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Endocannabinoid System Targets
• CB1 : orthosteric/allosteric agonist, antagonist, modulator
• CB2: same
• TRPV1 agonists/desensitizers
• AEA
• 2-AG
• FAAH-inhibitors
•MAGL-inhibitors
• THC/CBD mimics
• Adaptogens
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Salvia divinorum:
(Russo, Parker, Ben Shabat, ICRS 2002)
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no activity at CB1---
but the leaf extract did!
(Russo, Parker, Ben Shabat, 2002)



Salvia divinorum: Postscript
• Six weeks later, salvinorin A was 

identified as a specific К-opioid 
agonist (Roth 2002).

• Our investigation stopped.
• Is there still a relationship?
• Capasso 2008 confirmed low affinity 

for CB1 and no effect on EC 
degradation. 

• Fichna 2009 showed salvinorin A 
interacted with a CB1/КOP 
heterodimer

• Watch this space!Roth BL, et al. Salvinorin A: a potent naturally occurring nonnitrogenous kappa 
opioid selective agonist. PNAS 2002;99:11934-9.



Daucus carota, Carrot & Falcarinol
• Falcarinol (aka carotatoxin) is a 

natural pesticide/fungicide
• Found in carrots in concentration 

of 2 mg/kg
• Covalently binds CB1 (Ki=594 nM), 

acting as inverse agonist, and 
blocking AEA in keratinocytes, 
producing contact dermatitis in 
presence of histamine (Leonti
2010).

Falcarinol

EBR



Piper methysticum Forster (kava-kava)

• A cultivated South Seas species
• Employed ritually as convivial 

beverage of relaxation
• Active ingredients are water 

insoluble kavalactones
(kavapyrones)

• Preparations made from dried 
rhizomes extracted in water, with 
or without ethanol or acetone

• Clinical studies primarily with 
standardized WS 1490 (Kava-Pro®)

10
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The “mystic pepper”



Kavalactone effects (3-20% of dried rhizome)
•Anti-anxiety with little sedation
•Decrease limbic excitability
•Muscle relaxant/anticonvulsant 
•Analgesic
• Local anesthetic 
• T1/2 1.5-several hours
•Yangonin considered key

component
Yangonin





kavain GABAB receptor, GABAA receptor, NE uptake, DA uptake, 
5-HT level, PGE2 /TXA2 formation inhibition, COX inhibition,
voltage-gated Na+ channels

7,8-dihydrokavain GABAB receptor, GABAA receptor, DA uptake, 5-HT level,
voltage-gated Na+ channels, COX inhibition, MAO-B inhibition

yangonin GABAB receptor, GABAA receptor, DA level, COX inhibition,
MAO-B inhibition

desmethoxyyangonin GABAB receptor, DA level, 5-HT level, COX inhibition,
MAO-B inhibition

methysticin GABAB receptor, GABAA receptor, NE uptake, COX inhibition,
MAO-B inhibition

7,8-dihydromethysticin GABAB receptor, GABAA receptor, 5-HT level,
voltage-gated Na+ channels, COX inhibition, MAO-B inhibition

kavalactone-rich extract GABAA receptor, DA level, D2 receptor, opioid receptors,
5-HT7 receptors

Reported pharmacological targets of kavalactones

Character size indicates level of activity:
<1 µM;     1–100 µM;     100–500 µM;     low but measurable effect



Binding of kavalactones to human recombinant CB1 receptors
displacement of [3H]CP 55,940 binding

compound Ki
µM

Displacement at 
10 µM (%)

7,8-dihydrokavain >10 23.6

D,L-kavain >10 14.1

7,8-dihydromethysticin >10 20.1

methysticin >10 29.1

yangonin 0.72 ±0,21 65.4
(98.4% at 25 µM)    

D9-THC 0.041 not tested

However, no binding to CB2



Yangonin, Additional Notes
• It is yet to be established whether 

yangonin is an agonist or 
antagonist at CB1.

• Yangonin is a COX-2 inhibitor at 
high doses, 34% displacement at 
387 µM (Wu 2002)

• When kava is taken in traditional 
fashion, 250-1250 mg of yangonin 
might be ingested, enough to be 
psychopharmacologically relevant 
(Ligresti 2014).

