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Overview
• Cannabinoid receptors
• Endogenous cannabinoids
• A tour of ECS activity

– Nervous system
– Pain signaling
– Immune system
– Gastrointestinal system and metabolism

• ECS dysfunction
• Pharmacology of THC, CBD, THCA, CBDA, CBG, THCV



Health Conditions Influenced By Cannabinoids
ADD/ADHD
ALS
Alzheimer’s
Anorexia
Anxiety
Asthma
Ataxia
Bipolar
Cachexia
Cancer
Chronic fatigue
Chronic pain
Cramps
Crohn’s

Diabetes
Depression
Epilepsy
Fever
Fibromyalgia
Glaucoma
Hepatitis
HIV/AIDS
Incontinence
Insomnia
Migraine
MRSA
Multiple Sclerosis
Nausea

Neuralgia
Neuropathy
Parkinson's
PMS
PTSD
Rheumatoid Arthritis
Seizure disorders
Sickle cell anemia
Spasms
Spinal injury
Stroke
Tourette’s
Vomiting

Pacher & Kunos, 2013



Why does one herb help so 
many different conditions?

The Endocannabinoid System



The Endocannabinoid System (ECS)
• The ECS is a homeostatic regulatory system active 

throughout the body.
• Endocannabinoid synthesis is an adaptive response to 

cellular stress, aimed at re-establishing cellular 
homeostasis.

• Pubmed search results for “endocannabinoid”
– 1993: 10 citations
– 2022: 11,800+ citations



Cannabinoid Receptors



secondary structure tertiary structure

The Cannabinoid Receptors: CB1 and CB2 



CB1 located in:
• Central and peripheral 

nervous systems
• Fascia
• Adipose tissue
• Skeletal muscle
• Smooth muscle
• Liver
• Lungs
• Pancreas
• Kidneys
• Adrenal glands
• Heart
• Thymus
• Tonsils

CB2 located in:
• Monocytes
• Macrophages
• B-cells
• T-cells
• Liver
• Spleen
• Tonsils
• Osteoblasts
• Osteoclasts
• CNS
• Enteric nervous system

Cannabinoid Receptors



Cannabinoid Receptors
• In addition to the outer cellular membranes, 

cannabinoid receptors have been found in 
intracellular compartments
– Mitochondria (regulate ATP production and 

cellular respiration) 
– Endoplasmic reticulum, endosomes, lysosomes, 

cell nuclei
Hebert-Chatelain et al., 2017



CB1 Receptor Distribution in Human Brain

with the distribution of CB1 receptors (17), which de-
creased slowly over time. Radioactivity in the brain peaked
by approximately 30 min and was approximately 3.2 SUV
for all areas of the neocortex (Figs. 2 and 3A). Areas with
high CB1 receptor density (e.g., putamen) had an even
greater concentration of radioactivity, peaking over 4.0
SUV in most subjects. Radioactivity in the brain decreased
slowly, remaining within approximately 85% of the peak by
2 h and within approximately 60% of the peak by 5 h. We
averaged radioactivity concentration from 20 to 60 min
after injection to represent brain uptake (brain uptake20–60;
Supplemental Table 3).

Two regions of the brain consistently demonstrated less
uptake of radioactivity than other regions. The first region,
pons, had a peak SUV of approximately 2.4 within 8 min.
After the peak, washout of radioactivity from the pons was
1.5–2 times faster than from other regions at 60–120 min
after injection. The second region, white matter, typically
peaked at an SUV of approximately 1.2 about 15 min after
injection and remained nearly constant until the end of the
scan, with minimal washout of radioactivity.

The skull had a significant uptake of radioactivity, which
could reflect bone or marrow (Fig. 3B). Among regions of
the skull, the clivus, which contains significant amounts of
marrow, had the greatest uptake of radioactivity, suggesting
that marrow more avidly takes up 18F-FMPEP-d2 or its
radiometabolites.

Plasma Analysis
The concentration of 18F-FMPEP-d2 in arterial plasma

peaked at 1–2 min and then rapidly declined because of

distribution in the body, followed by a slow terminal phase
of elimination. To quantify the exposure of the brain to 18F-
FMPEP-d2, we fitted the concentration of 18F-FMPEP-d2

after its peak to a triexponential curve (Fig. 4A). Of the 3
associated half-lives, the first 2 (;0.4 and 5.7 min) largely
reflected distribution and the last (;82 min) reflected
elimination (i.e., metabolism and excretion). However,
the 3 components accounted for nearly equal portions of
the total AUC0-N: approximately 18%, 28%, and 33%. The
portion before the peak accounted for approximately 20%
of the AUC0-N. The concentration of 18F-FMPEP-d2 in the
plasma of some subjects remained the same or slightly
increased during the 2 later imaging intervals (150–180 and
210–240 min) but declined during the rest intervals (120–
150, 180–210, and 240–270 min). During the rest intervals,
subjects arose from the camera and walked around,
suggesting that the shifting of fluid in the body may have
mobilized and redistributed 18F-FMPEP-d2.

FIGURE 2. 18F-FMPEP-d2 in human brain. PET images
from 30 to 60 min after injection of 18F-FMPEP-d2 were
averaged (left column) and coregistered to subject’s MR
images (middle column). PET and MR images are overlaid in
right column.

FIGURE 3. Time–activity curves of 18F-FMPEP-d2 in brain
from single subject scanned for 300 min. (A) Decay-
corrected measurements from putamen (n), prefrontal cortex
(h), cerebellum (d, pons (s), and white matter (·) were fitted
with unconstrained 2-tissue-compartment model (–). Puta-
men was consistently region of highest brain uptake. White
matter was consistently region of lowest brain uptake,
followed by pons. (B) Decay-corrected measurements from
same subject demonstrate uptake of radioactivity in clivus
(¤), occiput ()), and parietal bones (:). Concentration
(Conc) is expressed as SUV, which normalizes for injected
activity and body weight.

