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Learning objectives / b if PPARENTQ

Investigating hallucinogens as agonists of the serotonin 2A receptor.

Identities of these substances and rsi y to natural serotonin:

LSD NBOMe Psilocin MDMA DMT

A 4

Explore pharmacological activity and proposed use in tre:
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Serotonin function / Y DRUG
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* Produced by enterochromaffin cells in the gut. H
N
* Absorbed by neurons, platelets, and immune cells to be stored /
and released when needed. HO'

In the body, it regulates temperature, blood pressure, ™
sensations of touch and pain. N

5-hydroxytryptamine,
In the brain, it modulates mood, behavior, sleep, and 5-HT, serotonin
wakefulness.

Neurobiology of
the brain

The brain is an electrochemical
computer composed of cells called

neurons.

Neurons release and respond to
chemical messengers called
neurotransmitters.
Neurotransmitters are tightly
regulated.
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Hallucinogens mimic serotonin / Y DRUG
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* Neurons absorb and release chemicals such as )
serotonin, which fills the gap between cells. This gap is - -
called the synapse. o Y

When serotonin accumulates in the synapse, it reaches
a threshold to bind and activate serotonin receptors in
the adjacent neuron to propagate a signal.

But when psychoactive drugs are introduced, there is no
regulation so effects are unpredictable.

Hallucinogens mimic serotonin / T DRUG
IMPAIRMENT.COM

SCIENCE ADVANCES | RESEARCH ARTICLE

Trips and i Di: i incil  Under natural circumstances, activation
patterns across 6850 hallucinogenic experiences of the serotonin 2A subtype allows you
to experience creativity, dreaming, and
imagination in a controlled fashion.

‘Galon Bllentinet, Samuel Freesun Friodmar’t, Danilo Bzdok™*"

* Hallucinogenic drugs activate the
serotonin 2A receptor subtype without
any scheduling or regulation, so
thoughts and perceptions can lead to
dangerous behaviors and situations.
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MECEYS]  swiss chemist Albert Hofmann was developing a series of medications
to intensify uterine contractions, one now known as lysergic acid diethylamide
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Distorted awareness Altered perception of time and space
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UCIFI0f] Recreational use spreads among drug enthusiasts.
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POSSESSION OF ILLEGAL
DRUGS IS AN'OFFENSE AND
1S PUNISHABLE BY LAW
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LSD has strong affinity to SHT2AR / Y QABAELNJCCQM
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Pochophurmacology (199 136: 409414 © SpringerVrkg 1995

Lorioiva investicarion [

Chrisina T, Egan- Katharine
Keith Miller - Richard A. Gl

Agonist activity of LSD and lisuride at cloned 5HT2, and 5HTyc receptors

dtler

Drug Ki(aM) « The lower the numbers are, the stronger the drugs are in
_ binding to the serotonin 2A receptor.
SHTa
- @ - Serotonin (SHT): 262
LSD 13406 FpY
Lisuride 2%46 1s0:13
?}?TM ;é; i ;;5 + Therefore, LSD is about 200x more lkely to bind than serotonin.

* Doses are micrograms instead of milligrams.
‘Table 1: Affinities of hallucinogens at SHT:ureceptors.
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What is a fatal dose of LSD?
Most resources point to the equivalent to 1000
times the usual street dose

Forensic Science International

+ This translates into about 200-400 mg of LSD Review Article
+ However, others have also mistakenly taken these 15 15D toudce
Chartes . Grob

doses and survived with supportive care niiely

Apparently, LSD does not have the degree of
physiological toxicity alleged by recent reports in the
professional literature and in the media

15D (ng/mi)

Instead, fatalities are often traced back to:
excessive physical restraints
lack of awareness when in physical danger

01352567 85D
Time thours)

suicidal thoughts and actions
psychoactive drugs other than LSD

|
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The real problem with LSD / Y PABAHwGM

/Self inflicted neck wounds under influence of\

lysergic acid diethylamide

A case report and literature review Homicide and LSD
Brenn L D, PR, Trrmas Gyl Pha, PO, Al Ber, M et it s s D
e o Pram. P10, e o

Abstract

A 22-year-old student kiled his girlfriend during a
psychotic period which may have been precipitated
by ingestion of lysergide. This closely followed
another assaultive episode while he was under the
influence of drugs. Prior to this, he had not had any
untoward drug reaction.

A

\ Figure 1. Knffe found in the immediate vicinity of the body. /

|
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Origins of NBOMe / Y DRUG
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Synthese und potenter 5-HT, mit N-2

Methoxybenzyl-Partialstruktur

Molecular Interaction of Serotonin 5-HT,,, Receptor Residues
Phe339*") and Phe340©52 with Superpotent N-Benzy!

Entwicklung eines neuen Struktur-Wirkungskonzepts 2
® ® P Phenethylamine Agonists®

Pailoca 5
e /Q p--3 g s

50
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Evolution of NBOMe / b PBAHCOGM

Indolealkylamines

Ftrontiers oy 2050 ! ! !
NBOMes-Highly Potent and Toxic

Phenalkylamines

Alternatives of LSD

Jolanta B. Zawilska'", Monika Kacela' and Piotr Adamowicz®
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Unpredictable Behavior Under the Influence of
“Magic Mushrooms”: A Case Report and
Review of the Literature*

Case study of an 18 year-old male victim:

* He was at home with friends where they
ingested psilocybin mushrooms

He undressed in the bathroom and then came

out acting unusually aggressive and excited
He then ran out on the balcony and jumped

Results from investigation:

+ A forensic autopsy found fatal head and thoracic trauma

* The gastric contents contained partially digested Psilocybe mushrooms.