EBR



Radula spp., liverwort

A Bioassay (“Trip”) Report:

Back in 1993, some Japanese doods came to New Zealand to study the chemistry of liverworts. There was suspected to be a THC 
isomer in some plants. So anyway, they did their TLC/GC tests, and they found that Radula Marginata contained Perrottetinene, which 
they suspected to be a cannabinoid based on it's similarity to THC. Comparing the two molecules, the only difference is that there's a 
benzyl group on the tail of Perrottetinene. So you'd assume they'd be similar. I'm no chemistry major, but I do know that this tail would 
make Perrottetinene very much more non-polar. Whether or not this affects it getting across the BBB, I don't know. So I found the 
liverwort, and collected some samples.
Bioassay #1  170mg of Radula marginata weighed out. Smoked all the material, no overt effects at t = 8.33pm. Heart rate is normal. 
Possible threshold effects, although could just be from smoke inhalation.  t = 8:37pm  Slight headbuzz.   t = 8:42pm  Still have a slight 
headbuzz.  t= 8:53pm.  I feel quite good, and there's a definite slight headbuzz.  t = 9:02pm  Apart from the taste of dirt in my mouth, I 
feel pretty normal. 
For bioassay #2, I extracted 4g of dried Radula Marginata with acetone. I evapped this down to a sticky residue in a petri dish. I scraped 
this with a razor, and put it onto gauze and smoked it through a buckey. I got approximately 10 hits. Bioassay #2  Smoked the resin 
from an acetone extraction of 4g dried material. Initially, I didn't feel anything. At approximately 10-15 minutes in, I notice a light 
headbuzz, very light. Perhaps this extraction was unsuccesful. I feel a small amount of head pressure as well. I feel quite relaxed and 
calm now, and I feel a very slight buzz still. I went inside about 20 minutes after smoking this resin, but there was no difficulty in doing 
so. I have a rather decent cannabinoid tolerance, but this shouldn't have affected this test. Basically I didn't get anything major from 
this second bioassay.
So, in conclusion, more work needs to be done. For one, we now know that Radula Marginata is not active without an extraction, and 
even with extraction, it may not be active anyway. I will follow this up with a few more bioassays of plain material (dried further), and 
I'll try another extraction with another solvent. The original guys used diethyl ether as their solvent for a yield of 22mg~ Perrottetinene
from 4g of dried material, but I don't have access to ether.
http://www.tripme.co.nz/forums/showthread.php?1943-Radula-Marginata-(Perrottetinene)

Perrottetinenic acid
From Radula marginata, New Zealand liverwort
Toyota M,  et al. New bibenzyl cannabinoid from the New Zealand liverwort Radula 
marginata. Chemical & Pharmaceutical Bulletin 2002;50:1390-2.

http://www.bluelight.org/vb/threads/642032-Radula-marginata-Inexperienced-Leapin-LiverwortsPerrottetinene
from Radula perrottetii, Japanese liverwort
Toyota M, et al. Bibenzyl cannabinoid and bisbibenzyl derivative from 
the liverwort Radula perrottetii. Phytochemistry 1994;37:859-62.

New Zealand liverwort (EBR)

http://www.tripme.co.nz/forums/showthread.php?1943-Radula-Marginata-(Perrottetinene)
http://www.bluelight.org/vb/threads/642032-Radula-marginata-Inexperienced-Leapin-Liverworts


Radula marginata in Captivity

• Rua Biosciences, a 
Maori-led company 
in New Zealand is 
researching possible 
cultivation of the 
plant

EBR



Cannabidiol
• Isolated 1940 (Adams), but identified 

positively in 1963 (Mechoulam & Shvo)
• Works as a negative allosteric modulator on 

CB1 (Laprairie 2015)
• Neuroprotective AO, strongly inhibits 

glutamate excitotoxicity, also anti-oxidant > 
Vitamins C and E (Hampson et al. 1998)

• Now known to be a TRPV1 agonist 
with EC50 3.2-3.5 µM (Bisogno et al. 
2001)

• Displays agonistic activity at 5-HT1A receptor 
(Russo-Parker 2005), possible basis for 
observed anxiolysis (Resstel 2009; Soares 
2010), CVA reduction (Mishima 2005), nausea 
(Limebeer 2009), & improvement of cognition 
in hepatic encephalopathy (Magen 2009).

