
first five days following the last use of cannabis, the mean urinary excretion half- 
life was 1.3 days in infrequent users, whilst in frequent users, the median was 
1.4 days with terminal urinary half-lives of up to 10.3 days found. In the infre-
quent users, the last positive urine specimens for THC-COOH were found at 
4 days using a cut-off of 15.0 ng/ml, 5 days using a cut-off of 10.3 ng/ml and 
12 days for cannabinoids. But these figures were longer for frequent users, 17, 22 
and 27 days, respectively, which demonstrates that THC and its metabolites can 
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stay in the body for some time, and it seems to stay longer in the bodies of those 
who use it frequently [45].

• A study of volunteers in a low-step detoxification program found the maximum 
elimination times of THC-COOH to be 433.5 hours in urine and 74.3 hours in 
serum (using a cut-off value of 20 ng/ml) [47].

Passive Smoking and Breastfeeding
Note that cannabis can be detected in the body fluids of individuals who have been 
exposed through passive inhalation and through breastfeeding [35].

Does Intoxication (‘High’) from Cannabis Coincide with Plasma 
Concentration?
An early study investigated the relationship between the plasma concentrations of 
THC and self-rated perceptions of being intoxicated in 11 men with prior histories 
of using cannabis. Three forms of THC were administered to each participant in 
three separate experiments: smoking a cannabis cigarette containing 19% THC, eat-
ing a chocolate cookie containing 20  mg THC and intravenous injection of 5% 
THC. They found that the injected THC and smoked THC followed a similar pat-
tern, rapidly reaching a peak plasma concentration. Then, because THC is very 
lipophilic, it was quickly distributed to the brain and other fat storage depots in the 
body. Consequently, the degree of intoxication increased as the plasma concentra-
tions decreased. In contrast, for the orally ingested THC, the degree of intoxication 
paralleled the peak plasma concentrations, and the degree of intoxication was 
attained at a much lower concentrations compared with the inhaled or injected 
routes of administration. The study authors postulated that oral administration 
might allow a greater amount of THC to enter the liver and allow it to be metabo-
lised to its more potent metabolite (11-OH-THC). They concluded that unlike alco-
hol, one cannot make neat correlations between the degree of intoxication and 
plasma concentrations of THC [48].

Random Drug Testing
The fact that THC metabolites can remain for days in the body makes it problematic 
for cannabis users (medicinal or recreational) in countries where it is illegal to have 
any amount of THC in the body whilst driving, such as in Australia. In Australia, 
this applies regardless of whether the person is intoxicated or not and regardless of 
whether he/she has a prescription. Thus, even those prescribed medicinal cannabis 
products containing THC by a doctor run the risk of testing positive in a random 
roadside drug test and breaking the law. Clearly this is not a sensible legislation and 
something that needs to change.

From Dr. Blair’s personal experience, even medicinal cannabis with low THC 
(<0.3%) and high CBD can test positive for THC by urinalysis. Some suggestion 
has speculated on CBD conversion to THC that occurs in vitro with acid prepara-
tions simulating the gut, but this has not been validated in vivo.

Another concern for testing occurs in employees of transportation companies 
that require a urine drug screen (USD) for employment and accident investigation. 
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Despite legitimate therapeutic use of medicinal cannabis, positive testing could lead 
to extreme administrative action impacting on livelihood as well as possible crimi-
nal action in unique cases because the standards used are absolute detection values 
unrelated to impairment.

In one small series that characterises a typical clinical environment, a group six 
participants sampled two products both orally and by vaporisation for urine drug 
testing: pure CBD and a full-spectrum medicinal cannabis. The full spectrum con-
tained 10.5% CBD and 0.39% THC (a 27:1 ratio of CBD/THC). This blend is very 
similar to many legal hemp/CBD products. Two subjects who inhaled the low THC 
blend confirmed positive test results, whereas none of the group that inhaled pure 
CBD produced positive urine specimens (for THC). Interestingly, one UDS was 
positive for oral 100-mg pure CBD but was not confirmed at 15 ng/mL. The impli-
cations are that even vaporised low THC products run the risk of positive drug 
screening [49].

 Safety of Cannabis

Recreational use of cannabis is not the same as its medicinal use, in which the dose 
is typically individualised to the patient, titrating upwards from a low dose slowly 
until a therapeutic effect is experienced. This point is very important to understand, 
as much of the published literature around safety, in particular, around adverse 
effects and driving safety, is in relation to recreational use, typically of strains of 
cannabis with high amounts of THC.

 Adverse Events Associated with Cannabis

Observational, population-based studies provide most of the evidence of potential 
toxicity associated with cannabis use. There are several limitations of such studies, 
including many confounding factors, and it is not possible to derive evidence of 
unequivocal causality. Of particular importance is that most of the available evi-
dence of adverse effects associated with cannabis is related recreational use, where 
it is primarily smoked and self-administered at an unknown quality [2].

Mortality and Cannabis
Cannabis has a superior safety profile in comparison with many pharmaceuticals 
[5]. The World Health Organization 2018 report on THC states that the absence of 
mortality with THC may reflect the low density of CB1 receptors in the brainstem 
regions controlling vital cardiovascular and respiratory functions. It also states that 
a lethal dose in a 70-kg human is approximately 4000 mg (4g) (this amount is the 
median amount and refers to the quantity of THC alone; it does not include other 
materials [50]) and that this could not be realistically achieved following oral con-
sumption or smoking or vaporising as THC has a large safety margin 
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[51]. Experiments in animals indicates that the LD50 of THC is 800 mg/kg in rats, 
3000 mg/kg in dogs, and up to 9000 mg/kg in monkeys [52]. 

However, there are reports in the literature challenging the popular idea that no 
one has ever died of cannabis, as deaths due to acute myocardial infarction associ-
ated with cannabis use have been reported [53]. See section below for more on 
cardiovascular risk.

In one study, patients who have used cannabis had a greater all-cause mortality and 
greater morbidity than those who denied cannabis use [54] and another study found 
that the mortality rate was 29% higher in patients reporting cannabis use [55]. However, 
the 1999 Institute of Medicine (IOM) report Marijuana and Medicine: Assessing the 
Science Base states that ‘epidemiological data indicate that in the general  population 
marijuana use is not associated with increased mortality’ ([56], p.  109). The US 
National Academies of Sciences, Engineering and Medicine report The Health Effects 
of Cannabis and Cannabinoids concluded: ‘There is no or  insufficient  evidence to sup-
port or refute a statistical association between self-reported cannabis use and all-cause 
mortality (self-reported cannabis use); occupational accidents or injuries (general, non-
medical cannabis use); death due to overdose’ ([6], p. 17).

Whilst much of the safety issues around cannabis is associated with its recre-
ational use, some reports suggest that a more measured approach might need to be 
taken with such statements about its safety and lack of association with mortality 
(see [53, 57] for further information).

Cardiovascular Risk and Cannabis
Smoking cannabis has been found to be associated with a significant increase in the 
risk of acute myocardial infarction. There have been reports of atrial fibrillation, 
ventricular tachycardia, acute coronary syndromes, cardiac arrest and 
stroke  associated with smoking cannabis, often in younger people with no signifi-
cant risk factors [57]. Deaths due to acute myocardial infarction associated with 
cannabis use have been reported [53]. A retrospective evaluation of the Personality 
and Total Health Through Life study also found a 3.3-fold risk of stroke/transient 
ischemic attack in cannabis users within the past year in participants who used can-
nabis weekly or more often (but not those who used cannabis less often) [58]. Yet a 
recent large retrospective study of 56,742 subjects found that cannabis use was not 
associated with increased prevalence of cardiovascular disease – in fact, it showed a 
trend of reduced odds for cardiovascular disease, adjusted for possible confounding 
variables, of 0.74 (95% CI 0.54–1.01) [59]. However, because the confidence 
 interval includes 1.0, we see that this figure did not reach statistical significance. 
Although the results, statistically speaking, could still have occurred by chance, the 
study fails to confirm the previous positive associations of cannabis and 
 cardiovascular disease. 

According to Page and colleagues, evidence of whether cannabis causes adverse 
cardiovascular events is still inconclusive as most of the available research evidence 
is short term, observational, and retrospective in nature and there are  methodological 
issues including lack of exposure determination and recall bias [60]. It is important 
to consider all kinds of evidence. Epidemiological evidence gives broad data from 
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larger populations. Case studies speak about what happened to individuals. We can 
see that there have been reports of cardiovascular harm related to smoking cannabis. 
However, evidence of association does not equate with causality. It is also important 
to note that cannabis strains bred for the recreational market is often much higher in 
THC content. Nonetheless, THC is generally contraindicated in people with 
 pre-existing heart disease [21].

In summary, whilst much of the safety issues around cannabis is associated with 
recreational use of cannabis, such reports suggest a more measured approach might 
need to be taken with statements about its safety and purported lack of association 
with mortality (see [53, 57] for further information). MacCallum and Russo state 
that cannabis should be used with caution in those with unstable cardiac conditions 
including angina, because of tachycardia and possible hypotension due to the THC 
(though they report that it produces no QTc issues) [5]. Brown and Winterstein state 
that THC is generally contraindicated in people with pre-existing heart disease 
[21]. See the section on Safety of THC for more information about cardiovascular 
effects, including effects on blood pressure and heart rate (HR). 

Side Effects of Cannabis
Warnings about cannabis and THC often focus on neuropsychiatric side effects and 
these are dose-limiting and a major cause of discontinuation. In clinical studies, 
synthetic THC (dronabinol) was shown to exacerbate mania, depression, and 
schizophrenia [61]. Cannabis consumption is associated with the following effects: 
euphoria; laughter; talkativeness; increased appetite; increasing visual, olfactory 
and auditory perceptions; and dry mouth and red eyes (it dilates the conjunctival 
blood vessels) [2]. It may also cause balance problems, confusion, dizziness, dis-
orientation, diarrhoea, drowsiness, fatigue, hallucination, nausea, somnolence, 
vomiting [62] and anxiety [63]. Cannabis intoxication can impair attention and 
short-term memory function, and in some vulnerable persons, it may trigger psy-
chotic reactions [2]. The effects are subject to tolerance following repeated expo-
sure. Thus, many of the more marked reactions in naive users are reduced in 
frequent users [2].

Young children are at risk of the side effects of cannabis, with case reports of 
young children experiencing respiratory depression, tachycardia and temporary 
coma following accidental ingestion [2, 64, 65].

 Drug-Cannabis Interactions

The potential for interactions between pharmaceuticals and THC and CBD will be 
discussed shortly. However, it is worth noting that according to the World Health 
Organization (WHO) report, data from randomised controlled trials has not reported 
significantly increased incidences of severe adverse effects associated with the com-
bination of cannabis/cannabinoids and other medications [2].
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 Cannabis Dependence, Abuse and Cannabis Use Disorder

Cannabis use disorder (cannabis addiction) is defined in the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) as the continued use of cannabis 
despite clinically significant impairment. There has been some debate in the litera-
ture as to whether cannabis abuse and cannabis dependence constitute different enti-
ties. Abuse has been seen as being associated with less severe social consequences 
and dependence being associated with more severe cognitive, physiological and 
psychosocial consequences; however it has been argued that the distinction has lim-
ited validity in adolescents [66].