IMAGING CB1 RECEPTORS USING 18F-FMPEP-d2 • Terry et al. 115

by on July 5, 2014. For personal use only. jnm.snmjournals.org Downloaded from 

Terry et al. 2010



CB2 Receptor Distribution

Ahmad, 2013



CB Receptors Evolved 600 Million Years Ago

human
monkey
rat
mouse
finch
newt
Fugu fish
sea squirt

Drosophila, Apis
McPartland, 2006



Endogenous Cannabinoids



Anandamide (AEA)
Devane, Mechoulam et al., 1992

Endogenous Cannabinoid Ligands: 
The Endocannabinoids

2-arachidonoylglycerol (2-
AG)
Mechoulam et al., 1995
Sugiura et al., 1995



• Retrograde messengers in nervous system. 

• Autocrine and paracrine mediators elsewhere.

• Endocrine effects of circulating eCBs

• Synthesized “on demand” from cell membrane 
precursors (arachidonic acid derivatives) and 
immediately released.

• Degraded by enzymatic hydrolysis

• AEA: fatty acid amide hydrolase (FAAH)

• 2-AG: monoacylglycerol lipase (MAGL)

Endogenous Cannabinoid Ligands: 
The Endocannabinoids



Numerous Other Endogenous 
Cannabinoids

Battista et al., 2012

Battista et al. The endocannabinoid system: an overview

FIGURE 1 | Chemical structures of biologically active eCBs and of the eCB-like compounds.

FIGURE 2 | Schematic representation of the main elements that
constitute the endocannabinoid system. The synthesis of
N-arachidonoyl-ethanolamine (AEA) is due to the activity of a NAPE-specific
phospholipase D (NAPE-PLD), whereas a fatty acid amide hydrolase (FAAH) is
responsible for its intracellular degradation to ethanolamine (EtNH2) and
arachidonic acid (AA). 2-Arachidonoylglycerol (2-AG) is released from
membrane lipids through the activity of diacylglycerol lipase (DAGL), and it is

hydrolyzed by a cytosolic monoacylglycerol lipase (MAGL) that releases
glycerol and AA. A purported endocannabinoid membrane transporter (EMT)
clears AEA and 2-AG from the extracellular space, and takes them up into the
cell. Both AEA and 2-AG trigger several signal transduction pathways by
acting at their targets, CB1, CB2, GPR55, and nuclear PPARs. AEA, but not
2-AG, binds intracellularly also TRPV1, and thus it is also designated as a true
endovanilloid.

revised by a number of studies documenting the presence of CB1
in several non-neuronal cells and tissues (Gong et al., 2006), and
of CB2 in the brain stem (van Sickle et al., 2005) and in neuronal
cells upon exogenous insults (Viscomi et al., 2009). In addition,
the non-selective cationic channel type-1 vanilloid receptor (tran-
sient receptor potential vanilloid 1, TRPV1), usually activated by
capsaicin and by noxious stimuli-like heat and protons (Di Marzo

and De Petrocellis, 2010), is an alternative target for AEA, but not
for 2-AG. More recently, also nuclear receptors like the peroxi-
some proliferator-activated receptors (PPARs) have been added
to the list of eCBs targets, activated under physiological and
pathological conditions (Pistis and Melis, 2010). A schematic rep-
resentation of eCBs, their receptors, biosynthetic and catabolic
enzymes, as well as putative transporter, is depicted in Figure 2.

Frontiers in Behavioral Neuroscience www.frontiersin.org March 2012 | Volume 6 | Article 9 | 2



Other Endocannabinoid Targets
• GPR55 (Ryberg, 2007) (Staton, 2008)

• TRPV1 “capsaicin receptor” (Ross, 2003)

• PPARs: Peroxisome proliferator-activated 
receptors (O'sullivan, 2007)

• Voltage-gated ion channels
– Ca2+, Na+, and various types of K+ channels

• Ligand-gated ion channels
– 5-HT3 and nicotinic ACh receptors. (Oz, 2006)



CB1 Receptor Distribution in CNS
• One of the most common G 

protein coupled   receptor in 
the brain

• Highest densities:
– hippocampus
– cerebral cortex
– cerebellum
– amygdaloid nucleus
– basal ganglia

Glass, 1997
Burns, 2007

• Correlate with changes in:
• short-term memory
• cognition
• mood and emotion
• motor function
• nociception

• Virtually absent in 
brainstem cardiorespiratory 
centers – no lethal 
overdose



Cannabinoid Activity in the Synapse: 
Retrograde Signaling



Retrograde Synaptic Transmission

McPartland, John M. "The endocannabinoid system: an osteopathic perspective." The 
Journal of the American Osteopathic Association 108.10 (2008): 586-600.

Depolarization-
induced 
suppression of 
excitation

Replace GABA for 
glutamate = 
depolarization-
induced 
suppression of 
inhibition



• Neurogenesis
• pCREB: phosphorylated cAMP response element-binding protein
• BDNF: brain-derived neurotrophic factor

• Depolarization-induced suppression of excitation (DSE) 
• Depolarization-induced suppression of inhibition (DSI) 
• Long-term potentiation (LTP)
• Long-term depression (LTD)

Mechanisms By Which Cannabinoids 
Modulate Neural Plasticity

Fishbein, 2012
Lovinger, 2008



Neural Protection
• AEA and 2-AG are endogenous neuroprotective agents 

produced by the nervous system upon both chemical 
and mechanical trauma. (Mechoulam, 2002)

• ∆9-THC, CBD, AEA, 2-AG, and HU-210 all decrease 
glutamate excitotoxicity. (Baker, 2003)
• Reduce seizure activity
• Limit infarct size post-stroke

• Cannabinoids effective at reducing and preventing 
perinatal brain injury (reviewed in Fernández-Lo ́pez et al., 2013)



• Sympathetic Nervous System: CB1
• Inhibits norepinephrine release
• Dampens sympathetically mediated pain
• Modulates hypothalamic–pituitary–adrenal (HPA) axis and 

hypothalamic-locus coeruleus-norepinephrine (HLN) axis 

• Parasympathetic Nervous System: CB1 
• Reduces elevated activity, providing the antiemetic effects 

of cannabinoids.