• Inhibits uptake of the AEA, and weakly inhibits 
its hydrolysis (Bisogno et al. 2001)
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cannabidiol

G5 CBD trichomes
Photo DJP





•Easily desensitized by 
ligands, thus leading to 
paradoxical effects

Capsaicin
(or RTX
or CBD)

TRPV1  (Ionotropic Cannabinoid) Receptor

Similar distribution to CB1
•DRGs, spinal cord
•Brain nociceptive areas
•Hippocampus, PFC

CA A
A N Ca2+

Polymodal 
activation

noxious heat
protons

± ethanol

Anandamide
NADA

endovanilloids
•Involved in neuropathic and inflammatory pain, itch,vascular tone, 
excitotoxicity, motor disturbances, incontinence, cancer, emesis, obesity, 
incontinence, anxiety, memory,etc.

Adapted by EBR: Thanks to Vincenzo Di Marzo for original slide base
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TRPV1 Desensitization
• Excitation of sensory neurons by agonists induces a refractory state wherein 

fibers do not respond to additional agonist challenge or to other stimuli (e.g., 
acid)

• Actual desensitization is a rapid loss of receptor activity in the presence of an 
agonist, attributable to a conformational change in TRPV1 (or even neuronal 
loss), although some attribute this to changes in expression of SP and CGRP 
(Kissin 2011)

• Tachyphylaxis is a diminishing response after repeated administration, reflecting 
a transition from open (active, susceptible) to closed (resistant) state (Szallasi
1999)

• TRPV1 agonists may be pungent (capsaicin) vs. non-pungent (CBD)
• An ideal therapeutic agent would be a ligand that:

1) does not strongly activate TRPV1 acutely to cause pain, but leads to its rapid 
defunctionalization, and  2) has a favorable desensitization/pungency ratio 
(Palazzo 2010)

(Bautista 2010)



CBD Effects on TRPV1
• CBD (Ki=3 μM) proved as 

potent as capsaicin (Ki=2.6 
μM) in binding assays
• CBD (10 μM) also 

desensitized TRPV1 to 
capsaicin activation, thus 
“turning down the heat 
and pain.” (Russo 2011)

Modified from: Bisogno, T et al. (2001) Molecular 
targets for cannabidiol and its synthetic analogues: 
effect on vanilloid VR1 receptors and on the cellular 
uptake and enzymatic hydrolysis of anandamide. Br J 
Pharmacol 134(4): 845-852.



Future Applications of CBD and TRPV1 Desensitizers
• Neuropathic pain (causalgia, CRPS) and skin burns
• Irritable bladder, interstitial cystitis, prostatitis
• Chronic pelvic pain, vulvodynia/dyspareunia
• Fibromyalgia
• Inflammatory bowel disease, and irritable bowel syndrome
• Pancreatic pain (e.g., pancreatitis, cancer)
• Atopic dermatitis and pruritus
• Anxiety treatment?
• Treatment of cannabinoid hyperemesis syndrome (CHS)



Cannabigerol (CBG)
• Identified/synthesized (Gaoni-Mechoulam 1964) 
• GABA uptake inhibitor > THC or CBD (Banerjee et al. 1975)
• Modest antifungal activity (ElSohly 1982)
• Antidepressant in tail suspension model (Musty-Deyo 2006)
• Anti-hypertensive (Maor 2006)
• Next most effective phytocannabinoid vs. breast cancer after 

CBD (Ligresti 2006)
• Inhibits keratinocyte proliferation, of potential use in 

psoriasis (Wilkinson 2007)
• Powerful activity against MRSA (MIC 0.5-2 μg/ml) 

(Appendino 2008)
• Potent α-2 adrenoreceptor agonist (for pain, ?↓reuptake) 

and less potent 5-HT1A antagonist (antidepressant?) (Cascio 
2010)

• Strong AEA reuptake inhibitor (De Petrocellis 2010)
• TRPM8 antagonist (De Petrocellis 2010) for application in 

prostate cancer
• CBG-only cultivar available (de Meijer 2005)
• Highly touted by 127 patients for pain, sleep, anxiety et al. 

(Russo et al. 2021)
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Photo EBR, courtesy of GWP



Russo, E. B., Cuttler, C., Cooper, Z. D., Stueber, A., Whiteley, V. L., & Sexton, M. 2021. Survey of 
Patients Employing Cannabigerol-Predominant Cannabis Preparations: Perceived Medical Effects, 

Adverse Events, and Withdrawal Symptoms. Cannabis Cannabinoid Res 10(10):1-11.

First study to examine 
systematically the effects 
of cannabigerol (CBG) in 
127 human subjects.
Link: Survey of Patients 
Employing Cannabigerol-
Predominant Cannabis Preparations 
(ethanrusso.org)

https://ethanrusso.org/survey-of-patients-employing-cannabigerol-predominant-cannabis-preparations/


Conditions Treated with Cannabigerol

• 51.2% used CBG 
medically, only 6.3% 
recreational, and 36.2% 
both. 
• Most common conditions: 

anxiety: 51.2%, chronic 
pain 40.9%, depression 
33.1%, insomnia 30.7%.



