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Evolutionary biology of the endocannabinoid system 
For a clinical conference… why is this important?

ECS biology explains the multifaceted therapeutic actions 
of cannabis  

Notebook of Charles Darwin



Learning objectives 

Introduction to the endocannabinoid system 
through a lens of evolutionary biology

Recognize not just the complexity of the ECS, but the robustness it 
imparts to human homeostasis and physiological resilience. 

Recognize the evolutionary origins of CB1 and 
CB2 receptors in chordate animals (vertebrates)

Phylogeny = the 
interrelated tree of lifeComparative = research investigating 

the ECS across diverse species 



• CB1 and CB2 were 
discovered in search for 
target of cannabis (THC)

• CB1 regulates neuronal 
activity and CB2 regulates 
immune cells in similar ways

• Dampen electrical excitability 
and release of signaling 
molecules  

• CB1 - neurotransmitters

• CB2 - cytokines & others 

• THC pharmacology is 
remarkably similar to eCBs

Fundamentals: cannabinoid receptors

CB1

CB2

adapted from M. Schubert -
Wikimedia Commons



Neuron 1

Neuron 2

Glutamate (+)

eCBs Local, membrane derived signaling molecules

Generated throughout the body 
Possibly all tissue types 

Also circulate as hormones 

Endocannabinoid tone

Regulator of neuronal synapses 

Endocannabinoids are 
master regulators of 
human physiology 



They target many 
receptors!

CB family
TRP family

PPAR family

• Endocannabinoids are lipids 

“anandamide”

“2-AG”

Derived from membrane 
bilayers “on demand”

Enzymatic remodeling of 
phospholipids

Image modified from Silverthorn, D. (2013)



Neuron 1

Neuron 2

eCBs

Endocannabinoids 

PHYTECS, 2017



Neuron 1

Neuron 2

eCBs

Endocannabinoids 

G.Gerdeman, 1997



Endocannabinoids are tuners of 
the mammalian brain.

2-AG



How’d it all get that way? 



Hille, 2001

Vertebrates



Hille, 2001

VertebratesWhat makes us special?

Vertebrate innovations: 

Neural crest tissues 

Extraordinary complex 
head and brain 

Spinal locomotion

Adaptive immune system

Internal skeletal system 

CB cannabinoid receptors



Where did the ECS come from? 
What living organisms possess an ECS? 

Protostomes

Yes, they do!



Not funny

Image: Predrag Petković

http://www.flickr.com/photos/devil_macro/5750754670/


CB1/2 receptors are not
the whole ECS. 
Insect visual transduction 

2-AG (and other MAGs) activate TRP 
phototransduction ion channels… how 
their retinas work! 

Nematode C. elegans
AEA mediates effect of diet on 
lifespan
(Lucanic, et al. 2011)

Mobilization of cholesterol to 
regulate metabolism. Inhibit 
dauer state formation
(Galles, et al. 2018)

Medicinal leech
Synaptic plasticity and nociception. (Brian 
Burrell, USD)
- mediated by TRPV1 homolog

- gate control theory of pain



High prevalence of cannabis use among Aka foragers of the Congo Basin and its possible relationship to helminthiasis
Roulette, C. et al (2015) American Journal of Human Biology 

Host- and Helminth-Derived Endocannabinoids That Have 
Effects on Host Immunity Are Generated during Infection
Batugedara, H. et al (2018) Infection and Immunity

“smoke to increase their courage on a 
hunt, dance better, increase their vital 
force, or to increase their work 
capacity” (Hewlett, 1977, p. 10).

Cannabis use in 70% of males 

Negative correlation to helminth 
burden and 1-year reinfection rates 
after treatment (Roulette, 2015)

“these foragers are characterized by 
a preference for forest life, polyphonic 
music, an association with farmer 
populations, and are generally 
peaceful and egalitarian with marked 
gender equality.” 

Hewlett BS, editor. 2014. Hunter-gatherers of 
the Congo basin: cultures, histories and biology 
of African Pygmies.

Relevance to humans… 



A. CB1 and CB2 receptors are not the entire ECS. 

B. Invertebrates not only have endocannabinoids; are key regulators in 
them, too!

C. Studying diverse species is showing us that many, many different 
adaptive functions are accomplished by endocannabinoids and their 
receptors. 

D. In the long processes of evolution through natural selection, 
endocannabinoid signaling has been a key part of the evolutionary 
toolkit… the robustness of the ECS makes it useful to solve many 
problems, and thus resilience and survival of the organism(s).  

E. The ECS is an evolved mechanism that contributes to the evolvability of 
species. 

What point am I trying to make? 



eCB targets are numerous 
and redundant. 

eCB signaling pathways are 
degenerate… different 
pathways leading to 
common outcome 
(pleiotropy). 

ECS is highly regulated and 
mediates many levels of 
feedback at cell and systems 
level.  

Hypothesis: 
Biological robustness of the 
ECS is a key molecular 
contributor to the evolvability
of animal life on Earth.    