In a systematic review and meta-analysis of epidemiological studies on preva-
lence risk, in people who used cannabis, 22% had a cannabis use disorder, 13% had 
cannabis abuse and 13% had cannabis dependence, with risks higher in people who 
used it daily or weekly and in young people [67].

However, as contrary as it might sound, research suggests that medicinal canna-
bis may be able to assist people with cannabis dependence. In an Australian study, 
a 12-week, randomised controlled trial involving 128 patients with cannabis depen-
dence found that the use of nabiximols (1:1 ratio of THC/CBD) reduced the number 
of days that patients with cannabis dependence consumed cannabis by approxi-
mately 40% compared with those in the placebo group [68]. The study allowed 
flexible dosing (up to 32 sprays daily; THC, 86.4 mg; CBD, 80 mg) with a mean 
dose of nabiximols of 17.6 [9.5] sprays daily (equivalent to a mean [SD] of 47.5 
[25.7]-mg THC and 44.0 [23.8]-mg CBD). The medication was well tolerated with 
few side effects [68].

 Pregnancy and Cannabis Use

According to a very practical paper by MacCallum and Russo, cannabis is gener-
ally contraindicated in pregnancy and lactation and the effect on the foetus and 
neonate is controversial [5]. Knowing what we do about the involvement of the 
ECS in the beginning of life, as well as in growth and development, it is perhaps 
not surprising that cannabis could potentially impact on the developing foetus. 
The ECS is involved in pre-implantation development, embryo transport to the 
uterus and uterine receptivity, and in post-implantation, where it is involved in 
many pathways, including folic acid, BDNF, VEGF and MAPK/ERK. The disrup-
tion of any of these pathways can lead to altered in utero processes, including 
neural development, cellular replication, angiogenesis and tissue differentia-
tion [69].

There is a lack of information about the potential effect of maternal cannabis use 
on the developing foetus. We do know that preclinical research indicates that THC 
readily crosses the placenta, though foetal exposures appear lower than maternal 
[70]. Neurodevelopmental research suggests that prenatal THC exposure may lead 
to subtle changes in some aspects of higher-level cognition and psychological well- 
being [70]. In utero cannabis exposure has been associated with miscarriage, birth 
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defects and developmental delay, though the pathomechanisms are not understood. 
The ability of cannabinoids to inhibit cancer cell growth and apoptosis suggests 
potential pathomechanisms [70].

Association of Prenatal Cannabis Exposure with Sleep Disorders in Offspring
A study comparing 18 children with prenatal cannabis exposure and 20 control 
children analysed sleep variables from polysomnographic recordings at the age of 
3 years. They found that those with prenatal cannabis exposure showed more noc-
turnal arousals (8.2+/−5.3 cf. 3.2+/−4.6, p < 0.003) and lower sleep efficiency than 
the controls [71].

A study analysed baseline data from the Adolescent Brain and Cognitive 
Development (ABCD) study to determine whether maternal reports of prenatal can-
nabis use was associated with sleep disorders in 11,875 children aged 9–10 years. 
The data indicates that any cannabis use in mothers prenatally was associated with 
a variety of sleep problems, including disorders associated with initiating and main-
taining sleep, disorders of arousal, sleep-wake disorders, disorders of excessive 
somnolence and a summed sleep disorder score (all p < 0.03). More frequent prena-
tal daily cannabis use was significantly associated with disorders of excessive som-
nolence (p = 0.03) [72]. Whilst this study does not prove causality, it does add to a 
bank of evidence suggesting that prenatal cannabis use can be detrimental to 
offspring.

Association of Prenatal Maternal Cannabis Use and Autism Spectrum 
Disorder in Offspring
A recent study in Ontario, Canada, retrospectively analysed information on all live 
births between 1 April 2007 and 31 March 2012. They found a statistically signifi-
cant association between prenatal maternal cannabis use and incidence of autism 
spectrum disorder (ASD) in offspring: the incidence of ASD was 4.00 per 1000 
person-years in children with exposure compared with 2.42 in unexposed children, 
with an adjusted hazard ratio of 1.51 (95% confidence interval: 1.17–1.96) in the 
matched cohort. They also found that the incidence of intellectual disability and 
learning disorders was higher amongst offspring of mothers who used cannabis dur-
ing pregnancy, although this association was less statistically robust [73]. Although 
evidence of an association is not evidence of causality, and there could be other 
confounding factors involved, it nonetheless indicates a need for caution.

Jamaican Study: Women Who Smoked During Pregnancy
However, results of a 1991 observational study found no detrimental effects on the 
development of Jamaican children born of mothers who smoked cannabis during 
pregnancy [74]. Children were divided into two groups (one group comprises chil-
dren whose mothers smoked cannabis during pregnancy and the control group com-
prises children whose mothers did not smoke cannabis during pregnancy). Children’s 
development was assessed at 1, 3 and 30 days of age using the Brazelton Neonatal 
Behavioural Assessment Scale and at 4 and 5  years of age using the McCarthy 
Scales of Children’s Abilities. There were no significant differences between the 
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two groups, except at 30 days when the children of mothers who heavily smoked 
cannabis actually had more favourable scores for autonomic stabilities and reflexes 
as well as improved behaviours. Developmental scores at ages 4 and five were cor-
related with aspects of the home environment and regularity of basic preschool 
attendance [74]. Part of the discrepancy with other studies of babies exposed to can-
nabis may be due to the culturally accepted use, but not abuse, of cannabis. 
Furthermore, unlike in comparable studies in developed countries, the use of other 
drugs of abuse were not typically available to  or used by this rural Jamaican 
cohort [74].

 Alcohol and Cannabis

Research indicates that the combination of alcohol and THC has been associated 
with impairment of on-road driving performance and increased driving fatalities 
[75]. The effect on driving of alcohol and cannabis together appears greater than 
either alone, with research suggesting an additive or synergistic effect [75]. This 
topic will be discussed in greater detail in the section on THC.

 Workplace Injuries and Recreational Cannabis Use

A natural concern about cannabis use is whether it could cause accidents in the 
workplace, in particular, in those industries associated with a higher risk of physical 
injury. Several studies have examined the potential association between cannabis 
use and work-related injury. One study was a case-control study that compared the 
proportion of cannabis-positive urine specimens in post-accident samples compared 
with random samples. Any urine samples testing positive for substances other than 
cannabis were excluded from the study. The study failed to find a statistically sig-
nificant association between the numbers of cannabis-positive urine tests for a group 
of random drug tests compared with a group of post-accident drug tests [76].

Another study was a cross-sectional analysis of the Canadian Community Health 
Survey (2013–2016). They found that amongst the 136,536 working individuals, 
2% (n  =  2577) had had a work-related injury in the past 12  months. Of these 

Side Effects of Cannabis-Based Medicines
The following side effects may be associated with cannabis-based medi-
cines [5]:

• Most common: drowsiness/fatigue, dizziness, dry mouth, cough/phlegm/
bronchitis (smoking only), anxiety, nausea and cognitive effects

• Common: euphoria, blurred vision, headache
• Rare: orthostatic hypotension, toxic psychosis/paranoia, depression, 

ataxia/discoordination, tachycardia (after titration), cannabis hyperemesis, 
diarrhoea
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individuals who had had a work-related injury, 4% reported cannabis use during the 
past 12  months. The study found no statistically significant association between 
past- year cannabis use and work-related injury (odds ratio (OR) for work-related 
injury, 0.81; 95% CI 0.66–0.99), and this association did not change when they 
conducted a sub-analysis of occupational groups with a high risk of injury [77].

In another study researchers examined the relationship between three temporal- 
based cannabis measures and five different types of workplace performance using 
data of 281 employees and their direct supervisors. This study found that cannabis 
use before and during work was negatively related to task performance, organisation- 
aimed citizenship behaviours and two types of counterproductive work behaviours; 
however after-work cannabis use was not related to any form of performance of 
employees, positively or negatively, as judged by their supervisors [78].

A systematic review that analysed information from 16 studies found that seven 
(7) studies supported a positive association between cannabis use and occupational 
injury, one study showed evidence that supported a negative association, and eight 
(8) studies found no evidence of a statistically significant association between can-
nabis use and occupational injury. This review also stated that only three (3) of these 
studies showed clear evidence that cannabis use preceded the occupational injury 
event. The conclusion of this systematic review was that the current body of evi-
dence does not provide sufficient evidence that cannabis use increases the risk of 
occupational injury. They also noted that the quality of the studies suggests signifi-
cant biases in the literature due to potential confounding variables, participant selec-
tion and measurement of exposures and outcomes and that future high-quality 
studies are necessary to better elucidate the relationship between cannabis use and 
occupational injury [79]. The National Academies of Sciences, Engineering and 
Medicine report on cannabis and cannabinoids, which used only evidence from sys-
tematic reviews and randomised controlled trials, stated that ‘There is no or insuf-
ficient evidence to support….a statistical association between cannabis use and….
occupational accidents or injuries’ [6].

 Cannabis Use, Psychosis and Schizophrenia

Whilst a discussion of this topic is beyond the scope of this book, we believe that there 
is evidence to suggest an association between cannabis use (recreational) and psycho-
sis and schizophrenia in susceptible individuals. Whether or not this is a causative 
association is still unclear. A review paper [80] provides a comprehensive discussion 
of scientific evidence from a variety of studies, with a focus on adolescents.

Early reports that cannabis might induce psychotic symptoms were published 
40–50 years ago [81–83] however there has been debate as to whether cannabis use 
causes schizophrenia or not for decades [80]. Research indicates that in those with 
a predisposition for schizophrenia, using cannabis exacerbates symptoms and wors-
ens the prognosis [80, 84]. Some epidemiological studies suggest that cannabis use 
is a risk factor for the onset of schizophrenia [80], however it is important to note 
that such studies typically are in relation to recreational use of cannabis and the risk 
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appears to be particularly related to high consumption of cannabis (e.g. [85, 86]). 
For example,  a comprehensive 15-year follow-up study of more than 45,  000 
Swedish conscripts found a relative risk for schizophrenia amongst high consumers 
of cannabis (having used cannabis on more than 50 occasions) compared with non-
users, and this study did factor in other potentially confounding factors like other 
psychiatric illnesses and social background [85]. Another study of more than 50,000 
Swedes found an odds ratio of 6.7 for heavy cannabis users [86]. Other studies 
described in a review paper by Malone et al. [80] also indicate that lifetime cannabis 
use increases the risk of development of psychosis. 