Efficacy of Cannabigerol vs. Conventional Medicine
Table 4. Comparison of Whether CBG-Predominant Cannabis or Conventional 
Medications are Reported More Effective or Equally Effective 

 
Note: Percentages that share a superscript are not significantly different, while those that have 
different superscripts are significantly different at p < .05 
IBS = Irritable Bowel Syndrome, PMS = Pre-Menstrual Syndrome, PMDD = Pre-Menstrual 
Dysphoric Disorder 

Medical Condition n CBG 
% 

Conventional 
Medication % 

Equivalent 
% 

Chi-Square 
Value 

p-value 

Chronic pain 46 73.9a 13b 13b 34.09 < .001 
Acute pain 19 68.4a 15.8b 15.8b 10.53 .005 
Insomnia/sleep 37 73a 10.8b 16.2b 26.32 < .001 
Migraine/headache 22 59.1a 13.6b 27.3ab 7.18 .03 
Cancer treatment 7 57.1 14.3 28.6 2.00 .37 
Cancer treatment-
related symptoms 

3 66.7 33.3 0 2.00 .37 

Nausea 17 76.55a 5.9b 17.6b 14.59 < .001 
Seizures/epilepsy 3 66.7 0 33.3 2.00 .37 
IBS 17 82.4a 11.8b 5.9b 18.47 < .001 
Crohn’s/colitis 4 75 0 25 3.50 .17 
Multiple Sclerosis 1 100 0 0   
Rheumatoid arthritis 3 66.7 0 33.3 2.00 .37 
Glaucoma 3 33.3 0 66.7 2.00 .37 
Osteoarthritis 6 16.7a 16.7a 66.7b 13.00 .002 
Fibromyalgia 7 85.7 0 14.3 8.86 .01 
Bacterial infection 7 57.1 14.3 28.6 2.00 .37 
Menstrual cramps 6 33.3 16.7 50 1.00 .61 
Endometriosis 3 66.7 33.3 0 2.00 .37 
PMS 5 80 0 20 5.20 .07 
PMDD 1 100 0 0   
Menopausal 3 66.7% 0% 33.3% 2.00 .37 
Autoimmune 
Disease 

9 77.8%a 0%b 22.2%ab 8.67 .01 

Other Inflammation 22 86.4%a 4.5%b 9.1%b 27.91 < .001 
Depression 40 80%a 20%b 20%b 39.20 < .001 
Anxiety 60 78.3%a 11.7%b 10%b 54.70 < .001 
Blood Pressure 8 50% 0% 50% 4.00 .14 

• Majority of conditions were 
“much” or “very much improved.”

• Highest efficacy for CBG vs. other 
cannabis was noted for 
endometriosis (66.7%), 
inflammatory bowel disease (IBD) 
(75%),  and irritable bowel 
syndrome (IBS) (82.4%).

• Conventional medicine was 
considered superior to CBG for no 
condition.



Bohlmann F, Hoffmann E. Cannabigerol-Ahnliche Verbindungen aus
Helichrysum umbraculigerum. Phytochemistry 1979;18:1371-4.
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Found cannabigerolic acid and cannabigerol among 
similar compounds in this southern African species



Russo EB. Taming 
THC: potential 
cannabis synergy 
and 
phytocannabinoid-
terpenoid 
entourage effects. 
Br J Pharmacol 
163(7):1344-64, 
2011

Certain cannabis 
terpenoids are 
analgesic and/or 
anti-inflammatory, 
mood enhancing, and 
modulate THC effects 
producing synergy with 
phytocannabinoids



Giese, M. et al. 2015 Journal of Association of Official 
Analytical Chemists 96(6):1503-1522.

