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The Endocannabinoid System (ECS) Begins with History

Part 1. Physiology_ECS Components, Mechanisms
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Part 1 The ECS is the Master Regulator in the Body

THE ENDOCANNABINOID AND BODY SYSTEMS

THE OUTLINES OF THE ENDOCANNABINOID EMERGED DURING THE 1960s AND 70s, FROM RESEARCH INTO THE EFFECTS OF CANNAEBIS ON THE HUMAN BODY.
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The endocannabinoid system (ECS) is an
important brain modulatory network. ECS
regulates brain homeostasis throughout
development, from progenitor fate decision to
neuro- and gliogenesis, synaptogenesis, brain
plasticity and circuit repair, up to learning,
memory, fear, protection, and death. It is a major
player in the hypothalamic-peripheral system-
adipose tissue in the regulation of food intake,
energy storage, nutritional status, and adipose
tissue mass, consequently affecting obesity.
Loss of ECS control might affect mood disorders
(anxiety, hyperactivity, psychosis, and
depression), lead to drug abuse, and impact
neurodegenerative (Alzheimer’s, Parkinson,
Huntington, Multiple, and Amyotrophic Lateral
Sclerosis) and neurodevelopmental (autism
spectrum) disorders. Practice of regular physical
and/or mind-body mindfulness and meditative
activities have been shown to modulate
endocannabinoid (eCB) levels, in addition to
other players as brain-derived neurotrophic factor
(BDNF). ECS is involved in pain, inflammation,
metabolic and cardiovascular dysfunctions,
general immune responses (asthma, allergy, and
arthritis) and tumor expansion, both/either in the
brain and/or in the periphery.



Part 1: The ECS has Receptors + Endocannabinoids + Enzymes

ECS COMPONENTS

Receptors Enzymes
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THE ENDOCANNABINOID SYSTEM

HUMAN CANNABINOID RECEPTORS

CB1 S

Receptors are concentrated in the
brain & the central nervous system
but are also present in some nerves &
organs

CB2

Receptors are mostly in peripheral

organs, especially cells associated
with the immune system

TRPV1

Receptors are concentrated in the
blood, bone marrow, tongue, kidney,
liver, stomach, & ovaries

TRPV2

Receptors are concentrated in the
blood, bone marrow, tongue, kidney,
liver, stomach, & ovaries

GPR 18 8

Receptors can be found primarily in
bone marrow, the spleen and lymph
nodes, and to a lesser extent the
testes

GPR55 B

Receptors are found in bone,

the brain (particularly the
cerebellum), and the jejunum and
ileum

GPR119 B

Receptors are found predominantly in
the pancreas and intestinal tract (in
small amounts)



Part 1: Endocannabinoids Employ Retrograde Synaptic Messaging
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Part 1: Phytocannabinoids are Chemical Proxies for Endocannabinoids

Hexanoyl-CoA = Fatty Acid
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Three Categories:

e Cannabinoids
o Terpenes
e Flavonoids

Entourage Effect:

e Single v. Multi-Molecule
Discussion

Historical Research v.
Future Research Comps:

e Pre 2018 @ USA /

Incinerated, isolates, high
concentrations, high
frequencies

¢ 2023 @ USA / most funded
R&D isolates & in-vivo/vitro

* Patent System Effect re:
Isolate R&D Disappointment

* Future Phytocannabinoid
R&D multi-molecule/

synergistic/selective modalities

* Terpenes not trivial



Part 1: Terpenes

Appear to Matter

Safe

Abundant in Nature,
not in Lab

Cannabis Proxies not
Interchangeable

Don't Play Well with
Artificial Flavors

Highly Unstable - Degrades
In Pressure, Heat, & Light

Synergistic with Endo &
Phyto Cannabinoids

Clinician Modality is Key
-Topical, Sublingual
Preferences

Terpenoid

Limonene

o-Pinene

B-Myrcene
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B-Caryophyllene

Caryophyllene

Oxide

Nerolidol

Phytol

Commonly

Structure Encountered In

Lemon Balm

Pharmacological Activity (reference)