Whether cannabis use actually causes schizophrenia as opposed to precipitating 
it in vulnerable individuals has not been definitively proven either way. A recent 
study analysed genome-wide data, specifically single nucleotide polymorphisms 
(SNPs) associated with cannabis initiation and schizophrenia. This study found 
some evidence consistent with a causal effect of cannabis initiation on the risk of 
developing schizophrenia (odds ratio OR 1.04 per doubling odds of cannabis initia-
tion, 95% CI 1.01–1.07, p = 0.019), but the evidence was much stronger in the other 
direction – there was strong evidence consistent with a causal effect that those indi-
viduals with high risk of schizophrenia were significantly more likely to use can-
nabis (OR 1.10 per doubling of the odds of schizophrenia, 95% CI 1.05–1.14, 
p = 2.64 × 10−5, which is highly statistically significant and very unlikely to be due 
to chance) [87]. There other evidence of a disturbance of the endocannabinoid sys-
tem associated with psychosis. For example, a  meta-analysis published recently 
Minichino et al. [88] indicated that patients with psychosis have an elevated endo-
cannabinoid tone, with significantly higher levels of AEA in their blood and cere-
brospinal fluid along with a higher expression of CB1 receptors in peripheral 
immune cells than in the brain [89]. A neuroimaging study using positron emission 
tomography in humans found that the normal inverse relationship between periph-
eral endocannabinoids and CB1 receptor availability was not maintained in first 
episode psychosis patients providing further evidence of endocannabinoid system 
dysregulation in schizophrenia [90]. 

Adolescents may be particularly vulnerable to the effects of cannabis and THC, 
and when one considers the developmental changes occurring in the adolescent brain, 
this is biologically plausible. As we saw in the chapter on the endocannabinoid sys-
tem, the brain is undergoing robust development and maturation during adolescence, 
in particular in certain areas of the brain, such as the corticolimbic region relevant to 
emotions and our stress response. Adolescence, in addition to early life, is also a 
period of high neural plasticity and during this time the endocannabinoid system is 
also undergoing changes. Research indicates endocannabinoid system involvement in 
the early post-natal and adolescent development on stress reactivity of the HPA axis, 
the corticolimbic system and behaviour. Adolescence therefore represents a critical 
stage in development and a period of susceptibility to disturbance [91]. 

According to Malone et al. [80], exposure to cannabis and THC in adolescence 
may disturb the normal developmental processes occurring in the central nervous 
system and could possibly lead to a predisposition to develop schizophrenia. This 
might involve GABAergic and dopaminergic dysfunction. Genetic predispositions 
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including polymorphism in the COMT gene might also be involved [80]. However, 
whether or not cannabis use in adolescence causes schizophrenia is still unde-
cided [80].

It is worth noting, however, that it is the THC in cannabis that appears to be of 
concern in relation to psychosis and schizophrenia. CBD, on the other hand, appears 
to have antipsychotic effects with potential as a non-dopaminergic treatment for 
psychosis [89]. There appears to be several potential mechanisms of action under-
pinning its antipsychotic effects, including being able to antagonise CB1 agonists, 
upregulating AEA, modulating the function of neural substrates involved in various 
cognitive processes that are impaired in patients with psychosis and modulating 
brain function in those regions believed to be altered in patients with psychosis and 
involved in the onset of psychosis and psychotic symptoms (e.g. hippocampus, stri-
atum and midbrain) [89]. Since there is evidence that inflammation and immune 
reactivity is also involved in the pathomechanism of schizophrenia [92], one can 
also hypothesise that this might be another way in which CBD might potentially be 
of therapeutic value.  In general, MacCallum and Russo caution that cannabis is 
contraindicated as a medicine in patients with psychosis, except CBD-predominant 
preparations [5]. 

 Safety of THC

Adverse events due to medicinal cannabis products containing THC, in particular, 
proprietary forms where dosage can be controlled, are usually dose-dependent. With 
low doses of THC, there may be none or only slight effects as described below. Any 
adverse effects will depend on the individual including, in particular, their metabolism.

According to McPartland & Russo, more psychological side effects occur with 
synthetic THC than whole cannabis (e.g. symptoms such as dysphoria, depersonali-
zation, anxiety, panic reactions, and paranoia) [93, 94]. Other constituents in can-
nabis may mitigate the side effects as well as improve the therapeutic activity of 
THC [95]. Brown states that medicinal cannabis containing THC should be used 
with caution in individuals with pre-existing depression, schizophrenia or anxiety as 
THC has been shown to exacerbate these conditions, and recommends avoiding the 
concurrent use of THC and drugs which are known to increase the risk of such con-
ditions [61]. He also recommends taking care in patients taking immunosuppressant 
medications due to the possibility of increased infection risk associated with THC 
found in animal studies [61]. 

 Possible Side Effects of THC

THC has very similar pharmacological and subjective effects to cannabis. The follow-
ing may be experienced: euphoria; laughter and increased loquacity; increased appe-
tite; dry mouth and occasional dizziness; enhanced visual, olfactory and auditory 
perceptions; drowsiness; slowed reaction time; headache; subtle cognitive deficits 
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(e.g. impaired attention and short-term memory impairment); blurred vision, depres-
sion, paranoia and impaired verbal recall [30, 51, 96]. With higher doses, side effects 
can include anxiety, panic, confusion and disorientation in some users [51].

THC can also cause nausea and vomiting in some users [51, 97]. Cannabinoid 
hyperemesis syndrome, characterised by uncontrolled vomiting (with some relief 
by taking warm showers), is a rare side effect, with roughly 80 reported cases, 
occurring mostly in chronic cannabis users [98].

THC can provoke transient psychosis-like psychological phenomena in some 
healthy people [51, 99, 100]. In a study of 22 healthy individuals (who had been 
previously exposed to cannabis but did not meet the lifetime criteria for cannabis 
use disorder), it was found that administration of intravenous THC (99.6% purity) 
was associated with several transient phenomena, including positive symptoms, 
negative symptoms, perceptual alterations, euphoria, anxiety and deficits in work-
ing memory, recall and executive control of attention without altering general orien-
tation.  Positive symptoms included suspiciousness, paranoid and grandiose 
delusions, conceptual disorganisation, illusions, depersonalisation, derealisation, 
distorted sensory perceptions, altered body perception, feelings of unreality and 
extreme slowing of time. Negative effects included blunted affect, reduced rapport, 
lack of spontaneity, psychomotor retardation and emotional withdrawal [99].

In contrast, in a study of cannabis-dependent subjects who were smoking an 
average of four cannabis joints per day for several years, minimal effects of THC on 
cognitive test performance were found [101].

World Health Organization Report on THC
According to the World Health Organization:

• The effects of THC are mostly subject to tolerance with repeated exposure [102].
• Randomised controlled trials (RCTs) in which THC has been given daily for 

years generally report low to moderate toxicity and a low incidence of serious 
adverse events [51].

Meta-analysis of Medicinal Cannabis for Mental Health: Safety Findings
A recent meta-analysis of medicinal cannabis products for mental health conditions 
also looked at safety data. It found the following for pharmaceutical-grade medici-
nal cannabis products containing THC and CBD, set out in Table 11.2. In five of the 
seven studies, there is no evidence that there were more adverse events associated 
with medicinal cannabis compared with placebo.

 Toxicity of THC

According to the WHO report on THC, the toxicity of THC is very low compared 
with most other recreational and pharmaceutical drugs. The report states that: ‘It has 
been calculated that a lethal dose in a 70 kg human would be approximately 4 g and 
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that such a dose could not be realistically achieved in a human following oral con-
sumption, smoking or vaporising the substance, as Δ9-THC has a large margin of 
safety’ [51]. It also states that the absence of mortality with THC may reflect the low 
density of CB1 receptors in the brainstem regions controlling cardiovascular and 
respiratory functions [51]. However, as mentioned previously in the section “Safety 
of Cannabis”, there is evidence that challenges this idea that no one has died from 
cannabis (see this section as this is relevant to THC).

 Cardiovascular Effects of THC

THC is generally contraindicated in people with pre-existing heart disease [21]. As 
previously discussed, MacCallum and Russo state that cannabis should be used 
with caution in those with unstable cardiac conditions including angina, because of 
tachycardia and possible hypotension due to the THC (though they report that it 
produces no QTc issues) [5]. THC has sympathomimetic properties, and dronabi-
nol (synthetic THC) has been associated with increased risk of hypertension, hypo-
tension, syncope and tachycardia [21]. Therefore, there can be additive side effects 
(e.g. hypotension, hypertension, syncope and tachycardia) due to the concurrent 
use of cannabinoids and medications with similar cardiovascular adverse 
events [104].

A meta-analysis found that acute THC exposure in humans induces tachycardia 
with an average increase in HR of 8.16 beats per minute (bpm), which is highly 

Table 11.2 Adverse events for pharmaceutical-grade THC-CBD medicinal cannabis products for 
mental health conditions (adapted from [103] meta-analysis)

Adverse Events 
THC-CBD Comparison

No. of studies 
(No. of 
participants)

Odds Ratio (OR), 
95% Confidence 
Interval (CI)

Statistical 
Interpretation

Adverse events, 
all-cause

Active 1 (60) 1·59 (0·57 to 4·45) Not significant, i.e. 
could have occurred 
by chance

Adverse events, 
all-cause

Placebo 10 (1495) 1·99 (1·20 to 3·29) 
THC-CBD > Placebo

Significant

Serious adverse 
events, all-cause

Placebo 4 (954) 1·29 (0·94 to 1·77) Not significant, i.e. 
could have occurred 
by chance

Treatment- 
emergent adverse 
events, all-cause

Placebo 2 (385) 1·32 (0·79 to 2·20) Not significant, i.e. 
could have occurred 
by chance

Withdrawals, 
all-cause

Placebo 15 (2299) 1·51 (0·96 to 2·36) Not significant, i.e. 
could have occurred 
by chance

Withdrawals due 
to adverse events*

Active 2 (252) 0·54 (0·17 to 1·68) Not significant, i.e. 
could have occurred 
by chance

Withdrawals due 
to adverse events*

Placebo 11 (1621) 2·78 (1·59 to 4·86)
THC-CBD > Placebo

Significant
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statistically significant (p < 0.00001) [105]. The effects of THC on cardiovascular 
function are generally dose-dependent, such as the dose-dependent tachycardia 
[105]. However, research indicates that the haemodynamic effects of THC may vary 
with exposure over time and that tolerance to these effects may occur [51]. For exam-
ple, as stated in the WHO report on THC [51], in a study where oral THC was admin-
istered to 12 healthy male participants with an escalating dosing regimen over 
20 days (up to 210-mg THC per day; 7 × 30 mg oral doses), they found that THC 
promoted tachycardia early in the treatment period; however at later stages it 
decreased supine systolic and diastolic blood pressure (DBP) and decreased 
HR [106].

Animal studies are not considered particularly relevant to understanding the car-
diovascular effects in humans since THC generally promotes bradycardia and hypo-
tension in laboratory animal species (opposite to what is observed in humans) [51].

Warning labels for Sativex (combination of THC and CBD in a 1:1 ratio) state 
that it is contraindicated in people with pre-existing cardiovascular disease, which 
is likely to be due to the sympathomimetic properties of THC  [61]. Studies in 
dronabinol (synthetic THC) have found that it can cause hypotension, hypertension, 
syncope and tachycardia [61]. 