Copyright © 2016 BHC Group, LLC. All rights reserved. Any unauthorized use of 
this document or the images or marks above may violate copyright, trademark, and 
other applicable laws.
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β-Caryophyllene
• Anti-inflammatory via PGE-1 comparable 

potency to phenylbutazone (Basile et al. 
1988); EO with BC content = etodolac and 
indomethacin (Ozturk 2005)

• Gastric cytoprotective (Tambe et al. 1996)
• Selective CB2 full agonist (100 nM) (Gertsch

2008a), suggesting dietary use at 5 mg/kg 
AI (Gertsch 2008b)

• <5 mg/kg po produced AI/analgesic effects in 
wild-type, but not CB2 knockout mice 
(Zimmer 2009) 

• Utility in contact dermatitis (Karsak 2007)
• GRAS FEMA 1965; FDA

beta-caryophyllene

35% of 
essential oil



Essential Oil Sources of β-Caryophyllene

• Cannabis sativa: up to 50% 
• Copaiba spp., Copaiba balsam: 

up to 53.3%
• Piper nigrum, Black pepper: 

up to 35%
• Melissa officinalis, lemon balm: 

up to 19.1%
• Syzygium aromaticum, cloves: 

up to 12.4%
• Humulus lupulus, hops: 9.8%
• Figures mainly from Tisserand, Essential Oil Safety, 2014 33

EBR: all images

Russo, E. B. (2016). Beyond Cannabis: Plants 
and the Endocannabinoid System. Trends 
Pharmacol Sci 37(7): 594-605.



Pacher P, Mechoulam R. Is lipid signaling through 
cannabinoid 2 receptors part of a protective system? 
Prog Lipid Res 2011.



Gertsch J, et al. (2004). Echinacea alkylamides modulate TNF-alpha gene 
expression via cannabinoid receptor CB2 and multiple signal transduction 

pathways. FEBS Lett 577: 563-569.

• Noted structural similarities of Echinacea 
alkylamides to AEA & 2-AG

• They produced an 11-fold induction of TNF-α
in human monocytes and macrophages, 
upregulated its mRNA at nM concentrations, 
while inhibiting LPS-stimulated TNF-α protein

• Demonstrated CB2 agonistic activity (blocked 
by SR144528), and modulated cAMP

• Alkylamides proved to be the dual action 
immunomodulatory  “active ingredients” of 
Echinacea



Echinacea purpurea
• “Alkamides” interact with human CB2 (Gertsch 

2006)
• Show anti-inflammatory effects similar to AEA, 

such as inhibition of TNF-α (Raduner 2006)
• Also inhibit AEA reuptake in vitro (Chicca 2009)
• Also target PPAR-γ, a nuclear receptor (Spelman 

2009)
• Anxiolytic effects of Echinacea reported in animal 

models (Haller 2010)
• Some alkamides show partial and inverse agonist 

effects at CB1 (Hohmann 2011)

Wikipedia

Gertsch J, Pertwee RG, Di Marzo V. Phytocannabinoids beyond the Cannabis plant - do they exist? Br J Pharmacol 2010;160:523-9.

Wikipedia
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Kaempferia galangal and Kaempferol

• Kaempferol is a flavonoid 
found in galangal rhizomes, 
but also apples, blackberries 
and many other plants.

• Kaempferol was demonstrated 
to be a FAAH-inhibitor, 
Ki = 5 µM (Thors 2008).

• A very high dietary intake 
could conceivably boost serum 
anandamide levels.

Kaemferol

EBR

EBR EBR



Wu H, et al. (2013). Macamides and their synthetic analogs: evaluation of 
in vitro FAAH inhibition. Bioorg Med Chem 21: 5188-5197.

Maca, Lepidium meyenii, is a food crop of the 
Peruvian Andes, containing long-chain fatty 
acid N-benzylamides, the macamides.

Synthetic analogues showed irreversible 
inhibition.

Structure of natural compounds would allow 
GI absorption and crossing of BBB.

Regular cumulative consumption despite 
low potency could allow alterations in 
amide signaling.



Cocoa, Theobroma cacao
• Contrary to popular belief, there are 

no endocannabinoids in chocolate :(   
• N-linoleoylethanolamide and N-

oleoylethanolamide are present (Di 
Marzo 1998), however,  and do inhibit 
anandamide breakdown by FAAH 
(Maurelli 1995)  ;)

EBR

Cocoa nibs   EBR
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Columnea ericae, a Smoked Gesneriad from the Ecuadorean 
Amazon: (Russo, Parker, Ben Shabat, 2002)



Columnea ericae
5-HT2A Receptor Activity (Russo, Parker, Ben Shabat, 2002)
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Turmeric,  Curcuma longa
It was previously reported that 
curcumin bound to human CB1 with 
high affinity with inverse agonistic 
effects similar to SR141716A 
(Rimonabant) (Seely et al. 2009). 
Gertsch et al.  (2010) only found 
binding at very high concentrations, 
and the original article was later 
retracted (Prather 2009).