Bedsa, et al (2014) Journal of Alzheimer's disease

The role of endocannabinoid signaling in the molecular 
mechanisms of neurodegeneration in Alzheimer's disease

Stuff we know from comparative studies on the ECS





Controls

Anandamide 
(64ug/mL)

Cannabis and Cannabinoid Research, 2019

No effect on growth

Significantly inhibited 
quorum sensing gene 
pathways, biofilm 
markers and motility



Vertebrates

CB1/2 receptors regulate all the 
“chordate innovations” 

• Massive complex brains
• Peripheral nervous system
• Adaptive immunity
• Vertebrate bones

CB1 expression in mouse brain



Vertebrates

Lancelets

Amphioxus
Branchiostoma
Cephalochordata

Meet the invertebrate chordates…

Sea squirts

Ascidians 
Tunicates 
Urochordata



Single CB receptor homologue in each

CiCBR - Ciona intestinalis CB receptor

BfCBR - Branchiostoma floridae

(Dr. Maurice Elphick, QMUL)



Found CiCBR expression throughout the 
adult nervous system of the Ciona sea 
squirt

CB1-like expression pattern

Did the CB receptors regulate 
neurotransmission from the very 
beginning? 



What about the tadpole larvae?

Gerdeman lab at Eckerd College 
investigated! (Julia Meyers thesis)

In younger larvae, apparent CiCBR 
immunolabeling of nervous system 
structures (like the adult!)

Ciona sea squirt



Also saw evidence for CiCBR in juvenile 
(functioning) gut, and possible hemocyte 
immune cells

CB2 like? 

Ciona sea squirt

Older larvae showed CiCBR expressing 
in the “gut primordium”

(Josh Bennett thesis, Eckerd College)



evolution.Berkeley.edu

Comparative biology of ECS in vertebrates
CB1 receptor snapshots by species 

Lamprey
Spinal cord locomotion

Teleost fish 
Forebrain 
Reproduction 

GnRH neurons 
Sex reversal 

CB1 gene duplication

Amphibians
Widespread 

Sensorimotor control
Reproduction
Amygdaloid nucleus

Birds
Dense throughout CNS
Forebrain - basal ganglia

Key function in song 
learning

http://evolution.Berkeley.edu


• Runner’s high and adaptive traits of a more mobile lifestyle 
• Evolution of higher mobility —> faster brain processing demands

• Exercise triggers ECS 
signaling 

• ECS signaling linked to 
BDNF and neurogenesis

• Hominid evolution involved 
greater mobility and 
increasing brain sizes

Raichlen and Alexander (2017) Adaptive 
capacity: an evolutionary neuroscience 
model linking exercise, cognition, and 
brain health. Trends in Neurosciences

Humans:  the ECS as master regulator



How did an evolving brain utilize the master adaptors, the 
endocannabinoids? 

Major regulation of immunity, metabolism, all levels of physiological 
stress responses

• Filtering stress-evoking 
stimuli (perception)

• Orchestrating the 
termination of stress 
responses 

• Encoding recovery of 
stress into long term 
resilience to stress

Hillard, C (2018) Neuropsychopharmacology REVIEWS. 43, 155-172



FAAH loss-of-function in mice: 
• Hypoalgesia 
• Reduced anxiety 
• Enhanced fear extinction memory
• Accelerated skin wound healing

• Short term memory deficits 

FAAH hypomorphic SNPs in humans: 
• Reduced postoperative analgesia
• Decreased anxiety and PTSD 

• Increased nausea and vomiting 
induced by opioids

FAAH and CNR1 endophenotypes tell us a lot!

FAAH

Ethanolamine  +  Arachidonic 
acid



FAAH loss-of-function in mice: 
• Hypoalgesia 
• Reduced anxiety 
• Enhanced fear extinction memory
• Accelerated skin wound healing

• Short term memory deficits 

Habib, et al (2019) British Journal of Anaesthesia 

FAAH hypomorphic SNPs in humans: 
• Reduced postoperative analgesia
• Decreased anxiety and PTSD 

• Increased nausea and vomiting 
induced by opioids

The ECS continues to teach us not only about the scope of therapeutic potential 
for cannabinoid medicines, but also about the nature of our own biology… 
including newly discovered genomic mechanisms for phenotypic diversity. 

FAAH and CNR1 endophenotypes tell us a lot!



From the evolutionary biology of the ECS to the evolvability of 
biological systems

• Elements of the ECS are conserved across diverse animal groups from 
hydroids to humans. 

• Endocannabinoid signaling pathways are much more robust than just CB1 and 
CB2 receptors. 

• The evolutionary appearance of CB1/2 receptor 
genes occurred at the emergence of 
invertebrate chordates. 

• This may have been a key molecular tool in the 
evolvability of “vertebrate innovations”
• Complex brains and neural crest tissues
• Adaptive immunity 
• Skeletal systems 

Intrinsic and conserved features of the ECS lend 
to a biological robustness that underlies adaptive 
features of physiology (homeostasis)… and has 
been selected for over and over again across 

evolutionary time. 



Comparative research in invertebrate model 
systems can inform biomedical innovation, 
including the utility and potential adverse 
effects of cannabis and ECS targeted drugs. 

An evolutionary perspective should inform 
the tone with which we address clinical 
care. 

I do not believe that every single use of 
cannabis is therapeutic or that every habit or 
pattern of cannabis use is adaptive.

Through the ECS, the science of cannabis teaches us more about 
the biology of who we are and what it means to be healthy. 

What is the value of such an expansive view? 

What I have learned from healers and 
research on healing is that our 

perspectives matter.



…the capacity of a biological system 
to respond to a perturbation or 
disturbance by resisting damage and 
recovering quickly



Thank You! 

gg@drgerdeman.com
glgerdeman@gmail.com

gg@drgerdeman.com

mailto:gg@drgerdeman.com

