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A few definitions…

 Cannabis: plant material, cannabis sativa, 

cannabis indica, hemp, marijuana

 Cannabinoid: group of active compounds

found in cannabis (e.g., THC, CBD, CBG, etc)

 Endocannabinoid system: includes 

receptors (CB1, CB2), 2-AG, Anandamide, 

G-Protein receptor
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Cannabis sativa

Marijuana (dried leaves / flowering heads)

Isolated pure compounds

Non-cannabinoids Cannabinoids

Psychoactive

Δ9-THC

Δ8-THC

cannabinol (weak)

Active, not

psychoactive
Inactive
> 80

compounds

> 400 chemical 

compounds

> 70 types of 

cannabinoids

Most potent 

psychoactive 

ingredient

Cannabis: What’s in it?

Kalant H. Pain Res Manage 2001;6:80-91
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Diagram of Neuron with Synapse

Individual nerve cells, or neurons, both send and receive cellular signals to and from 

neighbouring neurons, but for the purposes of the previous diagram, only one activity is indicated 

for each cell.  Neurotransmitter molecules are released from the neuron terminal and move across 

the gap between the ‘sending’ and ‘receiving’ neurons.  A signal is transmitted to the receiving 

neuron when the neurotransmitters have bound to the receptor on its surface.

From: Marijuana and Medicine: Assessing the Science Base, IOM 19997/16/2022 33



1) Neurotransmitter (NT) released 
from vesicles within the 
presynaptic neuron activates the 
postsynaptic neuron

2) Activation of postsynaptic neuron
leads to synthesis and release of
endocannabinoid

3) The endogenous CB1 ligand 
diffuses back to and binds to the 
presynaptic CB1 receptor

4) The CB1 receptor activates 
a G-protein, which lead to
presynaptic events that result in 
inhibition of NT release

5) Exogenous drugs directly activate 
CB1 receptors to stimulate the 
endogenous cannabinoid system, 
enhancing its function

5

1

2

4
3

Cannabinoid Theory

Cappendijk S Modulators of Drug Dependence Phenomena 2010

Mackie K Ann Rev Pharmacol Toxicol 2006,46:101-122
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Difference Between Classical

and Retrograde Neurotransmission
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Endocannabinoids

 Immune function

 Inflammation

 Appetite

 Metabolism and energy 

homeostasis

 Cardiovascular function

 Digestion

 Bone development and 

bone density

 Pain

 Reproduction

 Psychiatric disease

 Psychomotor behavior 

 Memory

 Wake/sleep cycles

 Regulation of stress and 

emotional state

 Learning

Evidence supports the role of endocannabinoids in:
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The Human Endocannabinoid System

CBD, CBN and THC fit like a lock and key into existing

human receptors. These receptors are part of the

endocannabinoid system which impact physiological

processes aff ecting pain modulation, memory,and appet ite

plus anti-inf lammatory eff ects and other immune system

responses.

The endocannabinoid system comprises two types of

receptors, CB1 and CB2, which serve distinct functions in

human healt h and well-being.

Tetrahydrocannabi nol

Cannabidiol

Cannabinol

CB1 receptors

are primarily f ound

in the brain and

central nervous

system, and to a

lesser extent in

other tissues.

CBD does not d irectly "f it "

CB1 or CB 2 receptors but 

has powerful ind irect

effects still being

studied.

CB2 receptors are mostly

in the perepheral organs

especially cells associated

with the immune system.

Receptors are found
on eel I surfaces
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Distribution of CB1 & CB2 receptors

CB2

immunologic cells 
(modulation cell 
migration) 

microglia (possible role 
in Alzheimer’s?)

CB1
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DA:  reward and 
motivation

Glu: learning and 
memory

GABA: inhibition of 
neuronal activity

Cannabis effect on reward pathway
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Endocannabinoid
 ”28yrs after discovering THC, in 1992, Dr. 

Mechoulam, Dr. William Devane and Dr. 

Lumir Hanus, identified the brain's first 

endogenous cannabinoid (or 

endocannabinoid) – (the brain's natural THC) 

-which they called ‘Anandamide,' from the 

Sanskrit word 'ananda,' (means 'eternal bliss' 

or 'supreme joy).