EBR

OH

O OH

OH

OO

Curcumin



Tea, Camellia sinensis
• Initial reports (Korte 2010) 

claimed that epigallocatechin 
3-gallate and (-)-
epigallocatechin bound CB2 
at high concentrations

• Later questioned as accurate 
(Gertsch 2010)

EBR



Frankincense, Boswellia spp.
Effects of frankincense somewhat resemble those of cannabis. 

Study of Jerusalem balsam, from Boswellia carterii, revealed anti-inflammatory, 
antioxidant and antiseptic effects (Moussaieff 2005).

Further study (Moussaieff 2008) demonstrated potent agonistic effects of 
incensole acetate at TRPV3, producing a feeling of warmth (skin and brain), 
anxiolytic and antidepressant effects, as well as c-Fos proto-oncogene 
activation in the brain

Additionally (Moussaieff 2009), NF-КB inhibition, and neuroprotective effects in 
brain trauma in mice were demonstrated.

EBR
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Nicolussi S, et al. (2014). Guineensine is a novel inhibitor of 
endocannabinoid uptake showing cannabimimetic behavioral 

effects in BALB/c mice. Pharmacol Res 80: 52-65.
• N-isobutylamide guineensine from Piper 

nigrum inhibited AEA uptake (EC50=290 
nM), without significant inhibition of FAAH, 
MAGL, CB receptor nor fatty acid binding 
protein 5 (FABP5) effects

• It also dose-dependently inhibited 2-AG 
uptake.

• It produced cannabimimetic effects in 
BALB/c mice at 2.5-10 mg/kg greater than 
placebo (p<0.001) (tetrad: catalepsy, 
hypothermia, hypo- locomotion and 
analgesia).



Petra Illig, MD in Rhodiola rosea field, Anchorage, 
Alaska



Rhodiola rosea, Cut Rhizome and Roots

EBR



Rhodiola rosea Components: Cannabinoid 
Receptor Binding

Ligresti and Russo, unpublished data, 2014



Rhodiola rosea Components: FAAH Inhibition 

Ligresti and Russo, unpublished data, 2014



Black Truffles, Tuber melanosporum

EBR



Pacioni G, et al. Truffles contain endocannabinoid metabolic 
enzymes and anandamide. Phytochemistry 2015;110:104-10.

Tuber melanosporum (black truffle)
contains endocannabinoid biosynthetic 
and catabolic enzymes, but no cannabinoid 
receptors.

It also contains anandamide (but not 2-AG)
in concentrations (300-400 nM) that increase
pari passu with development of melanin
pigmentation and that are high enough to 
activate CB1 and CB2.

Could pigs, dogs and bears smell 
anandamide and selectively seek it?

1) It could explain why truffles are so expensive!
2) This proves that fungi are more animal than plant!

EBR



TIPS: Outstanding Questions
• Should plants that express CB1 agonistic activity suffer legal scrutiny as potential drugs of abuse?
• Can plant-based TRPV1 agonists and other dietary components desensitize the receptor and modulate pain syndromes and other 

disorders?
• Should people with chronic pain or arthritis attempt to increase their dietary intake of beta-caryophyllene in effort to treat their 

condition?
• Can Echinacea be utilized to treat conditions beyond the common cold, such as auto-immune diseases or obesity/metabolic 

syndrome?
• Can terpenoids in cannabis or from other sources act as positive or negative allosteric modulators at cannabinoid or other 

receptors? Can our diets significantly affect AEA and 2-AG levels thereby increasing endocannabinoid tone?
• Can dietary guidelines be developed to optimize ECS function? What is the role of probiotics in that effort? Of prebiotics? 
• Can prebiotics and probiotics be demonstrated to modulate serum and brain endocannabinoid levels?
• Can adaptogens (e.g., Rhodiola rosea, Panax ginseng, Eleuthero senticocus, et al.) be demonstrated to modulate the ECS with 

regular usage?
• Can pigs or dogs identify AEA in the scent of truffles, and might this affect their enthusiasm for the hunt as they selectively seek 

it?
• Do other darkly pigmented fungi (e.g., morels, Morchella spp.) also express anandamide during their growth?
• Will other plant species yield valuable ECS modulators? 

Russo, E. B. (2016). Beyond Cannabis: Plants 
and the Endocannabinoid System. Trends 
Pharmacol Sci 37(7): 594-605.



Thanks!

IvanArt, Bern, Switzerland, 2010 http://www.ivanart.net/index.html