Blood Pressure and THC
There is a difference in the findings of studies in the literature in relation to the 
effect of medicinal cannabis and THC on blood pressure, and this could be due 
to the differences in acute dosing compared with chronic dosing. A few studies 
have found that cannabis and THC is associated with increased systolic blood 
pressure (SBP), for example, one which investigated the effect of a single 
smoked cannabis cigarette on people with OCD [107]. In another acute dosing 
study, nine cannabis smokers (most in their 20s, age range of 19–43 years) were 
randomised to receive (over five experimental sessions) placebo, oral synthetic 
THC (5 and 15 mg) and low (5.4-mg THC, 5.0-mg CBD) and high (16.2-mg 
THC and 15.0-mg CBD) doses of nabiximols. This study found no differences 
in SBP between groups, but it did find significant decreases in DBP in the high 
THC group (mean change of 2.71+/−1.01 mmHg), low nabiximols group (mean 
change of 4.52+/−1.00  mmHg) and high nabiximols group (mean change 
4.27 ± 1.01 mmHg) compared with the placebo group [33, 34]. In both the 15-
mg oral THC and high-dose nabiximols group, the HR was significantly 
increased (mean change of 5.86 ± 1.09 and 6.93 ± 1.09, respectively) compared 
with that in placebo [33, 34]. Many of the acute dosing studies have been con-
ducted on younger people [108].

A few studies of older adults focused on an oral drug containing pure THC 
yielded mixed results. A study of dementia patients found a small increase 
(2.6 mmHg) in SBP with a higher dose (1.5 mg twice daily) of THC (Namisol) 
compared with placebo (this effect occurred within 4 hours of the first tablet intake), 
but no effects on HR or DBP were observed [109]. Another RCT in dementia 
patients (mean age of 78 years) used a dosage of 1.5 mg three times daily over three 
weeks and found no differences between the treatment and control (placebo) groups 
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in terms of blood pressure, HR and weight [110]. In a small study (n  =  12) of 
healthy older adults (mean age of 72.1 years, range 65–80 years) which assessed 
three doses of pure THC (Namisol, 3 mg, 5 mg and 6.5 mg) and placebo found no 
‘clinically relevant changes in systolic or diastolic blood pressure’ defined as a dif-
ference of 20 mmHg and 15 mmHg at rest, respectively) nor HR (defined as a dif-
ference of 20 bpm) compared with placebo [111].

A recent study assessed change in blood pressure with more chronic dosing, 
which is more reflective of real life, and in an older population. A prospective study 
of 26 patients aged 60 years or older (mean age of 70.42+/−5.37 years) with hyper-
tension and a new prescription for cannabis (20 used oil orally, 4 smoked cannabis 
and 2 used a combination of oil and smoking) found that at the end of three months, 
the mean 24-hour systolic and DBP were decreased by 5.0 mmHg and 4.5 mmHg, 
respectively (p  <  0.001 for both), and the percentage of dippers increased from 
27.3% before treatment to 45.5% at the end of 3 months. In addition, fasting blood 
glucose was significantly decreased in men (not women), with a mean decrease of 
15.58 ± 24.36 mg/dL in males. There were no significant changes in other parame-
ters, including lipids, HbA1C, fasting insulin, C-reactive protein, kidney function 
tests, electrolytes, ECG parameters and anthropometric measurements [108].

Some of the changes in blood pressure are related to different activities after dos-
ing. One caution is orthostatic hypotension that can occur with THC or CBD 
because of reduced vascular resistance. Thus, patients, especially the elderly, should 
be cautioned about rapid postural changes in the early use of medicinal cannabis to 
avoid falls and unnecessary emergency visits [112]. Brown cautions that there may 
be the potential for THC to adversely reduce blood pressure in older people, in par-
ticular in those taking antihypertensives or other drugs that cause hypotension or 
syncope (e.g. medications with anticholinergic effects), potentially leading to 
falls [61]. 

Since there seems to be a potential for THC to lower blood pressure, it is prudent 
to monitor blood pressure in patients taking medicinal cannabis products con-
taining THC.

 THC, Alcohol and Driving

Research indicates that the effect of the combination of cannabis and alcohol is 
greater than that when either is taken alone, and the effect is either additive or pos-
sibly synergistic [75].

A low dose of alcohol (i.e., blood alcohol concentrations around 0.04%) was 
found to impair driving performance in all tests, and the effects of smoking cannabis 
on driving performance were small (100 μg/ kg THC) or moderate (200 and 300 μg/ 
kg THC) when taken alone. However, when combined with a low dose of alcohol 
(alcohol sufficient for attaining a BAC of about 0.04%), low to moderate doses of 
THC (100 and 200 μg/kg) severely impaired driving performance [113]. This was 
supported by a case-control study that found that drivers positive for both have 
greater odds of making an error in driving than for either substance alone [75]. Other 
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research supports the content that the risk associated with a combination of alcohol 
and cannabis is greater than from either alone or placebo [114–116].

In a study of the potential effect of alcohol, cannabis and combined alcohol and 
cannabis use on driving, current occasional (≥1×/last 3 months, ≤3 days per week) 
cannabis smokers were given either placebo or low-dose alcohol and inhaled 500- 
mg placebo, low (2.9%) or high (6.7%) THC vaporised cannabis over 10 min ad 
libitum in separate sessions (within-subject, six conditions). They then participated 
in simulated driving 0.5–1.3 h post-inhalation (6 sessions). Cannabis use was asso-
ciated with slower driving, an increased tendency to drive below the speed limit 
and increased following distance. In comparison, alcohol was associated with 
increased standard deviation of speed and time spent above the speed limit, but it 
had no effect on following distance. THC concentration-dependent associations 
were found with decreased speed, increased time below the speed limit and 
increased following distance. This seems to indicate drivers may have been aware 
of their potential impairment and were trying to compensate [117]. This study did 
not find interactions between cannabis and alcohol for most of the driving behav-
iors investigated, except for a less than additive  interaction between THC and 
breath alcohol concentration for % ‘speed high’. Whilst the researchers explained 
this could suggest a possible mitigation of alcohol effects by THC on time spent 
above the speed limit, it does not necessarily mean that the combination of THC 
and alcohol results in safer driving and that certainly other studies suggest the 
combination is likely to be less safe [117].

The take-home message to patients should be to not combine THC-containing 
medicines and alcohol.

 Drug-THC Interactions

See Section on “Drug-Cannabinoid Interactions” after the section on CBD.

 THC in Individuals with Substance Use Disorders

Whilst much of the literature on cannabis use disorder and cannabis dependency or 
addiction relates to smoking of cannabis, typically for recreational purposes, there 
nonetheless remains the potential for development of dependency for THC with 
medicinal forms of cannabis. For this reason it should be used with caution in indi-
viduals with previous or current substance use disorders, such as opioids, nicotine, 
alcohol and illicit drugs [21].

However, there are studies indicating that medicinal cannabis may be an ‘exit 
drug’ for other addictive medicines. As mentioned previously, an Australian study 
of patients with cannabis dependence found that nabiximols use reduced the num-
ber of days patients consumed cannabis by approximately 40% [68]. Additionally, 
evidence suggests medicinal cannabis may be able to reduce opioid use [118]. For 
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example, a cohort study in New Mexico followed 37 habitual chronic pain sufferers 
taking opioids who were enrolled in the Mexico Cannabis Program (MCP) and 
compared them with 29 patients with chronic back pain not enrolled in the MCP. At 
the end of 21 months, enrolment in the MCP was associated with a 17.27 higher 
odds of ceasing opioid use (CI 1.89–157.36, p = 0.012), a 5.12 higher odds of reduc-
ing daily opioid dosage and a 47% reduction in daily opioid dosage compared with 
10.4% change in the control group. The MCP group had significant improvements 
in pain reduction, quality of life, social life and activity levels and few side effects 
one year after enrolling in the MCP [118].

 Safety of CBD

CBD is regarded as having a good safety profile, with a relatively low toxicity [102]. 
A WHO Expert Committee on Drug Dependence Report on CBD published in 2018 
concluded that: ‘Across a number of controlled and open label trials of the potential 
therapeutic effects of CBD it is generally well tolerated, with a good safety pro-
file’ [102].

A recent meta-analysis conducted at the University of NSW in Australia found 
that the few RCTs that examined adverse events and withdrawals due to 
pharmaceutical- grade CBD products or ‘medicinal cannabis’ (which they defined 
as cannabis buds/leaves or whole plant extracts) found no significant increases in 
the numbers of people having adverse events or withdrawing from the RCTs in 
comparison with active or placebo comparators [103]. CBD is not associated with 
the typical effects caused by cannabis or THC, e.g. psychological effects, impair-
ment of psychomotor and cognitive performance and increased HR [119]. CBD has 
actually been found to cause the opposite effects to THC [119].

 CBD Adverse Effects

CBD adverse effects appear to be generally mild. An audit of 397 patients pre-
scribed CBD at Cannabis Care in New Zealand (medicinal cannabis has been avail-
able since 2017  in New Zealand) assessed indications for use, patient-reported 
satisfaction, incidence of side effects and patient titrated dosage levels of CBD. CBD 
was found to be well tolerated with mild adverse events, most commonly related to 
sedation (this occurred in 2% of the sample who completed follow-up) [120]. Of the 
253 patients who were followed up and provided data on adverse effects, adverse 
effects were experienced in 25 (9.9%) of the patients. Adverse effects included 
sedation (2.0%), vivid dreams (2.0%), emotional disturbances (e.g. irritable, 
depressed and anxious) (2.0%), disorientation (1.2%), sleeplessness (0.4%), nausea 
(0.4%), constipation (0.4%), diarrhoea (0.4%), headaches (0.4%), oral mucosa irri-
tation (0.4%) and hallucinations (0.4%). Positive side effects found were improved 
appetite (2.8%) and improved sleep (12.3%) [120].
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 CBD Is Not Addictive

CBD is not addictive. The WHO Report states: ‘In humans, CBD exhibits no effects 
indicative of any abuse or dependence potential’. It also states: ‘To date, there is no 
evidence of recreational use of CBD or any public health related problems associ-
ated with the use of pure CBD [102].

 CBD Does Not Convert to THC

There has been some contention in the literature, with some animal studies sug-
gesting that CBD might convert to THC and other studies refuting this [121]. 
However, the evidence seems very clear that in humans, this does not occur [102, 
121, 122].

 What Does the Preclinical Research on CBD Show in Relation 
to Safety?

The World  Health Organization  2018 report on CBD reveals some preclinical 
research findings:

• ‘CBD affects growth of tumoral cell lines, but has no effect in most non tumour 
cells. However, a pro-apoptotic effect has been observed in lymphocytes.

• It has no effect on embryonic development (limited research)
• Evidence on potential hormonal changes is mixed, with some evidence of pos-

sible effects and other studies suggesting no effect, depending on the method 
used and the particular hormone

• It has no effect on a wide range of physiological and biochemical parameters or 
significant effects on animal behaviour unless extremely high doses are adminis-
tered (eg. in excess of 150 mg/kg iv as an acute dose or in excess of 30 mg/kg 
orally daily for 90 days in monkeys)

• Effects on the immune system are unclear; there is evidence of immune suppres-
sion at higher concentrations, but immune stimulation may occur at lower con-
centrations’ [102].