Autonomic Tone

Pertwee, 2005



• Myocardial CB1 activation: vagally mediated 
biphasic effects in heart rate and cardiac contractility

• Vascular tissue CB1 activation: vasodilation
• Antihypertensive effects in humans
• Protective role in myocardial ischemia has been 

suggested in rodent studies.

Autonomic Tone – Vascular and 
Cardiac

(Pacher, 2006)



Endocannabinoid System and Pain
Pre-clinical models show ECS activation causes antinociceptive effects in 
• Acute Pain
• Persistent Inflammatory Pain
• Neuropathic Pain

Guindon, 2009

Cannabinoid tetrad test:
• Hypomotility
• Catalepsy
• Hypothermia
• Analgesia

Martin, 1991



Antinociceptive Effects Of Cannabinoids 
Involve Many Mechanisms

• Descending pain 
inhibitory pathway

• Peripheral terminals of 
nociceptors

• Dorsal horn
• Supratentorial sites 

Reviewed in McPartland, 2008; Guindon, 2009 Image: Bodyworlds.com



Cannabinoid-Opioid Synergy
• Opioid and cannabinoid receptors are both present in 

pain signaling regions of the brain and spinal cord.

• Opioid and cannabinoid signaling pathways interact with 
each other.

• Administering cannabinoids with opioids results in a greater 
than additive antinociceptive (anti-pain) effect.

reviewed in Cichewicz, 2004



Cannabinoid-Opioid Synergy



Opioid-sparing Effect of Cannabinoids: A 
Systematic Review and Meta-analysis

• 17 of 19 pre-clinical studies demonstrated synergistic 
effects from opioid-cannabinoid co-administration. 

• The ED50 of morphine administered in combination with 
THC is 3.6 times lower than the ED50 of morphine alone 
(95% CI 1.95, 6.76; n = 6). 

• The ED50 for codeine administered in combination with 
THC was 9.5 times lower than the ED50 of codeine alone. 
(95% CI 1.6, 57.5, n = 2) 

Nielsen et al., 2017 



Endocannabinoid 
Neurophysiology Summary

• Retrograde synaptic transmission
• Neuroprotection
• Neuroplasticity
• Autonomic regulation
• Antinociception
• Synergy with opioid system



Endocannabinoids in Embryology
• CB1 detected in mouse embryos as early as second 

day of gestation.

• Blastocyst implantation into the endometrium requires 
suitable levels of AEA.

• Proliferation and differentiation of neural stem cells 
are shaped by extracellular cues provided by 
endocannabinoids.

Park, 2004 6 day old human embryo implanting itself onto the wall of the womb



Endocannabinoid Activity in Bone
• Osteoblasts and Osteoclasts 

– produce AEA and 2-AG
– express CB2 receptor: 

• ê osteoclast activity
• é osteoblast activity

• CB1 receptors are present in sympathetic nerve terminals in 
close proximity to osteoblasts.
– retrograde CB1 signaling inhibits norepinephrine release and 

alleviates the tonic sympathetic restrain of bone formation

Bab, 2008



ECS Modulates Immune Cells 
• T- and B-lymphocyte proliferation
• T- and B-lymphocyte apoptosis
• Macrophage-mediated killing of sensitized cells
• Inflammatory cytokine production
• Immune cell activation by inflammatory stimuli
• Chemotaxis
• Inflammatory cell migration



ê Th1 cytokines: IL-2, IFNg, TNFa
ê Metalloproteinases
é Th2 cytokines: IL-4, IL-5, IL-10
é subsets of B, T, & NK cells

Endocannabinoid 
Immunomodulation

reviewed in McPartland, 2008



Endocannabinoids in the 
Digestive System

CB1 receptor modulates
• Enteric nervous system 
• Gastric acid secretion 
• Lower esophageal sphincter tone
• Intestinal motility, visceral pain, and 

inflammation 
Reviewed in Galli, 2011; Izzo, 2008



Endocannabinoids in the 
Digestive System

CB2 receptors 
• Lamina propria, plasma cells, activated 

macrophages
• Myenteric and submucosal plexus ganglia in human 

ileum 
• Involved in the inhibition of inflammation, visceral 

pain, and intestinal motility in the inflamed gut 

Reviewed in Galli, 2011; Izzo, 2008



• Human breast milk contains endocannabinoids
• Newborn mice given CB1 antagonist stop suckling and die.
• The endocannabinoid system modulates cell metabolism 

via ghrelin, leptin, orexin, and adiponectin signaling 
pathways.

• Obesity leads to excessive production of endocannabinoids 
by adipocytes, which drives CB1 into a feed-forward 
dysfunction, contributing to metabolic syndrome.

Fride, 2004
Matias, 2007

ECS in Hunger and Metabolism



Summary
• The ECS is widely distributed throughout the body.
• The primary function of the ECS is cellular 

homeostasis.
• Our understanding of the ECS is incomplete, 

emerging, and suggests significant complexity.
• Manipulation of the ECS may provide effective 

treatment for a wide variety of diseases.