Potent AD/immunostimulant via inhalation

(Komori et al., 1995)
Anxiolytic (Carvalho-Freitas & Costa, 2002; Pultrini Ade et al,
2006) via 5-HT (Komiya et al.,2006)
Apoptosis of breast cancer cells (Vigushin et al, 1998)
Active against acne bacteria (Kim et al, 2008)
Dermatophytes (Sanguinetti et al, 2007; Singh et al., 2010)
Gastro-esophogeal reflux (Harris, 2010)

Anti-inflammatory via PGE-1 (Gil et af, 1990)
Bronchodilatory in humans (Falk et al., 1990)
Acetylcholinesterase inhibitor, aiding memory (Perry et al, 2000)

Blocks inflammation via PGE-2 (Lorenzetti et al, 1991)
Analgesic, antagonized by naloxone (Rao et al, 1990)

Sedating, muscle relaxant, hypnotic (do Vale et al, 2002)
Blocks hepatic carcinogens by aflatoxin (de Oliveira et al, 1997)

Anti anxiety (Russo, 2001)

Sedative on inhalation in mice (Buchbauer et al,, 1993)
Local anesthetic (Re et al, 2000)

Analgesic via adenosine, Aza (Peana et al., 2006)
Anticonvulsant/anti-glutamate (Elisabetsky et al, 1995)

Potent anti-leishmanial (do Soccer et al, 2003)

Al via PGE-1 comparable phenylbutazone (Basile et al,, 1988)
Gastro cytoprotective (Tambe et af, 1996)

Anti-malarial (Campbell et al, 1997)

Selective CB2 agonist (100nM) (Gertsch et al,, 2008)
Treatment of pruritus? (Karsak et al, 2007)

Treatment of addiction? (Xi et al, 2010)

Decreases platelet aggregation (Lin et al, 2003)

Antifungal in onychomycosis comparable to ciclopiroxolamine
& sulconazole (Yang et al., 1999)

Insecticidal/anti-feedant (Bettering et al., 1993)

Sedative (Binet et al, 1972)
Skin penetrant (Cornwell & Barry, 1994)

Potent antimalarial (Lopes et al., 1999, Rodrigues Goulart et al, 2004)

Anti-leishmanial activity Arruda et al,, 2005)

Breakdown product of chlorophyll
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Part 1: Physiology - ECS Components & Mechanisms

- Key Endocannabinoid Clinical Foundational Findings

- ECS Master Regulator vs. Tangential Signaling System (driver, not rider)

: ECS is a 911 Neurotransmitter (onsite support in real time)

. Dysfunctional ECS Hypothesis & Chronic Disease (broken battery, broken car)
* The ECS is Driven by Entourage Effect (synergistic), not Patent Effect (isolates)

- Developments & Research_Early Inclinations

2018 Farm BIll_R&D Emancipation

- These are early days —~400 phytocannabinoids...lots to learn...tech expedites
- Multi-molecule + Dosing + Modality central to R&D of efficacy moving forward

R&D Muscle Memory Dillemma_Funding v. Finding Paradox

- Isolates attract funding, but Multi-molecule research produces findings

KEY TERMS:

* Receptors (GBPCG's:
CB1, CB2, TRPV1[5-
H1A], TRPV2, GPR18,

GPR55, GPR119)

* Endocannabinoids
(Ligands)
- Anandamide (AEA "bliss

molecule”

- 2-arachidonoyl glycerol
(2AG)

- Noladin Ether
- N-Arachidonoy!|
- Virodhamine

- Docosatetraenoy
lethanol-amide

- Lysophosphatidylinositol
- Oleoylethanolamide

* Enzymes (FAAH>AEA,;
MAGL>2AG)

* Phytocannabinoids
(cannabinoids, flavonoids,
terpenes)



What Happens when the ECS breaks?

- Discussion of Stressors & Indications

« ECS impacted by chronic stress, traumatic stress
* ECS dysfunction manifested by chronic disease

- Discussion of Phytocannabinoid Therapy

+ Regulatory Basics

- Hemp is 100% legal because it contains < .3% THC

- Marijuana is regulated because it contains > .3% THC
* |s Hemp Medicine? Nutrient?...depends on dosing...aka Vitamin C...low dose = nutrient
» |solates (patent driven R&D) v. Multi-Molecule (synergistic — patient driven R&D)

- The "Entourage Effect”: nature’s use of a multi-molecule design that must be complete
and natural to be optimal

* Transparency - labels

- Ingredients - allergies (MCT, Aloe, etc)
- Testing: full array (6) & status v. Quantified results

« Synthetic —always isolates & side effects; incompatible with Entourage Effect; strongly discouraged
« Modalities — must be measurable for clinical use

 Dosing — physiological variability/naivete, BMI g's, upregulation window

 Risk Discussion

- Brain stem

- Chemovar profile

- Modality &frequency

- Pediatrics

- Nursing Mothers

- Vocational testing (military, federal jobs, etc.)