 Toxicity of CBD

The LD50 for CBD in rhesus monkeys was found to be 212 mg/kg with intravenous 
administration [123], which indicates very low toxicity [124]. Whilst the oral LD50 
has not been reported in the literature yet, an oral dose of CBD 20–50 times higher 
than the intravenous dose used in rhesus monkeys was found to cause severe 
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toxicity [123, 124]. Several studies have been conducted and have not found any 
mutagenic or teratogenic effects induced by CBD [124, 125].

A recent hepato-toxicology study in mice found that for acute toxicity testing, no 
significant changes in liver enzymes were found for a dose of 246  mg/kg CBD 
(equivalent to MED of 20 mg/kg, analogous to those used in clinical trials). At 3 
times this dose, there were significant increases in ALT and AST. Ten times the 
initial dose was associated with increased liver-to-body weight ratio, ALT, AST and 
total bilirubin. In the sub-acute toxicity testing using a starting dose of 61.5 mg/kg 
(equivalent to a MED of 5 mg/kg, analogous to starting target doses used in clinical 
trials in treatment-resistant epilepsy), no changes were observed at the base dose or 
3X starting dose. Mice receiving 10X starting dose developed a moribund condition 
around days 3 and 4 and had increased liver-body weight ratios and raised liver 
enzymes [126].

In clinical studies of Epidiolex®, a plant derived CBD isolate, high doses were 
associated with elevated liver transaminases. However, it is important to put this in 
perspective of total dose and other drugs in use. In Epidiolex epilepsy trials, eleva-
tions in liver function tests for alanine aminotransferase (ALT) were reported in 1% 
of patients taking CBD 10 mg/kg/day compared with 17% of patients taking CBD 
20 mg/kg/day. However, all but one case occurred in patients taking valproate and/
or clobazam [127]. Most elevations resolved whilst the patient continued on treat-
ment either with the same treatment regimen or with reduced medications, such as 
reduced CBD or AED doses [128].

In full spectrum medicinal cannabis products, the average doses are considerably 
lower than those used for the highly purified CBD (Epidiolex) associated with liver 
stress. In one typical clinical study, the starting dose for CBD in an open-labelled 
study of PTSD was 25  mg per day (which represents 0.35  mg/kg/day based on 
70 kg body weight), and the mean daily dose at the end of the 8-week study was 
48.64 mg (i.e. 0.69 mg/kg/day) [129]. In another study clinicians in a community 
psychiatric facility found that 12 mg to 25 mg of once-daily CBD herbal extract 
appears to provide relief of key symptoms in anxiety and sleep disorders with mini-
mal side effects [130]. Thus, there appears to be a wide margin of safety between 
the low doses of CBD herbal extracts (less than 0.5 mg/kg) and high doses of puri-
fied CBD (20 mg/kg/day) seen in toxicity reports.

In a study of individuals with mild, moderate and severe impaired liver function, 
ingesting a single 200-mg dose of isolate CBD achieved higher total corresponding 
levels of CBD 1.48, 2.45 and 5.15 times that of controls (area under the curve expo-
sure), but there were no acute changes in liver function studies from baseline, nor 
were there any significant adverse events [131].

 CBD-Drug Interactions

See Section on “Cannabinoid-Drug Interactions” at the end of the CBD section.
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 Studies of CBD in Epilepsy: Side Effects

Several studies conducted on epilepsy, including severe forms of epilepsy, such as 
Dravet syndrome and Lennox-Gastaut syndrome, have assessed side effects associ-
ated with concomitant anti-epilepsy medication and CBD.  These have included 
popular rashes, diarrhoea, somnolence, pyrexia, decreased appetite, vomiting, 
fatigue, pyrexia, convulsion and abnormal results on liver-function tests [132–113]. 
Interactions with the drugs clobazam, valproate and n-desmethylclobazam were 
implicated in several of the studies [133, 134, 137]. In general, the adverse reactions 
have been mild-moderate in severity and have resolved upon reduction of the dos-
age or discontinuation of the pharmaceutical or CBD. Transient elevations of liver 
enzymes were noted in some studies [134, 138].

The difficulty of extrapolating these findings to other conditions is that the dos-
ages of CBD used to treat epilepsy tend to be of the order of 20 mg/kg per day (i.e. 
a 30-kg child would take 600 mg per day), which is typically a much greater dosage 
than is required to treat many other conditions. In addition, these patients tend to be 
taking several anti-epileptic medications. Thus, the CBD-drug interactions may be 
dose-related, that is, they may be due to the high doses of CBD used (as well as 
polypharmacy).

 CBD and Alcohol

The question of whether CBD may also interact adversely with alcohol has been 
investigated. This is important given the fact that beer containing CBD is now being 
manufactured in some countries. It should be noted that even high doses of oral 
CBD have not been found to cause THC- or cannabis-like effects [119].

A small double-blind, randomised cross-over study published in 1979  in 10 
healthy volunteers (6 men, 4 women) compared placebo (glucose capsule and 
orange juice), CBD (200-mg capsule and orange juice), alcohol (1 g/kg in orange 
juice and glucose capsule) and CBD (200-mg capsule) plus alcohol (1  g/kg in 
orange juice). The combination of alcohol plus CBD resulted in significantly lower 
blood alcohol levels compared with alcohol alone. However, alcohol alone and alco-
hol plus CBD (but not CBD alone) both induced significant impairments in motor 
and psychomotor performances, and there were few differences between the phar-
macological effects of alcohol and alcohol plus CBD [139].

In fact, the use of CBD as a potential therapy for alcoholism is being investi-
gated. Transdermal and intraperitoneal delivery of CBD has been found to prevent 
alcohol-induced neurodegeneration in a rodent model of alcohol use disorder [140].

 CBD and Blood Pressure

It is known from preclinical studies that CBD causes vasorelaxation of isolated 
arteries as well as reduces vascular inflammation [141]. A systematic review and 
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meta-analysis of in vivo haemodynamic effects of CBD found that under non-stress 
conditions, CBD had no significant effects on haemodynamics but that in response 
to stress, it reduced the increase in blood pressure and HR; it also increased cerebral 
blood flow in mice stroke models [142].

There have been a limited number of studies assessing the effect of CBD on 
blood pressure and other haemodynamic indices in humans.

A small randomised, double-blind, cross-over study was conducted on 9 healthy 
men who were given 600 mg of CBD or placebo [143]. The study found that CBD 
reduced resting SBP with a mean decrease of 6 mmHg (95% CI −12 to −1 mmHg, 
p  <  0.05). There was no difference in DBP and mean arterial pressure (MAP) 
between the two groups.

Volunteers were then exposed to a mental stress test and a physical exercise 
stress test, with results as follows:

• Mental stress test: CBD was associated with a significantly lower resting SBP 
(mean −6 mmHg, 95% CI −12 to −1 mmHg, p < 0.05) compared with the pla-
cebo group, but there was no difference between groups in DBP or MAP.

• Physical exercise stress test: CBD was associated with significantly lower SBP 
(mean −5 mmHg, 95% CI −10 to −1 mmHg, P < 0.05) and significantly lower 
MAP (mean −5 mmHg, 95% CI −9 to −2 mmHg, p < 0.05). They found that 
those who had taken CBD had increased HR during the physical stress test (mean 
increase of 10 bpm, 95% CI +5–14 bpm, p < 0.01) [143].

In a later randomised, placebo‐controlled, double‐blind, parallel study design, the 
effects of acute and seven days of repeated dosing of CBD on haemodynamics, includ-
ing SBP, DBP, HR and MAP, were assessed. Twenty-six healthy males were given 
either CBD (600 mg, n = 13) or placebo (n = 13) orally for seven days. Cardiovascular 
parameters were assessed at rest and under stress (in response to isometric exercise) 
after acute and repeated dosing [141]. The results were as follows:

• Acute CBD dosing at rest: no significant difference between groups in the SBP 
or DBP or HR, but there was a significantly reduced MAP of −2 mmHg (95% CI 
−3.6 to −0.3)

• Repeated dosing (7 days) at rest: no difference between the two groups in the 
SBP, DBP, HR or MAP (suggesting tolerance)

• Acute CBD dosing under physical stress: those in the CBD group had signifi-
cantly lower SBP than the placebo group (mean decrease of 6 mmHg, 95% CI 
−0 to −1 mmHg, p = 0.001)

• Repeated CBD dosing (7 days) under physical stress: those in the CBD group 
had significantly lower SBP than the placebo group (mean decrease of 5.7 mmHg, 
95% CI −10 to −1 mmHg, p = 0.02) and CBD was associated with a significant 
increase in internal carotid artery diameter (mean increase of 
+0.55 mm, p = 0.01) [141]
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Thus, acute or repeated dosing over 7 days of CBD did not affect blood pressure 
in the resting state, but it did lower SBP under conditions of physical stress.

Within the CBD group, repeated dosing significantly reduced arterial stiffness by 
day 7 compared with day 1, suggesting that CBD may benefit vascular function, in 
particular under stress [141].

Like the previous study by Jadoon et al. [143], this study found a blunting effect 
of CBD on blood pressure changes in response to stress, but unlike the previous 
study, this later study did not find a significant increase in HR in association with 
CBD [141]. CBD was relatively well tolerated. The following side effects were 
reported post-CBD administration: lack of appetite on day 4 (n = 1), headache on 
day 3 (n = 1), insomnia on days 2 and 3 (n = 1), hyperactivity on days 2 and 3 (n = 1) 
and dysuria on days 5 and 6 (n = 1). Those in the placebo group reported migraine 
(n = 1) and light headedness on day 6 (n = 1) [141].

 Whole Spectrum CBD Versus Pure Isolate: Any Difference in Side 
Effects (and Efficacy)?

A meta-analysis of observational studies of treatment of refractory epilepsy was 
conducted to investigate whether there was any difference between CBD-rich 
extracts compared with purified CBD products in terms of safety and efficacy. The 
analysis included 11 studies (670 participants) [144]. The results indicate that higher 
efficacy, fewer adverse events and lower mean daily doses were achieved with the 
CBD-rich extracts compared with purified CBD:

• A greater percentage of patient reports of improvement was found in those 
treated with CBD-rich extracts compared with those treated with purified CBD 
(71% compared with 46%, p < 0.0001), though when the standard clinical thresh-
old of a ‘50% reduction or more in the frequency of seizures’ was applied, there 
was no statistically significant difference between the two groups (39% com-
pared with 37% in the pure CBD group, p = 0.52).

• Those treated with CBD-enriched products had fewer mild (33% compared with 
76%, p < 0.001) and severe (7% compared with 26%, p < 0.0001) adverse events 
compared with those treated with purified CBD [144].

• Those treated with CBD-rich extracts used a lower mean dose per day (6.0 mg/
kg/day) compared with those treated with purified CBD (25.3 mg/kg/day) [144].

This meta-analysis was conducted on epilepsy only. Comparisons within other 
clinical conditions would be very interesting.