“...modulating endocannabinoid system activity may have therapeutic 
potential 

in almost all diseases affecting humans, 
including obesity/metabolic syndrome; diabetes and diabetic 
complications; pain; neurodegenerative, inflammatory, cardiovascular, 
liver, gastrointestinal and skin diseases; psychiatric disorders; cachexia; 
cancer; and chemotherapy-induced nausea and vomiting, amongst 
many others.”

Pacher, Pál, and George Kunos. "Modulating the endocannabinoid 
system in human health and disease–successes and failures." FEBS 
Journal 280.9 (2013): 1918-1943.



ECS Dysfunction?



Cannabinoid Receptor Polymorphisms
Associated with:

– Schizophrenia Subtypes (Ujike, 2002)
– Alcohol Dependence (Schmidt, 2002)
– Body Mass Index (Gazzerro, 2006)
– Central Obesity (Jaeger, 2008)
– ADHD and PTSD (Lu, 2008) 
– Happiness (Matsunaga, 2014)
– Serum lipid profiles (Luis et al., 2016)
– Headache w/ nausea during life stress (Juhasz et al., 2016)
– Response to a Mediterranean hypocaloric diet (de Luis et al., 2016)
– Risk of cyclic vomiting syndrome (Wasilewski et al., 2017)
– Marijuana demand (Aston et al., 2017)



REVIEW Open Access

Clinical Endocannabinoid Deficiency Reconsidered:
Current Research Supports the Theory in Migraine,
Fibromyalgia, Irritable Bowel, and Other
Treatment-Resistant Syndromes
Ethan B. Russo*

Abstract
Medicine continues to struggle in its approaches to numerous common subjective pain syndromes that lack ob-
jective signs and remain treatment resistant. Foremost among these are migraine, fibromyalgia, and irritable
bowel syndrome, disorders that may overlap in their affected populations and whose sufferers have all endured
the stigma of a psychosomatic label, as well as the failure of endless pharmacotherapeutic interventions with
substandard benefit. The commonality in symptomatology in these conditions displaying hyperalgesia and cen-
tral sensitization with possible common underlying pathophysiology suggests that a clinical endocannabinoid
deficiency might characterize their origin. Its base hypothesis is that all humans have an underlying endocanna-
binoid tone that is a reflection of levels of the endocannabinoids, anandamide (arachidonylethanolamide), and
2-arachidonoylglycerol, their production, metabolism, and the relative abundance and state of cannabinoid re-
ceptors. Its theory is that in certain conditions, whether congenital or acquired, endocannabinoid tone becomes
deficient and productive of pathophysiological syndromes. When first proposed in 2001 and subsequently, this
theory was based on genetic overlap and comorbidity, patterns of symptomatology that could be mediated by
the endocannabinoid system (ECS), and the fact that exogenous cannabinoid treatment frequently provided
symptomatic benefit. However, objective proof and formal clinical trial data were lacking. Currently, however,
statistically significant differences in cerebrospinal fluid anandamide levels have been documented in migrai-
neurs, and advanced imaging studies have demonstrated ECS hypofunction in post-traumatic stress disorder.
Additional studies have provided a firmer foundation for the theory, while clinical data have also produced ev-
idence for decreased pain, improved sleep, and other benefits to cannabinoid treatment and adjunctive lifestyle
approaches affecting the ECS.

Key words: anandamide; anorexia nervosa; cannabidiol; cannabinoids; depression; endocannabinoids; fibro-
myalgia; Huntington disease; irritable bowel syndrome; migraine; motion sickness; multiple sclerosis; Parkinson
disease; post-traumatic stress disorder; prebiotics; THC

Introduction: Background History and Theory
of Clinical Endocannabinoid Deficiency
The theory of clinical endocannabinoid deficiency
(CED) was presented in 2001 in two publications,1,2

but more thoroughly explored in 20043 in an article
that has subsequently been cited frequently in the lit-

erature.4 The theory of CED was based on the con-
cept that many brain disorders are associated with
neurotransmitter deficiencies, affecting acetylcholine
in Alzheimer’s disease, dopamine in parkinsonian syn-
dromes, serotonin and norepinephrine in depression,
and that a comparable deficiency in endocannabinoid

PHYTECS, Vashon Island, Washington.
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• 93 children w/ ASD matched to 93 
neurotypical controls

• Children with ASD had lower levels of 
AEA, OEA, & PEA

RESEARCH Open Access

Lower circulating endocannabinoid levels
in children with autism spectrum disorder
Adi Aran1* , Maya Eylon2, Moria Harel1, Lola Polianski1, Alina Nemirovski2, Sigal Tepper3, Aviad Schnapp1,
Hanoch Cassuto1, Nadia Wattad1 and Joseph Tam2

Abstract

Background: The endocannabinoid system (ECS) is a major regulator of synaptic plasticity and neuromodulation.
Alterations of the ECS have been demonstrated in several animal models of autism spectrum disorder (ASD). In
some of these models, activating the ECS rescued the social deficits. Evidence for dysregulations of the ECS in
human ASD are emerging, but comprehensive assessments and correlations with disease characteristics have not
been reported yet.

Methods: Serum levels of the main endocannabinoids, N-arachidonoylethanolamine (AEA or anandamide) and
2-arachidonoylglycerol (2-AG), and their related endogenous compounds, arachidonic acid (AA), N-palmitoylethanolamine
(PEA), and N-oleoylethanolamine (OEA), were analyzed by liquid chromatography/tandem mass spectrometry in 93
children with ASD (age = 13.1 ± 4.1, range 6–21; 79% boys) and 93 age- and gender-matched neurotypical children
(age = 11.8 ± 4.3, range 5.5–21; 79% boys). Results were associated with gender and use of medications, and were
correlated with age, BMI, and adaptive functioning of ASD participants as reflected by scores of Autism Diagnostic
Observation Schedule (ADOS-2), Vineland Adaptive Behavior Scale-II (VABS-II), and Social Responsiveness Scale-II (SRS-2).

