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The Biochemical System Controlling the Effects of 
Cannabis: An Introduction
Jahan Marcu, PhD, presents his 2015 article on 
the endocannabinoid system as it appeared in 
HerbalEGram. 2015;12(6).

In every human there are complex biological systems work-
ing to keep physiological functions in order. When these 

biochemical systems are functioning optimally, they maintain 
optimal mood and help maintain appropriate levels of immu-
nity, proper digestion, regular sleep, and brain function. The 
housekeeping properties of these systems have an important 
role in modulating health and disease. One of these systems 
is the endocannabinoid system (ECS). The system is built out 
of G protein-coupled receptors called (CB1 and CB2 recep-
tors) and the endocannabinoids that bind to them. The ECS 
maintains normal cerebral and physiologic function.1

Human clinical trials and animal studies show that stim-
ulating this biochemical system can have both highly ben-
eficial health effects and few negative side effects.2,3 Basic 
research experiments with genetically modified mice, which 
are created without CB1 or CB2 receptors, have shown that 
without this biochemical system, the animals (and presum-
ably, humans) would probably die at birth.4-7 Studies in both 
humans and animals demonstrate that blocking this bio-
chemical system can result in dreadful consequences, includ-
ing, but not limited to, depression, stress, nausea, vomiting, 
diarrhea, anxiety, and even increased tendency for sui-
cide.8-11 The only antagonist drug ever to be marketed to 
humans that blocked the cannabinoid receptors—Acom-
plia®  (rimonabant; Sanofi-Aventis; Paris, France)—was 
quickly withdrawn from the market due to its negative 
health consequences.12

How Medical Cannabis Works
Cannabis (Cannabis sativa, Cannabaceae; common name 
marijuana, among others) has been used for centuries to treat 
neurologic and neurodegenerative disorders such as epilepsy 
or spastic disorders. The medieval Arab writer Ibn al-Badri 
documented the use of hashish or a cannabis concentrate to 
cure a neurodegenerative disorder (probably epilepsy) afflict-
ing the son of the chamberlain of the Caliphate Council 
in Baghdad.2 Centuries later, Western physicians, including 

W.B. O’Shaughnessy and other British neurologists of the 
19th century, confirmed the benefits of cannabis concen-
trates (hashish, hash oil, and tinctures) in the treatment of 
spasticity, convulsions, and related neurodegenerative disor-
ders.13,14 However, it was not until the discovery of the ECS 
in 1994 that scientists could explain these observations.

The progression of diseases such as multiple sclerosis, Par-
kinson’s disease, amyotrophic lateral sclerosis (Lou Gehrig’s 
disease), and other neurodegenerative diseases is affected 
by neuroinflammation and neurodegeneration (brain cell 
death).15 Cannabis can have a positive effect on these and 
related disorders in a number of ways. Delta-9-tetrahy-
drocannabinol (THC) from the cannabis plant stimulates 
CB2 receptors, which decreases neuroinflammation by inhib-
iting the movement, growth, and activity of immune cells. 
Basically, the stimulation of the ECS by constituents from 
the cannabis plant results in decreasing the migration and 
activation of the immune cells that maintain the environ-
ment of neurodegenerative disorders, thereby disrupting the 
signals that sustain inflammation and cell death.16

Another important aspect of neurodegenerative disorders 
is the irreversible death of neurons leading to progressive 
dysfunction. Excessive glutamate receptor activity is known 
to cause neuronal cell death by damaging cells and creat-
ing reactive oxygen species. The CB1 receptors found in the 
brain have a direct effect on neurons by limiting glutamate 
release when stimulated at the presynaptic nerve terminals. 
(Glutamate is a key neurotransmitter, derived from glutamic 
acid, an amino acid.) Cannabis compounds are also potent 
antioxidants, reducing oxidative damage and blocking the 
activities of inflammatory signaling molecules like tumor 
necrosis factor-α. Stimulation of the ECS also has pro-sur-
vival effects on brain cells.17,18

At the present time, the evidence of the ECS as an appro-
priate target to treat neurodegenerative and other diseases 
does not come solely from the limited approved studies on 
marijuana from the US National Institute on Drug Abuse. 
The information comes from a wealth of new information 
about stimulating this biological system and the mecha-
nisms explaining the central role of this system in health. 
The ECS is inherent to proper human functioning; in fact, 

every physiologic system that has ever been studied is pos-
itively modulated by it.19 Recent reports suggest that can-
nabis, cannabis extracts, and mixtures of the plant’s active 
ingredients are useful for treating epilepsy (ie, Dravet syn-
drome), traumatic brain injury, cancers, post-traumatic stress 
disorder, HIV, wasting, glaucoma, Crohn’s disease, multiple 
sclerosis, autism, and other diseases and symptoms.20