* He had no significant psychiatric history, but wanted to try mushrooms to overcome his shyness.

|
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MDMA is a favored party drug / Y DRUG
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MDMA is short for: methylenedioxymethamphetamine

Although it alters perception like other hallucinogens, it is
more of a stimulant:

Tr~ O

an q,mwwMJ:\M,,WN - PR —

These properties give flashing lights and thumping music
a heightened sensory experience.

The stimulatory properties promote feelings of high
energy and wakefulness.

* Because of its influence on serotonin, users want to
touch others and be touched, also known as an
entactogenic response.

|
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L-tryptophan Tryptamine Serotonin

~ ’
/

Dimethyltryptamine,

L " i
N /
* Remember the formation pathway of serotonin? e

i i 1
* Tryptamine caﬁ turninto DMT. Bufotenine
* DMT can turn into bufotenine! /™
* Itis a completely natural process in humans!

26

Related tryptamines / b PA&LNJCOGM

~ Sl %_’ QEC
/N\ NH,
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5_hvdi

5-mett i yptamine, Y/ ydimethyltryptamine, 5- Serotonin
5-MeO-DMT OH-DMT, bufotenine
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European Neuropsychopharmacology (2016) 26, 1327-1337 * Binding studies show LSD and psilocin have among
Receptor interaction profiles of novel the strongest drug affinities for the serotonin
psychoactive tryptamines compared receptor.

with classic hallucinogens

Doses are relatively low, so toxicology detection is

Anna Rickli?, Olivier D. Moning®, Marius C. Hoener®, ;
Matthias £, Liechti" ® very challenging.
Binding potency
we Ki (um)
e more
numbers = potent
P—— .
© SMOMT  mmn  soET swowrt | o prove .
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Receptor activation compared / Y RBHG

COM

European Neuropsychopharmacology (2016) 26, 1327-1337

P 5 ) The semi-synthetic tryptamines are stronger
Receptor interaction profiles of novel activators, but effects are fleeting.
psychoactive tryptamines compared
with classic hallucinogens

Doses are higher than LSD, but the metabolites
disappear into natural biochemicals.

Anna Rickli®, Olivier D. Moning’, Marius C. Hoener®,

Matthias E. Liechti™

Activation potency

o4 Ki (uM)
smaller _ more
0z numbers = potent
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Social acceptance of hallucinogens / bl DRUG
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Lawmaker Files Bill To Legalize
Psychedelics Like LSD And dingl
Psilocybin are popping up across North America

GOP New Hampshire =—salon ===

More States May Legalize Psychedelic
Mushrooms

2/23/25
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Hallucinogens for treating depression? / Y

Reviewing the Potential of Psychedelics for the
Treatment of PTSD

Erwin Krediet, Tijmen Bostoen, Joost Breeksema, Annette van Schagen,
Torsten Passie, Eric Vermetten

Long:te follow-up outcomes of MOMA-assisted psychatherapy

trils

Psychedelics and Other
Psychoplastogens for Treating
Mental lliness

Hallucinogens in Mental Health: Preclinical and Clinical
Studies on LSD, Psilocybin, MDMA, and Ketamine

Danilo De Gregorio," * Argel Aguilar Valles,* Katrin H. Prelle,” “Boris Doy Heifts Meghan Hibicke,
Jennifer Mitchel and *Gabriela Gobbi

Maxomilano . Vargas", Retsina Moyor-, Arabo A. Avanos?, Mark Rus* and
David . Olson44e-

31

What about HPPD? DRUG

IMPAIRMENT.COM

brain

Hallucinogen Persisting Perception Disorder: e
ooy Gl e

ion and Consciousness in
Perspectives HPPD: A Systematic Review

and Therapeuti

* Hallucinogen persisting perception disorder can occur for
years after one dose.

* Recurring visual disturbances and synesthesia are common.
* Antipsychotic medication is useful for treatment.
* But why trade one morbidity for another?

32
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“Alice in Wonderland Syndrome” / Y DRUG

LSD-associated “Alice in Wonderland Syndrome”
(AIWS): A Hallucinogen Persisting Perception
Disorder (HPPD) Case Report

1uro G, Lerner MD.” and Shaul Lev Ran, D,

. four s LSD use

" xperience
macropsia

micropsia

pelopsia

teleopsia

isappeared

+ AIWS appeared during LSD consumption and continued after LSD suspension, aka HPPD.
*  This phenomenon did not cause a major impairment but provoked sufficient concern due to its persistence.

|
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Hallucinogens mimic the effects of serotonin, but they are more potent and longer lasting.

D is a synthetic drug that causes wild hallucinations and poses a safety risk to users and those around them.

NBOMe is a more refined form of LSD with a proven history of acute fatal toxicity.

Psilocin is a natural hallucinogen from magic mushrooms that can lead to unsafe situations.

MDMA is a classic synthetic club drug known for its mixture of psychedelic and stimulatory properties.

DMT is a naturally occurring tryptamine in the body that can be enriched to produce a short term psychedelic
experience.

There is continued interest in hallucinogens as treatments for depression and anxiety, but safety is still at risk.

/ T DRUG

Hallucinogen Pharmacology
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