Results: Children with ASD had lower levels (pmol/mL, mean ± SEM) of AEA (0.722 ± 0.045 vs. 1.252 ± 0.072, P < 0.0001,
effect size 0.91), OEA (17.3 ± 0.80 vs. 27.8 ± 1.44, P < 0.0001, effect size 0.94), and PEA (4.93 ± 0.32 vs. 7.15 ± 0.37,
P < 0.0001, effect size 0.65), but not AA and 2-AG. Serum levels of AEA, OEA, and PEA were not significantly associated
or correlated with age, gender, BMI, medications, and adaptive functioning of ASD participants. In children with ASD,
but not in the control group, younger age and lower BMI tended to correlate with lower AEA levels. However, these
correlations were not statistically significant after a correction for multiple comparisons.

Conclusions: We found lower serum levels of AEA, PEA, and OEA in children with ASD. Further studies are needed to
determine whether circulating endocannabinoid levels can be used as stratification biomarkers that identify clinically
significant subgroups within the autism spectrum and if they reflect lower endocannabinoid “tone” in the brain, as
found in animal models of ASD.

Keywords: Autism spectrum disorder, Endocannabinoid system, Anandamide, N-arachidonoylethanolamine,
2-arachidonoylglycerol, Arachidonic acid, N-palmitoylethanolamine, N-oleoylethanolamine, Biomarkers, Cannabinoids
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Cannabinoid Pharmacology



Δ9-THC

• THC mimics AEA and 2- AG by acting 
as an partial agonist at CB1 and CB2.

• Analgesic, antipruritic, antispasmodic, 
antioxidant, bronchodilatory, 
neuroprotective, anti-inflammatory, 
antiemetic, psychoactive

Reviewed in Pertwee, 2008

76 HANDBOOK OF CANNABIS FOR CLINICIANS

Cannabidiol

FIGURE 13.3
Cannabidiol (CBD) Chemical 2D Structure
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Over 65 distinct pharmacologic targets for cannabidiol (CBD, Figure 13.3) have been 
identified on the basis of in vitro studies, including receptors, ion channels, enzymes, 
and transporters.18 While the activity at many of these targets requires concentrations 
that are unlikely to occur in vivo, CBD is strongly pleiotropic, yet it is remarkably safe and 
well- tolerated. In pre- clinical and/or clinical studies, CBD has demonstrated the follow-
ing physiologic effects:

• anticonvulsive
• anti- inflammatory
• analgesic
• antioxidant
• antifibrotic
• anxiolytic
• antipsychotic
• procognitive
• neuroprotective
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Δ9-THC: Non-CB Targets

• Activates
–GPR18
–GPR55
– PPARγ nuclear 

receptor 
– TRPA1,TRPV2, 

TRPV3, TRPV4

• Inhibits
– 5-HT3A 
– TRPM8 
–GPR55

Reviewed in Pertwee, Roger G., ed. Handbook 
of cannabis. Oxford University Press, USA, 2014.
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CBD Mechanism of Action
• Very low affinity for CB1 

and CB2 receptors 
• Allosteric antagonism of 

CB1 & CB2 agonists 
• Non-competitive inverse 

agonist

http://biowiki.ucdavis.edu/Biochemistry/Transport_and_Kinetics/Enzyme_Inhibition/Agonist_and_Antagonist_of_Ligand_Binding

Zhornitsky & Potvin, 2012; Laprairie etal., 
2015; Morales et al., 2016; 



CBD: Other Mechanisms of Action
• Activates

– 5-HT1A serotonergic 
– TRPV1-4

– PPARγ nuclear receptor 

– GPR18

– 𝛂3 glycine

• Antagonizes 
– GPR55
– 𝛂-adrenergic 
– µ-opioid receptors
– Adenosine receptors

– GPR18

• Inhibits uptake
– noradrenaline
– dopamine 
– serotonin 
– GABA
– anandamide 

• Inhibits activity of fatty amide 
hydrolase (FAAH) and numerous 
other enzymes

• Acts on mitochondria Ca2 stores via 
VDAC1

• And more…

reviewed in Zhornitsky, 2012; Pertwee, 2014



Rong, et al. 2017



THC & CBD Synergism
Cannabidiol (CBD) 
– Antagonizes undesirable effects of THC such 

as intoxication, sedation and tachycardia
– Enhances the analgesic, anti-emetic, and 

anti-carcinogenic properties of THC.  

Russo & Guy, 2006





• Assessed the influence of oral CBD (0, 200, 400, 800mg) on smoked 
cannabis (0.01% & 5.3–5.8% THC). 

• Non-treatment-seeking, healthy cannabis smokers (n = 31) 
• CBD was administered 90 min prior to cannabis administration. 