 What Doses of CBD Are Considered Safe?

CBD has been found to have a large therapeutic window. Chronic use and high 
doses of up to 1500  mg per day were repeatedly shown to be well tolerated by 
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humans [145]. In the New Zealand study on CBD mentioned earlier [120], amongst 
those who completed the course of CBD, dosage information was available for 110 
of the 253 followed-up patients. Dose varied widely between patients, ranging from 
40 mg/day to 300 mg/day. Statistical analysis did not find any significant associa-
tion between dosage and patient-reported benefit from CBD (p = 0.145). The study 
found that 9.9% of the followed-up patients reported adverse effects, the most com-
mon being sedation (2%), vivid dreams (2%) and emotional disturbances (2%).

Very high doses of CBD are typically prescribed for epilepsy. Product informa-
tion on the tolerability of Epidiolex, a pharmaceutical-grade, plant-derived CBD 
product registered for use in the treatment of severe forms of epilepsy, states: ‘Based 
on individual clinical response and tolerability, EPIDIOLEX can be increased up to 
a maximum recommended maintenance dose of 10 mg/kg twice daily (20 mg/kg/
day)’ [127]. A 12-week study conducted on children and young adults with epilepsy 
(who were taking a median of three anti-epileptic drugs) found that the mean CBD 
dose of 22.9 mg/kg (SD 9.1) at the end of 12 weeks was not correlated with the 
number of adverse events [132].

 Drug-Cannabinoid Interactions

It is important to be careful of the potential interactions between pharmaceuticals 
and cannabinoids, but it is also important to keep it in perspective.

According to a review of the potential for phytocannabinoids to act as substrates, 
inhibitors or inducers of human drug-metabolising enzymes, ‘Studies of THC, CBD 
and CBN inhibition and induction of major CYP-450 isoforms generally reflect a 
low risk of clinically significant drug interactions with most use, but specific human 
data are lacking’ [146].

CBD is implicated more in drug-phytocannabinoid interactions than THC [21]. 
According to the WHO, there is potential for CBD to be associated with drug inter-
actions through the inhibition of some cytochrome P450 enzymes, but it is not yet 
clear whether these effects occur at physiological concentrations [102].

 Metabolism and Drug-Drug Interactions

To recap, most xenobiotic medicines are metabolised by the phase I hepatic cyto-
chrome P450 enzyme system followed by phase II conjugation reaction, which is 
catalysed by the hepatic UDP-glucuronosyltransferase (UGT) enzymes. These two 
systems together metabolise over 90% of pharmaceuticals dependent on metabo-
lism in the liver [104]. Most drugs are metabolised by a small number of the CYP 
enzymes [147].

In general, interactions between drugs are explained by alterations in the hepatic 
(and extra-hepatic tissue) metabolic enzymes, with many of the pharmacokinetic 
interactions due to the liver CYP enzymes being affected in some way by the admin-
istration of other drugs. Following co-administration, some drugs act as enzyme 

Drug-Cannabinoid Interactions



546

inducers, and others can act as enzyme inhibitors, with the latter being much more 
common [147], whilst some compete as substrates for an enzyme.

However, there can also be pharmacodynamic effects associated with drug- 
cannabinoid interactions. For example, cannabis can have sedative effects, which 
can be potentiated by concomitant use of medications with similar effects, such as 
benzodiazepines and opioids [21].

Interactions between phytocannabinoids and drugs can arise if the cannabinoid 
inhibits, induces or competes as a substrate for a metabolic enzyme that metabolises 
a drug (or another herb or food) [104].

Overall, cannabinoid metabolism is mainly by the CYP3A4, CYP2C9 and 
CYP2C19 enzymes and the UGT1A9 and UGT2B7 [104]. Around 60% of clini-
cally prescribed drugs are metabolised by CYP3A4 [145].

 Main P450 Enzymes Metabolising CBD

CYP3A4 and CYP2C19 are the main contributors to CBD metabolism [21, 146], 
with others being CYP2C9, CYP1A2, 2C8, 2B6 and 2E1 [21, 22].

CBD has mixed effects on the CYP enzymes. CBD inactivates some CYP 
enzymes in the short term but then, like anticonvulsants, induces them with chronic 
dosing [145]. Upregulation of the CYP3A4, CYP2C and CYP2B10 messenger 
RNA has occurred in mice, and induction of CYP1A1 occurred in vivo. In contrast, 
CBD seems to be the inhibitor of the CYP2C8, CYP2C9, CYP2C19, UGT1A9 and 
UGT2B7 (uridine glucuronyl transferase) metabolism [148]. Drugs such as rifampin 
and ketoconazole that act as inducers or inhibitors of CYP pathways can reduce or 
increase CBD levels by 59% downward or 165% upward, respectively [148].

 Main CYP Enzymes in the Metabolism of THC

THC is less implicated in drug-phytocannabinoid interactions than CBD [61]. 
However, it can have effects at clinically relevant doses.

It is understood that CYP2C9 and CYP3A4 are the main enzymes involved in the 
primary metabolism of THC [146], with secondary metabolism occurring through 
several pathways: THC-COOH by several UGT isoforms, 7-OH Δ8-THC by 
CYP-450 isoforms (mostly CYP3A4), 11-OH-Δ9-THC by several UGT isoforms, 
11-oxo-Δ8-THC by CYP450 isoforms (mainly CYP2C9) and some of the Δ8-THC 
epoxide metabolites by epoxide hydrolase (see [146]).

Potential interactions between THC and drugs are mainly due to THC conver-
sion/metabolism by CYP3A4 and CYP2C9, which can be impacted by common 
pharmaceuticals [61].

However, THC has broad inhibitory effects on several P450 enzymes and also on 
carboxylesterase 1 (important in the metabolism of many drugs) [61, 149]. This can 
obviously then impact on metabolism and the bioavailability of other drugs metabo-
lised by these enzymes.

A meta-analysis [149] found the following:
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• CYP2D6, CYP2C19, CYP2B6 and CYP2J2 are inhibited by THC (and CBD).
• CYP2C9*, CYP1A1/2** and CYP1B1 are likely to be inhibited by THC (and 

CBD and cannabinol, CBN).
• THC also activates CYP2C9* and induces CYP1A1**.
• Carboxylesterase 1 (CES1) is potentially inhibited by THC and CBD (another 

study by [150] concluded that there is potential for clinically significant inhibi-
tion of CES1 by both CBD and THC).

• UGT1A9 is inhibited by CBD and CBN, whereas UGT2B7 is inhibited by CBD 
but activated by CBN [149].

* Separate studies found that THC can induce or inhibit CYP2C9: one research 
group found that THC and its metabolites (11-hydroxy-THC and 11-nor-9-carboxy-
THC) induced CYP2C9 as demonstrated by increased phenytoin hydroxylation in 
human liver microsomes and recombinant enzyme systems [151], whilst another 
group found an inhibitory effect of THC (and CBD and CBN) on CYP substrates 
warfarin and diclofenac in human liver microsomes and recombinant enzyme sys-
tems [152]. A possible explanation for the opposite findings of these two groups, 
though not confirmed, is the different substrates and concentrations used between 
the studies, as well as the potential existence of an allosteric interaction between 
THC and CYP2C9 [149].

**For CYP1A1,  studies indicate that phytocannabinoids may inhibit or 
induce this enzyme: two studies [153, 154] found that THC inhibits CYP1A1 (refer-
ence [154] also found that CBD and CBN inhibit CYPA1A); however [153] also 
found that THC was able to induce CYP1A1 mRNA levels in a mouse hepatoma 
cell line after 24 hours of incubation with THC [149].

Genetic Variations in the P450 Enzymes in Individuals and THC Metabolism
Research suggests that where individuals have diminished CYP29C or 3A4 func-
tion, there is potential for clinically meaningful elevations in THC exposure, and for 
those who have decreased CYP3A4 function, there is potential for clinically rele-
vant elevations in CBD exposure [146].

CYP2C9 polymorphisms that affect up to 35% of Caucasians (but are not so 
prevalent in other racial groups) reduce the CYP2C9 metabolic activity and thus 
increase the bioavailability of THC, in some studies increasing the THC exposure 
two to three times [61, 155, 156].

 Effect of Co-administration of Drugs and Cannabinoids: Looking 
in Both Directions

When we look at the potential interactions between cannabinoids and pharmaceuti-
cals, we must consider it from both directions, that is, what the effect of one will be 
on the other and vice versa.

Brown and Winterstein [21] describe these effects in relation to CBD and pro-
vide advice on what clinical action should be taken below. The same logic can be 
applied to THC.
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• Effect on CBD of drugs that are P450 inhibitors: drugs that inhibit P450 enzymes 
involved in the CBD metabolism will potentially increase the CBD bioavailabil-
ity and possibly increase the risk of adverse events. Action: start with a low dose 
of CBD initially and titrate up slowly to therapeutic effect, monitoring for any 
adverse effects [21].

• Effect on CBD of drugs that are P450 inducers: drugs that induce various P450 
enzymes involved in the CBD metabolism will decrease the CBD bioavailability 
and therefore reduce its effectiveness. Action: higher doses of CBD may be 
needed when inducers are also being used [21].

• Drugs that are enzyme substrates (for CYP enzymes): The potential effect of 
concurrent use of CBD is the increase in the bioavailability of the substrate and 
thereby increase in the risk of adverse effects since CBD competes with the 
enzyme substrate (drug) for the metabolising enzyme. Action: avoid concurrent 
use, reduce substrate dose, and monitor for adverse effects/toxicity.

The same argument can be made for the impact of drugs that are CYP inducers 
or inhibitors on the THC bioavailability (for those P450 enzymes relevant to the 
THC metabolism, including CYP3A4 inducers or inhibitors or CYP2C9 inducers or 
inhibitors). Inducers can decrease the bioavailability and therefore effectiveness of 
THC, and inhibitors can increase the bioavailability of THC and therefore the 
potential for THC adverse events [61].

For example, a case study of an interaction between warfarin and CBD (Epidiolex®) 
found increased INR at 10 mg/kg/d and therefore risk of bleeding [157]. Warfarin is a 
CYP2C19 substrate. However, in most cases, warfarin doses can be adjusted and 
accommodated, as in this report, allowing for a plateau effect of INR with stable doses 
of warfarin despite increasing CBD doses up to 35 mg/kg [157].

 CBD Interactions with Liver UGT Enzymes in the Liver

UGT enzymes catalyse the glucuronidation of xenobiotics, a main pathway of 
phase II metabolism, creating a more readily excreted product. Inhibition of 
UGTs will therefore decrease excretion of the substrate. CBD has inhibitory 
effects on UGT1A9 and UGT2B7 enzymes [21]. Moreover, CBD is itself 
metabolised by UGT1A9 and UGT2B7 in the liver and UGT1A7 in the gastro-
intestinal tract [104].

Concurrent use of CBD with a range of pharmaceuticals that are UGT1A9 and 
UGT2B7 substrates can cause increased risk of side effects associated with the sub-
strate [21].