- Accessibility (insurance not common but FSA, HSA more common)

» Red flags — artificial molecules, synthetics, proxies, flavors, labeling tricks, test disclosures



Part 2: Case Study - ECS Hypothesis Tested with Long COVID

ECS Clinical Training_Video_Part 1:
https://vimeo.com/952391107/a8287c6d1f

e Endourage studied Long COVID...
but truly initiated study of
ECS Dysfunction in context
of Chronic Disease

Welgle
Covid
Single
System
Thesis:
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List of Published Research with Citations:

Inflammaopharmacology (2023) 31:2807-2817

https://doi.org/10.1007/510787-023-01204-1 Inflammopharmacology
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Long COVID and possible preventive options
Szilvia Seb&k’ - Klara Gyires?(®
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Open Access Review s

Cannabis-based medicinal products (CBMPs) for the treatment of
Long COVID symptoms: current and potential applications

Hannah Thurgur!'” ®, Anne Katrin Schlag! @, Elizabeth Iveson?®, Adele Hosseini®, Michael
Lynskey!®, David J. Nutt'*

ECS Clinical Training_Video_Part 2:
https://vimeo.com/952392218/cf2cTcebea
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International Journal of

Molecular Sciences ﬁ;l\D\ljJ

Review

Possible Role of Cannabis in the Management of
Neuroinflammation in Patients with Post-COVID Condition

1t 2,t

Noemi Cardenas-Rodriguez , Ivan Ignacio-Mejia , Jose Correa-Basurto 3"/, Humberto Carrasco-Vargas 4,
Marco Antonio Vargas-Hernandez (2, Exal Manuel Albores-Méndez °, Rodolfo David Mayen-Quinto 6
Reynita De La Paz-Valente 7 and Cindy Bandala 7o

Clinical Science (2023) 137 633-643 a

https=//doi.org/10.1042/CS20220193 .. .. EF?EHSELAND

Review Article

Antiviral activities of hemp cannabinoids

' Richard B. van Breemen and Daniel Simchuk

Department of Pharmaceutical Sciences, College of Pharmacy, Linus Pauling Institute, Global Hemp Innovation Center, Oregon State University, 2900 SW Campus Drive, Corvallis,
OR 97331, USA.

Correspondence: Richard B. van Breemen (richard vanbreemen@oreqonstate.edu)
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Part 3: Chronic Disease - Presentations of ECS Dysfunction
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Part 3: Chronic Disease - Presentations of ECS Dysfunction

e PACS Triggered Inflammation &
the ECS: Implications

NEUROINFLAMMATION
Post COVID Condition

CANNABIS COMPOUNDS

Improve neurological symptoms
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Part 3: Chronic Disease - Presentations of ECS Dysfunction
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Part 3: Chronic Disease - Presentations of ECS Dysfunction

* Inflammatory Disease & the ECS: GPIOIDD 5, co
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CB2-CXCR4

CB2-HER?
= activation
msef] inhibition

TRPV1

GPR55

CB2

CB1

s activation

FABP HSP70s

«— colocalization or regulation

—— main paths of eCBs

e Cancer Disease & the ECS: Implications

presynaptic

Part 3: Chronic Disease - Presentations of ECS Dysfunction

postsynaptic



Part 3: Chronic Disease - Presentations of ECS Dysfunction

o Stress & the ECS: Implications

The stressed PVN: The stressed BLA:

* CORT mediated eCB synthesis * Enhanced DSI| and iLTD and CBT
inhibits glutamate release desensitization after chronic stress

* Fast feedback inhibition of HPA * CORT-mediated supression of GABA
axis by CORT is CB1R dependent release via sustained activation of