• Conclusion: oral CBD does not reduce the reinforcing, physiological, 
or positive subjective effects of smoked cannabis
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Cannabidiol (CBD), a constituent of cannabis with few psychoactive effects, has been reported in some studies to attenuate certain aspects
of Δ9-tetrahydrocannabinol (THC) intoxication. However, most studies have tested only one dose of CBD in combination with one dose
of oral THC, making it difficult to assess the nature of this interaction. Further, the effect of oral CBD on smoked cannabis administration is
unknown. The objective of this multi-site, randomized, double-blind, within-subject laboratory study was to assess the influence of CBD
(0, 200, 400, 800 mg, p.o.) pretreatment on the reinforcing, subjective, cognitive, and physiological effects of smoked cannabis
(0.01 (inactive), 5.30–5.80% THC). Non-treatment-seeking, healthy cannabis smokers (n= 31; 17M, 14 F) completed eight outpatient
sessions. CBD was administered 90 min prior to cannabis administration. The behavioral and cardiovascular effects of cannabis were
measured at baseline and repeatedly throughout the session. A subset of participants (n= 8) completed an additional session to measure
plasma CBD concentrations after administration of the highest CBD dose (800 mg). Under placebo CBD conditions, active cannabis
(1) was self-administered by significantly more participants than placebo cannabis and (2) produced significant, time-dependent increases in
ratings of ‘High’, ‘Good Effect’, ratings of the cannabis cigarette (eg, strength, liking), and heart rate relative to inactive cannabis. CBD,
which alone produced no significant psychoactive or cardiovascular effects, did not significantly alter any of these outcomes. Cannabis
self-administration, subjective effects, and cannabis ratings did not vary as a function of CBD dose relative to placebo capsules. These
findings suggest that oral CBD does not reduce the reinforcing, physiological, or positive subjective effects of smoked cannabis.
Neuropsychopharmacology advance online publication, 10 February 2016; doi:10.1038/npp.2015.367
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INTRODUCTION

The cannabis plant comprises over 104 cannabinoids
(ElSohly and Gul, 2014) including Δ9-tetrahydrocannabinol
(THC), the primary psychoactive cannabinoid and the one
that defines cannabis potency (Izzo et al, 2009). THC binds
to the cannabinoid 1 (CB1) receptor, which mediates the
positive subjective and reinforcing effects of cannabis (see
Cooper and Haney, 2008). Cannabidiol (CBD), by contrast,
is a cannabinoid with few if any psychoactive effects
(Zhornitsky and Potvin, 2012), and a varied and complex
pharmacology. CBD has low affinity for CB1 and CB2

receptors (Pertwee et al, 2010), binds to TRPV1,2, GPR55,
and 5HT1a receptors and inhibits anandamide hydrolysis via
FAAH inhibition (Mechoulam et al, 2002; Grotenhermen,
2005; Ryberg et al, 2007). Hashish may contain equal parts

CBD and THC (ElSohly et al, 2003; Hardwick and King,
2008; Potter et al, 2008), but CBD is typically present in low
concentrations in recreational cannabis (o0.1%), based on
samples seized by law enforcement.
Yet the effect CBD has, either alone or when combined with

THC, is an area of some disagreement. Oral CBD (300–600mg)
alone has been reported to produce mild sedative and anxiolytic
effects in some studies (Zuardi et al, 1993; Crippa et al, 2004,
2011; Bergamaschi et al, 2011a, b), whereas most report no
measurable psychoactivity (Benowitz et al, 1980; Borgwardt
et al, 2008; Bhattacharyya et al, 2009; Winton-Brown et al, 2011;
see Niesink and van Laar, 2013). When combined with THC,
some have shown that (1) smoked CBD (150 μg/kg) attenuated
the ‘euphoric’ effects of smoked THC (25 μg/kg; Dalton et al,
1976) and (2) oral CBD (1mg/kg) reduced spontaneous
reports of oral THC intoxication (Zuardi et al, 1982). These
studies suggested that cannabinoids such as CBD lessen the
‘unwanted psychotropic effects’ of THC (Stott et al, 2013), and
contributed to the rationale for combining THC and CBD for
therapeutic use in the form of nabiximols, an oromucosal spray
with 1 : 1 ratio of CBD and THC (Russo and Guy, 2006).
Yet most studies show that neither smoked, vaporized nor

oral CBD alters THC’s positive subjective effects, such as
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A B S T R A C T

Cannabis has been employed medicinally throughout history, but its recent legal prohibition, biochemical
complexity and variability, quality control issues, previous dearth of appropriately powered randomised con-
trolled trials, and lack of pertinent education have conspired to leave clinicians in the dark as to how to advise
patients pursuing such treatment. With the advent of pharmaceutical cannabis-based medicines (Sativex/na-
biximols and Epidiolex), and liberalisation of access in certain nations, this ignorance of cannabis pharmacology
and therapeutics has become untenable. In this article, the authors endeavour to present concise data on can-
nabis pharmacology related to tetrahydrocannabinol (THC), cannabidiol (CBD) et al., methods of administration
(smoking, vaporisation, oral), and dosing recommendations. Adverse events of cannabis medicine pertain pri-
marily to THC, whose total daily dose-equivalent should generally be limited to 30 mg/day or less, preferably in
conjunction with CBD, to avoid psychoactive sequelae and development of tolerance. CBD, in contrast to THC, is
less potent, and may require much higher doses for its adjunctive benefits on pain, inflammation, and at-
tenuation of THC-associated anxiety and tachycardia. Dose initiation should commence at modest levels, and
titration of any cannabis preparation should be undertaken slowly over a period of as much as two weeks.
Suggestions are offered on cannabis-drug interactions, patient monitoring, and standards of care, while special
cases for cannabis therapeutics are addressed: epilepsy, cancer palliation and primary treatment, chronic pain,
use in the elderly, Parkinson disease, paediatrics, with concomitant opioids, and in relation to driving and
hazardous activities.

1. Introduction

Cannabis has a history of medical application likely exceeding that
of the written word, including mainstream usage in Europe and North
America for a century between 1840 and 1940 [1,2]. It is only in the
last century that quality control issues, the lack of a defined chemistry,
and above all, politically and ideologically motivated prohibition re-
legated it planta non grata. The discovery and elucidation of the en-
docannabinoid system [3], coupled with a popular tidal wave of an-
ecdotal accounts and renaissance of therapeutic clinical trials renders
that status quo ante untenable.

