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Fighting

Inflammation

How to stop the damage before it compromises your health

Three out of 5 people worldwide die from diseases that have been
linked to chronic inflammation including cardiovascular disease,
stroke, cancer, chronic respiratory diseases, obesity, and diabetes.
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Inflammation and Chronic Disease
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Chronic Stress - Systemic Sequelae

Limbic forebrain structures

CRH, p— * it Arterial Inflammation
[, g - Hypothalamus
'.' ‘ ? Sympathetic output
o by } - parasympathetic
;\,.h. -ve
“feedback T ;
. | Adrenal cortex ( % o  Adrenal Peripheral
I @/ 2 ¥ medulla sympathetic
oo, . b N\ . o
.. Cortisol | A = NeuraI-Ianammatory_—Arterlal Axis
Noradvrenaline Leukopoietic Activit
| Inflammation f Coagulation ! Heart rate
G ! Blood pressure | eart rate variability
mobilisation Insulin resistance 4 erjoukin-6
Intravascular Endothelial Arrhythmias
volume dysfunction !

Immune Dysregulation

Inflammatory cells

Cytokine release
Modified from Osborne Circ Cardiovasc Imaging. 2020;13:e010931 www.mghcme.org



Psychosocial Stress and Myocardial Infarction
(INTERHEART study)
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Psychedelics and Inflammation

 5-HT2A is the most widely expressed serotonin receptor:
Lung, Heart, GIT, Immune System, Bone, Muscle, Skin, Eye

e Serotonin is primarily pro-inflammatory

* Psychedelics are anti-inflammatory

* Psychedelics recruit different pathways than serotonin at the
5-HT2A receptor

* Functional selectivity/Biased agonism - property of G-protein-coupled
receptors: structurally different agonists may have different effects at the
same receptor.

* 5-HT receptors interact with many G-proteins and thereby regulate multiple
signal transduction pathways. This diversity creates opportunities for future
therapeutics (functionally selective ligands).

Flanagan & Nichols: Nature Scientific Reports (2019) 9: 13444 www.mghcme.org
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28677096

Functional Selectivity and GPCR-Related Signaling
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=17629962

Psychedelics and Inflammation

Psychedelics are anti-inflammatory

Preclinical data in animal models establish proof of principle

Vascular inflammation (atherosclerosis)
Glucose intolerance/insulin resistance/lipids
Inflammatory bowel disease

Asthma

Ocular inflammation

Psychedelics are efficacious at sub-behavioral levels

Steroid sparing mechanism (no systemic immunosuppression)

Possibly fewer AEs than traditional anti-inflammatories (?)

www.mghcme.org



Anti-Inflammatory Effects of Four Psilocybin-Containing Mushroom Extracts on
LPS-Induced Inflammatory Cytokines in Cultured Human Macrophages
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8352634/

Anti-Inflammatory Effects of Four Psilocybin-Containing Mushroom Extracts
on LPS-Induced COX-2 in Cultured Human Macrophages
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8352634/

Effects of Psilocybin Mushroom Extracts on
Endothelin-1-Induced Hypertrophy and Cell Injury in Rat Cardiomyocytes

Enothelin-1 Active Control

Psilocybin Mushroom Extracts

Nkadimeng & Eloff Nature Sci Rep. 2020; 10: 22314. www.mghcme.org


https://pubmed.ncbi.nlm.nih.gov/?term=Nkadimeng%20SM%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7749179/
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Effects of Psilocybin Containing Mushroom Extracts on
Endothelin-1-Induced Hypertrophy in Rat Cardiomyocytes:
Cell Width and BNP Levels
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(R)-DOI: 2,5-dimethoxy-4-iodoamphetamine

DOI: 2,5-dimethoxy-4-iodoamphetamine

Synthetic psychedelic

Substituted amphetamine (phenethylamine family)

Not a stimulant

High affinity agonist for 5-HT2A receptors

Originally used as a radioligand to study 5-HT2A receptors
Behavioral effects: 1.5-3 mg PO (16-30 hours)

Sold as substitute for LSD

Significant anti-inflammatory effects (at sub-behavioral doses)

www.mghcme.org



(R)-DOI Potently Inhibits TNF-a-Induced Activation and
Translocation of NF-kB p65 in Rat Aortic Smooth Muscle Cells
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(R)-DOI Potently Inhibits TNF-a-Induced Expression of
Proinflammatory Genes in Rat Aortic Smooth Muscle Cells
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Effects are mediated through 5-HT2A
Blocked by selective 5-HT,,antagonism

Pretreatment with 5-HT,; and 5-HT,.
antagonists have no effect on results
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Anti-Inflammatory Effects of Psychedelics
(R)-DOI in Murine Asthma Model
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(R)-DOI: Cholesterol and Glucose in
ApoE-/- Mice on High Fat Diet