• UGT1A9 substrates: include regorafenib, acetaminophen, ibuprofen and others
• UGT2B7 substrates: include ibuprofen, naproxen, lovastatin, valproate and 

others [21]
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As you can see, some of these are very commonly used medications, such as 
acetaminophen, ibuprofen and naproxen. Brown and Winterstein [21] recommend 
CBD to be used with caution in patients who are newly prescribed these medicines 
or stabilised on them, since UGT inhibition will decrease their excretion and 
increase bioavailability. This is particularly important with drugs with narrow thera-
peutic windows and high potential toxicities.

 CBD and Other Enzymes: Breast Cancer Resistance Protein 
and Bile Salt Export Pump

The inactive hydroxylated metabolite of CBD, 7-COOH-CBD, is a substrate for 
P-glycoprotein and an inhibitor of the breast cancer resistance protein (BCRP) and 
bile salt export pump (BSEP). These are involved in the efflux of xenobiotics from 
tissues and transport into excretion pathways [21]. Here are some potential issues 
associated with concurrent use of CBD and BCRP and BSEP substrates:

• BCRP Substrates: Increased side effects of BCRP substrates with concurrent 
use of CBD are possible, with increased distribution into the tissues and decreased 
efflux into excretory organs. BCRP substrates include statins, prazosin, imatinib 
and others [21].

• BSEP Substrates: Increased side effects associated with BSEP substrates can 
occur with concurrent use of CBD. BESP substrates include paclitaxel, digoxin, 
statins, celecoxib and others [21].

Brown and Winterstein [21] recommend to avoid co-administration, monitor for 
adverse events and reduce substrate dosage when possible.

 Pharmacodynamic Interactions: Use of Sedating 
Medications and Antidepressants

THC alters cognitive functioning and could cause excessive sedation as well as 
impair motor skills. Thus, concurrent use with medications such as opioids and 
benzodiazepines, which have similar effects, could exacerbate such symptoms  []
[61]. As mentioned previously, Brown states that THC has been known to exacer-
bate depression, schizophrenia and anxiety and the combination of THC and other 
drugs which are known to increase the risk of such conditions should be avoided 
[61]. As previously earlier, there may be the potential for THC to adversely reduce 
blood pressure in older people, in particular in those taking antihypertensives or 
other drugs that cause hypotension or syncope (e.g. medications with anticholiner-
gic effects), that could potentially lead to falls [61]. 
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 Safety of Terpenes

Generally, terpenes have low toxicity and high bioavailability and readily cross the 
skin and blood-brain barrier. Terpenes show very low acute toxicity; terpenes such 
as β-caryophyllene, myrcene, limonene, pinenes (α, β) and others have oral LD50 
values of around 5000 mg/kg or higher [158]. Terpenes have been found to be toxic 
to particular cancer cell lines, but not to normal cells and tissue. In fact, they have 
been found to be nephron-, neuro- and hepato-protective [158].

 Conclusion

The four main routes of administration of medicinal cannabis, inhalation, oral route, 
topical/external application and other routes (suppositories, intranasal delivery) all 
have their place in healthcare practice. Much more is known about the pharmacoki-
netics of inhaled and oral routes of administration, in particular, in relation to THC, 
compared with the other routes of delivery. Having different routes of delivery 
allows tailoring of medicinal cannabis products to the patient’s condition.

Safety of any kind of medicine is an important consideration, and there are pos-
sible drug-cannabis/THC/CBD interactions that may occur, though how prevalent 
any adverse interactions are in clinical practice is not definitively known. It is known 
that, in particular, high doses of CBD can interact with some anti-epileptic medica-
tions. Australia legalised the prescribing of medicinal cannabis in 2016, and at the 
time of writing, there were no reports of adverse events in relation to CBD recorded 
by the government, which suggests that either reporting rates are sub-optimal or 
these are not common. It is Dr. Blair’s experience that with whole-spectrum high 
CBD-low THC medicinal cannabis, significant adverse side effects or interactions 
with pharmaceuticals are very uncommon at low-moderate doses (<200 mg/day for 
CBD products). What will be needed in the future is better capture and publishing 
of data in relation to safety in clinical practice, to reassure doctors and patients that 
medicinal cannabis prescribed properly is relatively safe.
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Conclusion

In writing this book, we sought to demonstrate that there is already much known 
about the endocannabinoid system (ECS), its homeostatic role within the body and 
how it may be involved in regulation of stress and emotions as well as in patho-
physiology of various mental health conditions. There is also much that is unknown. 
We also sought to demonstrate how the plant Cannabis sativa and its key active 
constituents, in particular cannabidiol (CBD), may be able to assist in the treatment 
of many conditions associated with mental health. It seems evident that there is 
much research into mechanisms of action and efficacy of CBD and THC in animals, 
and there is a growing evidence-base also in relation to efficacy of medicinal can-
nabis in humans also. Western science and biomedicine, in particular, take a reduc-
tionistic approach to understanding how the human body works and what happens 
in disease, seeking to examine specific biological or neurological pathways and 
disruptions therein within specific diseases. The pharmaceutical model seeks to find 
an active constituent that can be isolated, copied, manipulated in some way and then 
patented and sold. It is very difficult to patent plant medicines. The reductionist 
approach to understanding the functioning of the human body, therefore, marries up 
with the pharmaceutical approach quite well.

However, our ranges of experiences as clinicians, educators and researchers 
(Kylie) and a deep quest to understand the nature of health and illness have shaped 
a somewhat different understanding of what might be important in helping people 
achieve wellness.

 Philosophical Thoughts

In examining how the ECS might be involved in various mental health conditions 
(and in this book, we also included insomnia given its comorbidity with many men-
tal health illnesses and indeed other diseases), it is apparent that within many parts 
of the brain and body, the ECS is operational. It is a homeostatic regulatory system 
that seeks to bring the body back into balance. Many researchers strive to find those 
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parts of the brain, in which the ECS is involved in specific mental illnesses, and 
understand what is happening with the individual components of the endocannabi-
noidome (i.e. endocannabinoids, receptors, enzymes and transporters). One can see 
how pharmaceutical companies might be interested in all endocannabinoid mecha-
nisms, including, for example, those enzymes involved in the degradation of the 
endocannabinoids such as fatty acid amide hydrolase (FAAH). Synthetic FAAH 
inhibitors have been developed as patented new drugs. But there is a risk. In 2016 
the FAAH inhibitor BIA 10–2474 was undergoing Phase I clinical trials in France 
when serious adverse effects occurred. BIA 10–2474 was developed ‘for the treat-
ment of medical conditions in which there is advantage in enhance the levels of 
endogenous AEA and tonically increase the drive of the endocannabinoid system’ 
[1]. The unfortunate result was that volunteers on the test drug were adversely 
affected, with one declared brain-dead and four others reported to have irreversible 
brain damage [1].

Prior to this tragic episode, rimonabant, an antagonist and inverse agonist for the 
cannabinoid receptor CB1, was approved by the European Union in 2006 as an 
anorectic anti- obesity drug. Post-marketing surveillance data revealed that the risk 
of psychiatric disorders in people taking rimonabant was double that observed in 
clinical trials. In addition, other side effects were reported, including gastroenteritis, 
anxiety, irritability, insomnia and other sleep disorders, hot flushes, diarrhoea, dry 
or itchy skin, tendonitis, muscle cramps and spasms, fatigue, increased risk of fall-
ing and flu-like symptoms, by up to 10% of users, whilst nausea and upper respira-
tory tract infections were reported by more than 10% of users [2]. Rimonabant was 
subsequently removed from the market due to the very serious mental health side 
effects and harm caused. Our sense is, if you start to manipulate any unique compo-
nent of a biological pathway, in this case the CB1 receptors, given the widespread 
crucial regulatory nature of the ECS, you are going to impact many systems, not just 
one part of the brain. It is the totality of the human being, the overall state of the 
ECS, that is going to be important. That brings us to another point.

The potential problems associated with drugs that target specific biological path-
ways or receptors are in considerable contrast to natural phytocannabinoids that 
show considerable contextual modulation of neuroendocrine and metabolic physi-
ological effects on different cell types even within the same organ.

At many points in the preceding chapters, we have eluded to a ‘dysfunctional’ 
ECS that may not be justified. Most of the ‘dysfunction’ relates to environmental, 
behavioural or genetic stresses causing imbalances in our ECS ‘chemical-software’ 
for signalling. No doubt there are significant genetic shifts and even defects in our 
individual endocannabinoidome genes that impact our health and how we individu-
ally respond to endocannabinoid-modulating herbs and drugs. There are already 
several companies attempting to correlate ECS genes with health conditions and 
ideal cultivar selections for treatment. Confirming evidence in this area may lead us 
to more personalised cannabinoid treatments in the future.

More importantly, the dysregulated ECS is a key pathomechanism of clinical 
disease induced by a root cause that comes from a wide range of possible adverse 
aetiologies. These include toxins from drugs, chemicals or nature as well as 
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infectious sources. Nutritional patterns and deficiencies may be implicated. 
Dysfunctional behaviours may also play a role as we have seen with chronically 
stressed animals, sleep deprivation, unnatural light and vibration exposures. And, 
we cannot leave out trauma or cancer as root causes of ECS imbalances.

Assuming this is the case, a medicinal cannabis consultation can and should be 
the start of the journey to identify and address the root cause(s) of many of the syn-
dromes our modern society faces. Integrative mental health providers are already 
doing this through the field of functional medicine [3]. These health professionals 
routinely perform root-cause investigations using cost-effective investigations into 
patterns of organic acids in the urine that can indicate deviations in, for example, the 
Krebs cycle or neurotransmitter metabolites [4]. Test abnormalities can suggest tox-
ins, infections, nutritional deficiencies and genetic metabolic defects and suggest 
possible holistic therapeutic approaches. These include conventional drugs along 
with lifestyle modifications, herbs, supplements and biomodulation through, for 
example, acupuncture, massage or sauna. Unfortunately, no ECS parameters are 
available at the current time, but future research may reveal specific patterns corre-
lating with mental health disorders providing clinical clues to the use of ECS 
modulation.

 Mind and Body Are Not Really So Separate

We still have a sense of Cartesian duality permeating our understanding of mental 
health. We split the mind and the body and treat them as separate. We delve into 
parts of the brain to understand what is going wrong in various mental health condi-
tions, and indeed we have reported such research findings in this book. Yet we do 
not really understand what the ‘mind’ is. Ancient medical systems such as Chinese 
medicine and ayurvedic medicine see mind and body as a continuum. In Chinese 
medicine, the heart is seen as the ‘seat of consciousness’, not the brain, and the emo-
tions are not ascribed to the brain. Instead, each organ system (and the concept of 
‘organ’ in Chinese medicine is quite different from the biomedical one, though it 
includes this) has a related emotion, and the organ systems are inter-related [5]. 
Emotions are understood to be potential aetiological factors in illness [5]. These 
notions would once have seemed somewhat ridiculous to a western mind. However, 
we now know that there is a neurochemical basis for the impact of emotions on our 
functioning, and the fields of psychoneuroimmunology, psychoneuroendocrinology 
and neurocardiology are well established.

