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The oldest and least understood psychopharmacological agent

”…was seized by a peculiar sensation of vertigo and 
restlessness… In a dreamlike state… With my eyes closed, 
fantastic pictures of extraordinary plasticity and 
intensive colour seemed to surge towards me.”
Albert Hofmann, on his accidental exposure to LSD, 
1943

”I lost all control of time: space and time became more 
and more disorganised and I was overcome with fears 
that I was going crazy… Occasionally I felt as being 
outside my body. I thought I had died. My ‘ego’ was 
suspended somewhere in space and I saw my body lying 
dead on the sofa.”
Albert Hofmann, on his deliberate exposure to LSD, 
1943

Number of scientific articles published about psilocybin

USA passes Controlled Substances Act
Psychedelic drugs - Schedule 1 
(most restrictive category)

Therapeutic effect of psychedelics
End-of-life anxiety

Psychedelics are powerful psychoactive substances that alter perception and mood and affect numerous 
cognitive processes (Nichols, 2016)
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Psychedelics in the clinic
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Psychedelics (classic serotonergic ‘hallucinogens’)

LSD

5-HT2A 5-HT2C 5-HT1A ⍺2 D2

DMT

5-HT2A 5-HT2C 5-HT1A Sigma-1 TAAR1

DOI
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Psilocin
(Psilocybin)

5-HT2A 5-HT2C 5-HT1A

Agonist or partial agonist

Ketamine
NMDA

Dissociatives

D2

PCP

NMDA D2
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How can preclinical models support (psychedelic) discovery?

I. Target engagement

II. Preclinical efficacy testing

III. Safety pharmacology

IV. Mechanism of action / biomarkers
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5HT-2A receptor target engagement – Head Twitch Response

DOI-induced HTR: 5-HT2A receptor antagonists 
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Target engagement - HTR

Psilocybin

n=4 per group
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Psilocybin (i.p.)C57BL/6J mice

* Significant effect compared to Vehicle. One-way ANOVA or one-way repeated measures 
ANOVA with Fishers LSD.
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Preclinical Efficacy testing - Depression

The forced swim test (FST): monoaminergic antidepressants

Cryan et al, 2002, TIPS

Adapted from Cryan et al, 2005, Neurosci. Biobehav. Rev.

Drug Mechanism of action Effect on FST 
immobility (rat)

Fluoxetine SSRI

Sertraline SSRI

Paroxetine SSRI

Desipramine NRI

Maprotiline NRI

Reboxetine NRI

Bupropion NDRI (?)

Venlafaxine SNRI

Milnacipran SNRI

Duloxetine SNRI

Mianserin NaSSA (?)
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Novel antidepressants and the FST: (es)ketamine

Key question: is the FST a suitable tool for psychedelic research?

Daly et al, 2018, JAMA Psychiatry

The FST: glutamatergic antidepressants - ketamine 
(McDonnell et al, 2021, Frontiers in Psychiatry)
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FST: 30 min FST

Wistar K yoto rats
n=9-10 per group
* Significant effect compared to Vehicle. One-way ANOVA with Fishers LSD.
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Psilocybin and the forced swim test
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Psilocybin (i.p.)
C57BL/6J mice
n=10-12 per group

Hesselgrave et al., 2021, PNAS
Psilocybin 1mg/kg i.p.
C57BL/6J mice

Hibicke et al., 2020, ACS Chem. Neuro.
Psilocybin 1mg/kg i.p.; LSD 0.15mg/kg i.p.
WKY rats

Psilocybin (and LSD) produce persistent antidepressant-like effects in the FST
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Measuring rodent motivation: the progressive ratio task

Anhedonia: Inability to feel pleasure in normally pleasurable activities

‘Markedly diminished interest or pleasure in all, or almost all activities most of the day, nearly every day’ 
(symptom of depression as in DSM-5)

Motivational anhedonia: loss of interest or absence of anticipatory pleasure
Consummatory anhedonia: loss of pleasure in response to previously rewarding stimuli

Aberman et al.,, 1998, Pharmacol Biochem Behav

Rat progressive ratio (PR) task

- Responses for successive reinforcers (sucrose pellet) increases according to the progression: 
2, 4, 6, 9, 12, 15, 20, etc. 
- Endpoints: Lever Press and Breakpoint

Baseline 2hr 24hr 48hr
0

2

4

6

8

10

12

14

16

B
re

ak
po

in
t

****

**

Baseline 2hr 24hr 48hr
0

100

200

300

400

500

Le
ve

r P
re

ss

Veh
LPS

***

**

* Significant effect compared to baseline. One-way repeated measures ANOVA with Fishers 
LSD post-hoc (n=9-10 per group)
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Micro doses of psilocybin enhance motivation
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DOI and motivation
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* Significant effect compared to baseline. One-way repeated measures ANOVA with Fishers 
LSD post-hoc (n=9-10 per group). Drugs administered by subcutaneous (SC) injection.

SC SC 
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* Significant effect compared to baseline. One-way repeated measures ANOVA with Fishers 
LSD post-hoc (n=9-10 per group). Drugs administered by subcutaneous (SC) injection.
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DOI (1mg/kg sc) and motivation

* Significant compared to Baseline group. One-way repeated measures ANOVA with Fishers 
LSD post-hoc (n=8 per group)

****

****

Lever Presses Breakpoint

Low responders

High responders
0 min.   30 min.   24 h     48 h.     72 h.   4 days.  5 days

0 min.   30 min.   24 h     48 h.     72 h.   4 days.  5 days

0 min.   30 min.   24 h     48 h.     72 h.   4 days.  5 days

0 min.   30 min.   24 h     48 h.     72 h.   4 days.  5 days
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“It gave me an inner joy, an open mindedness, a gratefulness, 
open eyes and an internal sensitivity for the miracles of 
creation.”
Albert Hofmann, on LSD
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