Since the isolation and structure elucidation of the main 
ingredient found in cannabis (THC) in the 1960s, several 
research groups have explored THC and other cannabi-
noids for therapeutic effects (anti-epileptic effects, palliative 
care) in adults and children.21-23 Also, since the elucidation 
of THC’s structure, more than 100 other plant cannabi-
noids have been documented.24-29 The efficacy of THC can 
be increased with other phytocannabinoids and plant com-
pounds such as cannabidiol (CBD) and various terpenes, 
respectively.30-34 THC and CBD are both psychoactive but 
have very different therapeutic mechanisms of action; THC 
directly stimulates CB1 and CB2 receptors, whereas CBD 
appears to interact with receptors of other important neu-
rotransmitters, serotonin and adenosine.33,35 When the dis-
tinct mechanisms of THC and CBD are combined, they 
can trigger an enhancement of activity. For example, experi-
mentally derived combinations of THC and CBD have been 
documented to synergistically inhibit cancer cell growth in 
Petri dish experiments on human grade IV glioma cells by 
increasing activity in a specific molecular pathway when 
co-applied.34 When a 1:1 combination is used clinically, it 
proves effective at treating multiple sclerosis without caus-
ing intoxication.36-38

In mammals, the ECS is modulated during disease or 
injury; for example, CB2 receptor density is increased during 
inflammation or bone injury.39-42 This upregulation or mod-
ulation during disease or injury is associated with increases 
in both levels of endocannabinoids and the expression of the 
cannabinoid receptors on the cell membrane.1,43,44 Modula-
tion of the ECS may be an attempt by the body to reduce or 
abolish unwanted effects or to slow the progression of various 
disorders. There is evidence supporting a modulation of this 
biochemical system in a number of disease models.2 Addi-
tionally, a number of genetic mutations and polymorphisms 
of the ECS (eg, CB1 and/or CB2 receptor mutations) in the 
human genome are associated with diseases in human pop-
ulations, such as anorexia, bulimia, migraines, chronic pain, 
gastrointestinal disorders, mental disorders, alcoholism, and 
other treatment-resistant conditions.45-50 A mutation or fault 

in the ECS that may underlie a disease or condition has been 
termed the clinical endocannabinoid deficiency syndrome.47

Conclusion
In addition to anecdotal reports and more than 30,000 basic 
scientific studies with cannabinoids, there are also more than 
100 published clinical studies that have looked at the effect 
of a variety of cannabis-based medicines (including inhaled 
whole-plant material, oral THC capsules, and cannabis 
extracts) on the treatment of a wide range of disorders.3,36,51

The data generated from these clinical trials suggest that 
cannabis and its various preparations interact with the ECS 
to result in improvements in spasticity, muscle spasms, pain, 
sleep quality, tremors, appetite, and the patient’s general con-
dition.3,51 Most of these clinical trials have focused on either 
THC as the primary therapeutic ingredient or a 1:1 ratio of 
THC to CBD, but there is a paucity of clinical studies exam-
ining pure CBD for a therapeutic outcome.

Animal and human research also demonstrates a potential 
for synergizing or enhancing certain therapeutic effects when 
cannabinoids and/or terpenes are applied in an appropriate 

Retrograde signal in endocannabinoid.
Photo credit: Kenneth Han.
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combination. The therapeutic rationale for combining THC 
and CBD, and other cannabis plant components in fixed 
ratios, can result in a decrease in unwanted side effects and 
an enhancement of therapeutic benefits.33,37
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continued from page 43 Book Review:  

Cannabis sativa L.: Botany and Biotechnology 
Jahan Marcu, PhD, reviews Cannabis sativa L.: Botany and Biotechnology, edited by Suman  
Chandra, Hemant Lata, and Mahmoud A. ElSohly.  Springer. http://doi.org/10.1007/978-3-319-
54564-6_3. Hardcover 479 pages ISBN 978-3-319-54563-9. for HerbalEGram.

What does it take to make a difference in the canna-
bis research field or in its industry? Given the state 

of things the question can be too paralyzing to ask. With 
research roadblocks that take years to navigate, the only pro-
tection for the industry from the Drug Enforcement Agency 
is an annually reviewed CJS amendment,1 a lack of consis-
tent regulations, and a ton of myth-information about prod-
ucts and their consistency, efficacy and legality. The state of 
things is a very clear grey area for hemp and cannabis-based 
medicines. The cloudiness of the lens and resources to accel-
erate solutions is an essential part of what the authors have 
to show. 