Research has also demonstrated that clusters of autonomic nervous system neu-
rons that regulate organs such as the heart, lung, gastrointestinal tract, kidney and 
bladder lie near the organs and communicate with each other, forming networks that 
facilitate information exchange [6]. Not only does the heart receive signals from the 
central nervous system (CNS) neurons, but afferent signals arising from the heart 
are known to affect neurons in the CNS (as well as ganglia in the thorax and the 
heart itself) [6]. The heart is understood to have its own ‘little brain’, and there is a 
sophisticated two-way communication between the two, with each influencing each 
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other’s function [6]. We also now understand much about the gut microbiome and 
its integral role in our health and in illness. The ‘gut-brain axis’ is now an estab-
lished entity, and much is understood about how the gut and brain interact. Perhaps 
the notion of the organ systems being associated with particular emotional states, as 
in Chinese medicine, is not such a stretch of the imagination.

 The Notion of Balance

What also underpins traditional medical systems like Chinese medicine is the con-
cept of balance. In Chinese medicine, this was captured in the Theory of Yin and 
Yang, which describes two complementary but opposite, interdependent forces. In 
health, yin and yang are in balance, whereas in illness, they are out of balance [5]. 
This is not so foreign to western medicine, as here we also have a similar concept, 
called homeostasis. Indeed, the ECS is an important regulator, perhaps the most 
important regulator, of homeostatic balance.

In Chinese medicine, however, the concept of balance is not only related to the 
internal workings of the body but also includes how the human interacts with her/
his environment. This concept even extends to how the organ systems inter-relate 
internally. We can therefore see that an individual’s environment can play an impor-
tant role in health. The ‘environment’ can include levels of stress in the individual’s 
life, her/his home surroundings and work environment and the greater environment, 
e.g. town, city and country where the person lives. Here again, the ECS may be an 
impartial and central mediator of these negative signals of stress. If a person is liv-
ing with a great amount of personal stress, it will not be surprising to find that her/
his health is not optimal. A person’s personal home environment can detrimentally 
affect her/his health – toxic personal products used on the body daily, off-gassing of 
toxic components of paint and contact with toxic cleaning products are only a few 
ways that we expose ourselves to everyday toxins that can accumulate in the body 
and eventually cause us harm.

Another important principle that Chinese medicine teaches us is to find and treat 
the root cause of illness, termed ‘ben’, and not only treat the signs and symptoms of 
the illness (the ‘biao’ or branches) [5].

From traditional medicine systems, then, we learn something important. We do 
not exist in a vacuum. Rather we are inter-dependent with our environment, and that 
concept of environment extends from the inside (our inner milieu) to outside: our 
personal environment, work environment, societal environment and planetary envi-
ronment. Branches of medicine such as ‘environmental medicine’ understand the 
impact of environmental toxins and pathogens on health. Thus, when a person 
comes into our practice with a health problem, we are going to need to look much 
more broadly than many practitioners are perhaps used to doing. We need to look at 
the person in front of us in their totality and try to understand all the potential factors 
that have brought this person out of balance, because fundamentally, disease is a 
reflection of a loss of balance.
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 The Many Factors that Keep Us Healthy

Medicinal cannabis is not a magic panacea for every condition. It can be very help-
ful in many conditions; however if we are to help people truly heal, we must look at 
the many factors that can adversely as well as positively impact health.

Lifestyle factors are increasingly recognised as critical in achieving and main-
taining well-being as well as contributors to illness. Lifestyle factors include physi-
cal activity, sleep, nutrition and diet, stress levels and environment. These are 
important pillars of health and can all contribute to poor health, including poor 
mental health. For example, research clearly shows us that a sedentary lifestyle can 
take years off our life and contribute to many diseases and disease risk factors, 
including obesity, diabetes, cardiovascular disease and cancer [7, 8].

 Physical Activity

Physical activity is critical to our well-being and our mental health. For example, tai 
chi (a form of Chinese exercise therapy) has been shown to cause changes in the 
Th1 and Th2 immune responses associated with immune modulation of natural 
killer cells and dendritic cells [9] as well as improve sleep, reduce anxiety and 
depression, improve stress management, reduce pain, increase strength and flexibil-
ity and increase cardiopulmonary function [10, 11]. A meta-analysis demonstrated 
a significant effect of tai chi on reducing depression [11]. That is only one form of 
exercise!

Active lifestyles and aerobic exercise have been found to help protect against 
age-related cognitive declines and have a positive impact on brain structure and 
function, in particular executive brain functioning [12]. Animal research shows that 
physical exercise can induce hippocampal neurogenesis, cell proliferation and den-
dritic branching and increase gene expression of brain-derived neurotrophic factor 
(BDNF) in the hippocampus [12]. For an in-depth exploration of the benefits of 
physical exercise on brain health and functioning, see Watson [13].

 Nutrition

The importance of nutrition for health, in general, and mental health, specifically, 
cannot be understated. There is now so much scientific evidence on the impact of 
poor and good nutrition on health that it is not debatable – good nutrition underpins 
health, and this includes mental health. There is much in the literature that links 
poor nutrition and nutritional factors to depression [14], for example, and indeed to 
many other diseases, including cancer, cardiovascular disease, diabetes and obesity 
[7]. As we have stressed in an earlier chapter, the western diet is characterised by a 
high omega 6/omega 3 ratio, which is essentially pro- inflammatory. We have an 
epidemic of diseases underpinned by inflammation, and you will note that in our 
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discussions of many of the mental health conditions in this book, there is evidence 
that inflammation is part of the pathomechanism.

Therefore, it is very important in a holistic approach to helping people regain 
and/or maintain health, including mental health, that dietary factors are examined. 
There are many good books that can provide information on the role of nutrition in 
various mental health conditions, including those conditions in this book.

What is an unfortunate fact is that there is still a paucity of nutritional medicine 
education in orthodox medical degree training. If you are not trained in nutritional 
medicine, we suggest that you expand your network and include other healthcare 
practitioners who are knowledgeable in this area (naturopaths, nutritional medicine 
practitioners and dieticians) and refer your patients to see them for advice on nutri-
tion. You can also learn more about nutritional and environmental medicine via 
online courses, such as those provided by the Australasian College of Nutritional 
and Environmental Medicine (www.acnem.org) – this was set up nearly 40 years 
ago to provide postgraduate training to medical and allied healthcare practitioners 
in these important areas.

 Other Factors

A person’s environment can play a key role in illness, including mental health. In 
using the word ‘environment’, we are taking a broad definition – it includes not only 
the inner milieu (inner environment, including our gut microbiota and state of our 
immune system) but also our personal environment, home and office environment 
and planetary environment. If we are ingesting toxins or are exposed in other ways 
to environmental toxins (e.g. exposure to electromagnetic frequencies from cell 
phones and telecommunication towers), damage can be cumulative, and it can cause 
neurological damage to our brains. We must consider the environment in which the 
patient is living and existing. Again, if you do not know much about environmental 
medicine, you can learn through colleges, such as the ACNEM mentioned earlier, or 
refer to colleagues who are experienced in this field, including building biologists 
who can inspect homes, offices and other spaces and help identify environmental 
toxins and solutions.

Stress can be an aetiological factor in many illnesses. If a patient is under per-
sonal stress, you might refer them also to see a counsellor or psychologist. If they 
are stressed because they have lost their home after divorce and are living in their 
car, medicinal cannabis or any other form of medicine is not likely to suddenly alle-
viate their extreme stress, anxiety or depression, but referring them to social ser-
vices where they might obtain some practical help possibly will (in Chinese 
medicine, this is the ‘root cause’ of the illness). We need to pull back sometimes and 
listen to the patient in front of us. If we listen well, they will lead us to what is at the 
bottom of their health problems.
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 Medicinal Cannabis

This brings us back to medicinal cannabis. By understanding the pathomechanisms 
of various illnesses, including mental health illnesses, and by understanding the 
various mechanisms of action of cannabis, including its key phytocannabinoids and 
terpenes, we can start to understand the reasons why cannabis may help alleviate 
such conditions as well as the signs and symptoms. Whilst we recognise that this is 
taking a mechanistic approach to the study of the mind-body and cannabis, it is still 
very useful. Evidence of how medicinal cannabis may work in relation to the under-
lying pathogenesis of a condition, coupled with evidence of efficacy in animal and 
human studies, provides a rationale for healthcare practitioners to consider the 
option of prescribing medicinal cannabis for a particular condition.

When we look at results of human studies including epidemiological and clinical 
research, we are stepping back from the world of biological and biochemical path-
ways to see if and how medicinal cannabis impacts humans. You can see from the 
research described in this book that there is a varying degree of human research 
investigating the efficacy of medicinal cannabis for various mental health condi-
tions. The same applies more generally to the state of research into medicinal can-
nabis across the board. Some conditions have a greater bank of evidence than others. 
This will change in time with the opening up of the world to the potential therapeu-
tic benefits of medicinal cannabis.

If you understand research methodology, you will also understand that ran-
domised controlled trials (RCTs) and meta-analyses are inherently flawed as 
research approaches, despite being top of the hierarchy of evidence in medicine. 
RCTs typically have a narrow set of inclusion and exclusion criteria, which is 
applied to recruit participants to studies. Thus, the study population is relatively 
homogeneous. This does not reflect the real population. Therefore, it is wise to take 
all kinds of research into consideration when trying to reach a conclusion of whether 
medicinal cannabis might be efficacious in particular conditions or not. This 
includes research such as epidemiological studies, cohort studies and case reports, 
as well as the clinical experiences of the many healthcare practitioners prescribing 
it and the many experiences of the patients who are taking it.

 An Herbal Medicine Rediscovered

This is one of the most fascinating herbal medicines on the earth, and it has been 
rediscovered at a time when it is increasingly needed. We are seeing a resurgence of 
its use within many countries after decades of being wrongfully outlawed. What 
will be very important is that access to this plant medicine is not denied or made 
difficult for those who wish to use it and that the forces that seek to suppress it 
because of its medicinal value are not allowed to do so. Healthcare practitioners can 
be an important part of increasing access, but they can also be party to restricting 
access. Our thoughts are that it is the patient’s right to access a medicinal plant that 
grows on this earth. Healthcare practitioners trained in medicinal cannabis are 

An Herbal Medicine Rediscovered



566

simply there to provide guidance to patients who wish to seek their advice on how 
to use it and certainly not to carry out a ‘medical takeover’ of this herb. People have 
the right to access this herb for their own self-care too.

We believe that medicinal cannabis has a place in healthcare broadly, including 
mental healthcare, and hope that reading this book has opened your eyes to the 
growing scientific evidence that exists. Our heroes are the researchers who have 
dedicated their efforts to understand this remarkable plant medicine and our endo-
cannabinoid system, the work of many of whom we have captured in these pages, 
as well as those healthcare practitioners who are guiding patients in its use. We wish 
you well on your journey of discovery about medicinal cannabis, contextualised as 
part of a holistic treatment strategy that addresses the varied fundamental factors 
that have led to imbalance in each of your patients.
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