— Total Cholesterol 1000- LDL Cholesterol
1 Control T ] Control T
soo [ DOI * soo{ EH DO *
] e
iﬁ GO0+ i% 600
2 2
(5] Q
= 4004 =1 400-
=] =
2 T 2 T
200 200
0 NC HF ¢ NC HF
Normal chow Diet High fat Diet
400-

300+

200+

Blood Glucose

100+

0 15 30 60 120
Flanagan. Scientific Reports-Nature 2019; 9:13444 Minutes www.mghcme.org



150+

% Control

100+

(R)-DOI and Pro-Inflammatory Gene Expression

in Aortic Tissue in ApoE-/- Mice

vcam1

% Control
g

100+

i-6

NC NCDOI HF HF-DOI

NC-normal chow
HF-high fat diet

T 4 T
NC NC-DOI HF  HF-DOI

Flanagan. Scientific Reports-Nature 2019; 9:13444

% Control

200+

150+

1004

mcp-1

NC NC-DOI HF  HF-DOI

% Control

150+

100+

tnf-ct

NC NC-DOI HF  HF-DOI

www.mghcme.org



Anti-inflammatory Activity Does Not Correlate With Behavioral Activity
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Association Between Lifetime Classic Psychedelic Use
and Hypertension in the Past Year (NSDUH)

Variable aOR (95% CI) ‘ Pvalue

Hypertension in the past year

Model 1
Lifetime classic psychedelic use 0.86 (0.81-0.91) <0.0001
Model 2
Lifetime tryptamine use 0.80 (0.73-0.89) 0.0001
Lifetime LSD use 0.96 (0.87-1.05) 0.3361
Lifetime phenethylamine use 0.97 (0.87-1.08) 0.5595

Hypertension. 2021;77:1510-1516. www.mghcme.org



Associations between Lifetime Classic Psychedelic Use
and Cardiometabolic Disease (NSDUH)

Variable | aOR (95% CI) | pvalue
Heart disease in the past year

Model 1

Lifetime classic psychedelic use 0.77 (0.65-0.92) 006
Model 2

Lifetime tryptamine use 0.85 (0.69-1.06) 152
Lifetime LSD use 0.88 (0.73-1.07) 199
Lifetime phenethylamine use 0.92 (0.75-1.13) 402
Diabetes in the past year

Model 1

Lifetime classic psychedelic use (.88 (0.78-0.99) 036
Model 2

Lifetime tryptamine use 0.86 (0.74-1.00) 055
Lifetime LSD use 0.92 (0.80-1.06) 236
Lifetime phenethylamine use 1.01 (0.86-1.19) 891

Nature Scientific Reports | (2021) 11:14427 www.mghcme.org
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Associations between Lifetime Classic Psychedelic Use
and Markers of Physical Health (NSDUH)

aOR (95% CI) p value N
Self-reported 1.08 (1.02-1.14) .0048 168,123
overall health
aOR (95% CI) p value N
Heart condition and/or 0.89 (0.77-1.02) .0917 168,147

cancer in the past year

aRRR (95% CI) p value N

Normal weight (Reference) 56,955
Underweight 0.93 (0.72-1.20) . 5753 3940
Overweight 0.86 (0.80-0.93) .0002 51,212
Obesity - Class 1 0.80 (0.74-0.87) <.0001 28,913
Obesity - Class 2 0.76 (0.69-0.83) <.0001 13,831
Extreme obesity - Class 3 0.78 (0.68-0.88) .0002 8926

J Psychopharmacology 2021, 35(4): 447-452 www.mghcme.org



Psychedelics and Inflammation
Summary

=  Psychedelics are anti-inflammatory (some at sub-behavioral levels)

=  Psychedelics and serotonin recruit different signaling pathways at the 5-HT2A receptor
(functional selectivity)

=  Pathways responsible for behavioral vs anti-inflammatory effects of psychedelics are different

= Structural differences between ligands appear to result in different anti-inflammatory potencies
and efficacy among psychedelics

= These anti-inflammatory properties may constitute a novel steroid-sparing, non-
immunosuppressant therapeutic approach to diseases linked to chronic inflammation

= Understanding interactions between ligands at the 5-HT,, receptor is crucial for the
development of new 5-HT,, receptor agonists with reduced behavioral effects but with retained
potent anti-inflammatory activity.

=  Whether some classic psychedelics may have long term effects on physical health is an
intriguing question that merits further exploration.

Flanagan Nature Scientific Rep (2019) 9: 13444

Flanagan ACS Pharmacol. Transl. Sci. 2021, 4, 2, 488-502 )
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