Over the last 15 years, growing cannabis (aka hemp, mar-
ijuana) has become a major agricultural industry in many 
countries. Unfortunately, detailed knowledge of the various 
aspects of cannabis botany and biotechnology seems to be 
beyond the field experience of many growers and we con-
tinue to see medical cannabis sold without details as regards 
to contents or even different varieties, extracts and mixtures 
sold under the same commercial name. “It is unbelievable 
that neither government agencies nor private foundations 
have gone ahead or encouraged clinical trials—but this is a 
fact!,” pointed out Raphael Mechoulam in his section.

The book attracts quite the cast of characters, authors that 
seem to have been around as long as the plant itself, as well as 
innovative-rising stars from the industry and academia. No 
other cannabis science book can boast such as broad range 
of disciplines under one binding. For example, the book is 
edited and co-authored by one of the most published nat-
ural products researchers in history, and another author is 
the director of a lab that specializes in genetic testing for 
the cannabis industry. This blend of curiosity and outcome 
driven experts is a potent tonic, made with data that is diffi-
cult to summarize due to the widely dispersed nature of lit-
erature on the topics presented. 

At the beginning, it seems like any other carefree aca-
demic book. But the innovative interests of the authors 

become clearer as the reader proceeds through the sec-
tions on ancient history to state-of-the-art research appli-
cations. I immediately began implementing it as a source in 
my own research proposals and businesses strategies. Bio-
technology plays an important role in propagation, conser-
vation of varieties, and improvement in medicinal plants. 
Chapters 13-21 focus on this role, and an entire chapter is 
devoted to comparing state-of-the-art methods for canna-
bis micropropagation. 

The book covers existing knowledge and identifies areas 
for further research in botany and horticulture, pharmacol-
ogy and methods of analysis, chemical and morphological 
phenotypes in breeding, morpho-anatomy of marijuana, 
 continued on page 46
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Kim began taking both formulations and reported that 
she was immediately sleeping better and felt less agi-
tated. She noticed that she felt “less angry around others”
and was able to return to playing golf—one of her favor-
ite pastimes—with her friends. Over time, Kim’s qual-
ity of life began to improve with the medicinal use of
cannabinoids. Her feelings of hypervigilance eased, she
started feeling motivated to spend more time with her
friends, and her mood significantly improved. Kim also
reported that she was experiencing fewer nightmares, 
and flashbacks of the event were reduced considerably. 
Kim was stable and, eventually, became motivated enough 
for us to begin working on her traumatic experience. We
were able to look at both her cognition and behaviors, to
reframe and rework her thoughts concerning the event,
and remodel her behaviors in the absence of prior anxiety. 

Effects of Cannabis Cessation
Kim made significant progress until issues arose with
supply at the providing dispensary. The primary dispen-
sary suffered shortfalls in production, negatively affect-
ing their ability to meet patient demands. The particular 

variety of cannabis flower (and extracted oil) that Kim
had used was no longer available, and other similar vari-
eties also were unavailable. As a result, Kim was no lon-
ger able to procure the cannabis that had successfully and 
significantly reduced her symptoms of PTSD. Slowly, the 
same difficulties with sleeping and arousal states eventu-
ally returned at the same level of severity, increasing the
frequency of flashbacks of the event, and finally resulting
in a pronounced dysthymia. There was an apparent corre-
lation between the reduction of Kim’s cannabis use (due 
to the unavailability of a specific variety) and the increase
in her PTSD-derived symptoms.

At this point, Kim’s primary care physician prescribed 
zolpidem, which she eventually stopped taking because 
of significant side effects. Psychotherapy had to revert to 
more basic therapeutic work centered around ensuring 
safety and support. 

Resumption of Cannabis Use and Follow-Up
After a few months, the dispensary began stocking the 
same variety of cannabis that Kim had previously used.
She began to use cannabis daily in low dosages with sim-
ilar improvement in symptoms.

Kim reported that cannabis administration assisted in
improving the quality of her sleep, reduced the severity 
and frequency of her flashbacks, improved her motiva-
tion, and elevated her mood. She began “re-engaging
in the world” and working on her cognitive under-
standing of the traumatic event that brought her to 
therapy originally. It has been 3 years now since her 
husband’s death, and Kim is finally starting to feel like 
herself again. Her quality of life has returned.

Commentary
As a clinician, it is my job to advocate for my clients. 
Kim is a typical example of one of the fastest grow-
ing patient demographics in the United States (ie, the 
older population). Kim’s lack of understanding about 
the differences between the illicit “marijuana” market
and the legal and regulated cannabis market led her to
make inadvertently risky decisions concerning her own
medication. Additionally, issues regarding insufficient
state supplies of safe and standardized cannabis are of
vital concern to anyone using cannabis medicinally.5,6

Notably, I had called a local dispensary asking for 
a detailed account of what products were in stock. 
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Brain structures involved in dealing with fear and stress. 
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