* Blunted DSI and DSE after chronic 2-AG signaling
stress via functional CB1 desensitization * Enhanced glutamate release due to

impaired AEA signaling

Il

PVN @ ,©
| BLA T2 AG o 8  LAEA
ot N 4 TDSI/LTD| ==
lDSI ¢MAGL
i % < BB - é TFAAH
Sl @ v
o © TCORT ° TCORT
@ @ Q

PVN - Paraventricular Nucleus of the Hypothalamus
BLA - Basolateral Amygdala; a key brain reward region

that also regulates stress responses
CORT - Corticosterone ® Glutamate m CB,R WI‘[ Desensitized CB, R ”"l" GR __::- ) Impaired presynaptic regulation
DSE - Depolarization-Induced Suppression of Excitation ® GABA

DS1 - Depolarization-Induced Suppression of Inhibition ™ Chronic stress




Part 3: Chronic Disease - Presentations of ECS Dysfunction
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Part 3: Chronic Disease - Presentations of ECS Dysfunction
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e Obesity & the ECS: Implications
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Part 3: Chronic Disease - Presentations of ECS Dysfunction
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e Pain & the ECS: Implications

B An official website of the United States government Here's how you know
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National Center for Biotechnology Information
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» Pain. 2024 May 2. doi: 10.1097/.pain.0000000000003265. Online ahead of print.

Terpenes from Cannabis sativa induce
antinociception in a mouse model of chronic
neuropathic pain via activation of adenosine A2A
receptors

Abigail M Schwarz 7, Attila Keresztes 7, Thai Bui 7, Ryan Hecksel 1, Adrian Pefia 1, Brianna Lent 7,
Zhan-Guo Gao 2, Martin Gamez-Rivera 1, Caleb A Seekins 1, Kerry Chou 7, Taylor L Appel 7,
Kenneth A Jacobson 2, Fahad A Al-Obeidi 7, John M Streicher ' 3

Affiliations + expand
PMID: 38709489 DOI: 10,1097/j.pain.0000000000003265

I"'I . ﬂ i ‘ _ '.l ® S f I T M H- 6
Results: Tyr- > <N £ NERY
+ Relieved Neuropathic Pain 326 VN e S i e W Terpenoids q
‘ 0 55 8 e ] TMH-5

+ Relieved Inflammatory Pain

« Enhanced Morphine Antinociception in CIPN

» Comparable Antinociceptive Tolerance to
Morphine in CIPN

» Limited Bioavailablity via Oral & Inhaled Modalities

- Terpenes are Adenosine A2A Receptor Agonists

- Terpenes May Have Anti-Inflammatory MoAs




Part 4: Clinical Observations - Anecdotal & Adjuvant Implications

e Starting with ECS Dysfunction First...

e Targeting Chronic Inflammation Second... Mlcmgha activation ECS
ECS L1p \
TNFa & —
* May Attenuate These Conditions Third... [ No/ROS s
Drug » (’_f) DGES ehaviors
- Hendaches dbarisa “ Rea twe astrocyte - Arodety
_ ECS \_ Gliotransmitters @,': ) é:
- Diabetes ~N ATP/AD ool
- ME/CFS Stress \ Eyrakines Neurological and
- PTSD ? " Neurodegenerative
- Inflammatory Disease J . Diseff’es =
» Arthritis ObeS|ty ChI‘OI‘lIC |nf|ammat0n @‘}j

- Rheumatoid Arthritis (RA)
- Inflammatory Bowel
Disease (IBS)

- Alzheimer's Disease

- Huntington's Disease

- Multiple Sclerosis

- Parkinson'’s Disease ECS

- Traumatic Brain Injuries (THC studies)

- Others...
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ECS

Aging
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Improved telomerase activity with

positive psychological change
(Jacobs et al., 2011)

Analgesic effect through \ J ‘_ ‘ Improved motor function

endogenous opioid pathways & mobility in PD patients

(Sharon et al., 2016) (Kwok et al., 2019)
Meditation-induced anandamide,
2-AG, 1-AG, DEA, & BDNF release

(Sadhasivam et al., 2020)
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SYMPTOM/PRODUCT REFERENGE CHART

*Clients with chronic symptoms can use the subscription
option with a corresponding discount
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