One preparation, Sativex® (USAN: nabiximols), an oromucosal
cannabis-based medicine with 2.7 mg of THC and 2.5 mg CBD plus
terpenoids per spray has attained regulatory approval in 29 countries
for treatment of spasticity in multiple sclerosis, having met the

standards of safety, efficacy and consistency required of any pharma-
ceutical. The problem for physicians with respect to treatment with
herbal cannabis remains acute, however: How does the responsible
healer and medical scientist approach the desperate patient for whom
conventional medicine has failed and wishes to avail themselves of a
purportedly healing herb that has been an international societal outlaw
for decades? The answer is simple: educational and scientific standards
apply to the cannabis controversy equally with that of any other pu-
tative therapy.

Unfortunately, physicians of the world remain profoundly un-
educated with respect to cannabis and the endocannabinoid system
(ECS) that underlies much of its activity. A recent USA study [4]
documented that 89.5% of surveyed residents and fellows felt un-
prepared to prescribe, while only 35.3% even felt ready to answer
cannabis questions. Additionally, only 9% of American medical schools
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oral THC may induce toxic psychosis in the naïve or susceptible in-
dividual [44], such reactions were only identified in 4 of 260 exposures
to high dose nabiximols for a Phase I RCT containing 48.6 mg of THC by
virtue of its CBD and terpenoid profile [39]. Extrapolation of data in
Figs. 1 and 2 suggest that other Type II oral preparations may produce
similar results with slow titration.

10. Drug interactions

Most drug interactions are associated with concurrent use of other
CNS depressants with cannabis. Clinically, significant drug interactions
have proven rare [7], and there is no drug that cannot be used with
cannabis, if necessary. THC is oxidised by (CYP) 2C9, 2C19, and 3A4.
Therefore, serum levels may increase with inhibitors, or decrease with
enzyme inducers. Pertinent drug interaction studies are few [45,46].
Existing studies have not demonstrated toxicity/ loss of effect of con-
comitant medications, but still theoretically possible [47]. One excep-
tion is high dose CBD with clobazam, wherein high levels of a sedating
metabolite, N-desmethyl clobazam will require a dose reduction for that
drug [29].

11. Monitoring

Depending on the patient, they may need to be seen in follow up
every 1–6 months depending on several factors such as; their familiarity
with cannabis, comorbid medical conditions, ability to adhere to
treatment plan instructions and keep an inventory of cannabis efficacy
on individual symptoms/conditions. This should involve appropriate

monitoring for efficacy (consider changing dosage routes, dose, and/or
plant varieties if needed), side effects of THC, review of concomitant
medication changes, and when it is appropriate to initiate a gentle drug
taper to minimise withdrawal symptoms, which are rarely problematic
in medicinal cannabis patients [48–50]. Finally, consider implementing
validated questionnaires and quality of life assessments to allow for
documentation of objective measures to capture improvement in
symptoms and function.

12. Special cases

12.1. Epilepsy

Cannabis has a long traditional use in treatment of seizures [51], but
has frequently been contraindicated in that context in RCTs due to the
observed association of THC with proconvulsant effects in rodents at
high doses. In contrast, CBD displays only anticonvulsant properties
and as Epidiolex® cannabis extract, has been proven safe and effective
in a variety of intractable epilepsies, such as Dravet and Lennox-Gastaut
syndromes in both observational settings [52] and Phase III clinical
trials [29]. Regulatory approval in the USA is expected in 2018. CBD in
the latter settings has often required very high doses, as much as
2500 mg/d., whereas some clinicians have claimed similar efficacy at
much lower doses when CBD is utilised in preparations containing
concomitant low dose THC, THCA and even the anticonvulsant terpe-
noid, linalool [18].

12.2. Cancer

The anti-emetic effects of THC in association with cancer che-
motherapy have long been known and a synthetic form was approved
for such use in the USA in 1985. Benefits as a palliative for sleep [53],
and particularly for opioid-resistant cancer pain have also been de-
monstrated in two Phase II clinical trials of nabiximols [54,55], but
unfortunately were not proven definitively in subsequent Phase III
studies. Cancer pain remains an indication in Canada under a Notice of
Compliance with conditions.

Cannabis has also been an historical primary treatment for cancer
[2], with extensive basic science documentation of its cytotoxic effects
with cytopreservative effects on normal cells. Initial trials and case
reports support the acute need for more formal investigation [56–59].
Thousands of patients worldwide are pursuing such treatment, most
often without benefit of appropriate medical monitoring. Both basic
science [60,61] and anecdotal clinical reports suggest that cannabis-
based treatment is most effective in conjunction with conventional
approaches, whether chemotherapy or radiation. High doses (up to
1000 mg/d), preferably of mixed phytocannabinoids (as in cannabis
extracts), for up to 3 months may be required to eradicate some ma-
lignancies, but emphasis is required that this approach remains

Table 4
Adverse events associated with cannabis-based medicines.

Side effect Most common Common Rare

Drowsiness/fatigue ✓
Dizziness ✓
Dry mouth ✓
Cough, phlegm, bronchitis

(Smoking only)
✓

Anxiety ✓
Nausea ✓
Cognitive effects ✓
Euphoria ✓
Blurred vision ✓
Headache ✓
Orthostatic hypotension ✓
Toxic psychosis/paranoia ✓
Depression ✓
Ataxia/dyscoordination ✓
Tachycardia (after titration) ✓
Cannabis hyperemesis ✓
Diarrhea ✓

Fig. 2. Graphical comparison of threshold dosing of THC vs. na-
biximols producing toxic psychosis.