 ECS is a group of neuromodulatory lipids and their 

receptors in the brain that are involved in a variety 

of physiological processes including appetite, pain-

sensation, mood, and memory; 

 It mediates the psychoactive effects of cannabis

 Vigorous exercise stimulates the release of 

anandamide, and the sense of euphoric well-being 

that comes with a healthy workout
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Physiological Effects of Endocannabinoids
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Cannabinoid Receptors
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Location of Cannabinoid Receptors
Location Structure Function

CB1 receptors

CNS Hippocampus Memory storage

Cerebellum Coordination of motor function, posture, balance

Basal ganglia Movement control

Hypothalamus Thermal regulation, neuroendocrine release, appetite

Spinal cord Nociception

Cerebral cortex Emesis

Periphery Lymphoid organs Cell-mediated and innate immunity

Vascular smooth muscle cells Control of blood pressure

Duodenum, ileum, myenteric plexus Control of emesis

Lung smooth muscle cells Bronchodilation

Eye ciliary body Intraocular pressure

CB2 receptors

Periphery Lymphoid tissue Cell-mediated and innate immunity

Peripheral nerve terminals Peripheral nervous system

Retina Intraocular pressure

CNS Cerebellar granule cells mRNA Coordination of motor function

Croxford, JL.  CNS Drugs 2003; 17(3)7/16/2022 43



Endocannabinoid system (ECS): Overview

Gelfand EV, Cannon CP. J Am Coll Cardiol. 2006;47:1919-26.

Pagotto U et al. Ann Med. 2005;37:270-5.

Endocannabinoid 

• Produced on demand

• Act locally

• Inactivated rapidly

• Bind to transmembrane G-protein receptors,
principally inhibiting neurotransmitter release

Cannabinoid receptor type 1 (CB1)
Cannabinoid receptor type 2 

(CB2)
Cannabinoid receptor type 1 

(CB1)

Immune cellsMost widespread CB receptor 

(brain, spinal cord; peripheral 
nervous system, organs, tissues)
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Implications of CB1 receptor activation

Central nervous system Peripheral tissue

↑Appetite ↑Motivation 
to eat/smoke

Gelfand EV, Cannon CP. J Am Coll Cardiol. 2006;47:1919-26.

Pagotto U et al. Ann Med. 2005;37:270-5.

↑Lipogenesis
Altered glucose metabolism

Adipose tissue

Liver GI tract

Skeletal muscle

Hypothalamus Limbic 
system
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CB1 knock-out mice

• CB1 cannabinoid receptor knockout in mice leads to 
leanness, resistance to diet-induced obesity and 
enhanced leptin sensitivity. CB1 knock-out mice are healthy and live into 

adulthood [Int. J. Obes. Relat. Metab. Disord. 28 (4): 640–8]. 

• Compared to wildtype, CB1 knock-out mice exhibit 
severe deficits in motor learning, memory retrieval, 
and increased difficulty in completing the Morris 
water maze.[5][53][54]

• There is also evidence indicating that these knockout 
animals have an increased incidence and severity of 
stroke and seizure.
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Endocannabinoids & neuroprotection
• Anandamide (arachidonoyl-ethanolamide) and 2-

arachidonoyl glycerol (2-AG). 

• Both anandamide and 2-AG bind to the cannabinoid 
receptors CB1 (present principally in the central nervous 
system and to a lesser extent in the peripheral nervous 
system) and CB2 (present almost exclusively in the 
peripheral nervous system). 

• These receptors are activated by THC, accounting for the 
effects of cannabis on the nervous system. 

• A nonpsychotropic constituent of cannabis, cannabidiol, 
effectively treats major seizures in animals, and HU-211 
(Dexanabinol®)  is neuroprotective during brain trauma.

• Paradoxically, neither cannabidiol nor HU-211 binds to CB1

or CB2 receptors.
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https://www.nature.com/collecti
ons/hccdeebaid
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the link to Charlottes web video is www.theroc.us. 7/16/2022 50

http://www.theroc.us/