C.A. MacCallum, E.B. Russo (XURSHDQ�-RXUQDO�RI�,QWHUQDO�0HGLFLQH�������������²��

��



Other Active Phytoconstituents
• 150+ cannabinoids including THC, CBN, CBD, CBC, 

CBG, THCV and other minor cannabinoids.

• Terpenoids and flavonoids also have therapeutic 
properties.

• Acidic (raw) cannabinoids (e.g. THCA, CBDA) have 
different properties and mechanisms of action.

• Antioxidant and antimicrobial properties



CBG: Mechanisms of Action
• CBG readily crosses the blood-brain-barrier in rodents
• CB1 & CB2:

– CBG is more like THC, but with a lower affinity (by a factor 
of between 5-fold and 27-fold)

• Ion Channels
– CBD and CBG are comparable at six transient receptor 

potential cation channels (TRPA1, TRPV1, TRPV2. TRPV3, 
TRPV4, and TRPM8) 



CBG: 𝛼-2 Adrenoceptor 
• Agonism results in decreased 

sympathetic nervous system activity
– CBG had higher affinity than clonidine 

(computational model)
– CBG’s receptor sub-type selectivity awaits 

further elucidation
• Implications for blood pressure, pain, 

ADD/ADHD, opiate withdrawal, tic 
disorders, PTSD, dementia, etc. 



CBG: Therapeutic Potential
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Tetrahydrocannabivarin (THCV)
• CB1 antagonist at low doses (Thomas et al. 2005)
• CB1 agonist at higher doses (Pertwee 2007)
• Produces weight loss, decreased body fat and serum 

leptin concentrations with increased energy expenditure 
in obese mice (Cawthorne 2007; Riedel 2009)

• Anticonvulsant (Hill 2010)
• Decreased edema & hyperalgesia (Bolognini 2010)
• Lacks AE liabilities of inverse agonists (McPartland 2015)

O

OH

tetrahydrocannabivarin



Tetrahydrocannabinolic Acid 
(THCA)

• Pharmacologically distinct from THC
• Little to no activity at CB1 and CB2 (McPartland et al., 2017)

• No psychoactivity observed (Grunfeld & Edery, 1969)
– rhesus monkeys (≤ 5 mg/kg), mice (≤ 20 mg/kg), dogs (≤ 7 mg/kg)

• Immunomodulatory, anti-inflammatory, neuroprotective, and 
antineoplastic effects 
– Suppress TNF-a release, independent of CB1 or CB2 in vitro (Verhoeckx et 

al., 2006). 
– Scavenges free radicals, inhibits breast and prostate carcinoma cell lines

(Moreno-Sanz, 2016)
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descending pathway of antinociception in rat ventrolateral periaqueductal gray (Maione et al. 
2011). It was also found by Maione et al. (2011) that intracerebrally injected CBC reduced tail 
flick-related nociception in anesthetized rats in a manner that could be blocked by intracerebral 
administration of the CB1-selective antagonist, AM251, the adenosine A1-selective antagonist, 
DPCPX, and the TRPA1-selective antagonist, AP18, although not by the TRPV1-selective antago-
nist,  5′-iodo-resiniferatoxin. The extent to which CBC induces antinociception by activating/ 
desensitizing TRP channels, by somehow increasing the activation of adenosine A1 receptors 
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Fig. 7.1 The chemical structures of cannabichromene (CBC), cannabidiol (CBD), cannabidivarin 
(CBDV), cannabidiolic acid (CBDA), cannabigerol (CBG), cannabigerovarin (CBGV), cannabigerolic 
acid A (CBGA-A), cannabigerolic acid B (CBGA-B), ∆9-tetrahydrocannabinolic acid A (THCA-A),  
∆9-tetrahydrocannabinolic acid B (∆9-THCA-B), ∆9-tetrahydrocannabivarinic acid A (∆9-THCVA-A), 
and ∆9-tetrahydrocannabivarinic acid B (∆9-THCVA-B).



THCA - continued
• Anti-inflammatory and anti-fibrotic effects in animal models of 

chemically- and obseity-induced injury (Carmona-Hidalgo et al., 
2020)

• Reduces adiposity and prevents metabolic disease via PPARγ 
(Palomares et al., 2020)

• CB1 positive allosteric modulator? (Palomares et al., 2020)

• In vitro and ex vivo models of inflammatory bowel disease 
demonstrated anti-inflammatory effects of THCA without the biphasic 
pro-inflammatory effects seen with CBD. (Nallathambi et al., 2017)



THC Confounder? 

Ultra-low Dose THC 0.002 mg/kg

• Cardioprotection in mice (Waldman et al, 2013)

• Liver protection in ischemia/reperfusion injury in 
mice (Hochhauser et al., 2015)

• Long-lasting activation of protective signaling 
molecules in the brain (Fishbein et al., 2008)



CBDA
• Shares the ability of CBD to activate   

5-HT1A, but much stronger 
• Does not act upon CB1 or CB2
• Activates GPR55, TRPA1, TRPV1, and 

TRPM8 
• Cox-2 inhibition

Reviewed in Russo and Marcu, 2017
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CBDA: Superior Bioavailability 
and Efficacy

• CBD demonstrated antiemetic effects at 5 mg/kg; CBDA was effective at 0.0005 
mg/kg.
– Dose–response curve for the antiemetic effect of CBDA was not biphasic, as has been 

reported for CBD, with potentiation of vomiting at 20–40 mg/kg. 

– Rock et al., 2013

• Orally administered CBD was effective at preventing hyperalgesia at 10 mg/kg, 
while oral CBDA was effective at 0.1 mg/kg.

– Rock et al., 2018

• In a rodent model of the seizure disorder Dravet syndrome, CBD reduced seizures 
at 100 mg/kg, while CBDA was effective at 10 mg/kg.

– Anderson et al., 2019
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