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Psychoactive Substances

Psilocybin

stimulates serotonin and
dopamine receptors

MDMA Ketamine

preferential 5-HT2A and 5-HT1A agonist

serotonin, norepinephrine and dopamine releaser NMDA receptor antagonist



A brief history of Research on Psychedelics

Timeline | A brief history of psychedelic drugs

Isolation and
identification
of mescaline
by A. Heffter

Synthesis
of PCP

Discovery of
psychoactive

effects of LSD
by A. Hofmann

First LSD study
in people with
depression by

C.Savage

Isolation and
synthesis of
psilocin and

psilocybin by
A.Hofmann

LSD appears on
the streets

Sandoz recalls
samples of
LSD and
ceases
supplying it

Demonstration
of antagonistic
action of PCP at

First neuroimaging
study on psilocybin
and ketamine

NMDA receptors
by N. Anis

1897 1919 1926 1938 1943 1947 1952 1953 1958 1962 1963 1965 1966 1970 1983 1988 1990 1999

Synthesis of Synthesis First LSD First clinic using ‘ Synthesis Introduction LSD. psilocin [Demonstration of Ketamine is
mescaline of LSD by study in LSD in psycholytic of ketamine of the term and mescaline agonistic action of placed in
by E. Spath A.Hofmann | | humans by therapy by ‘dissociative are placed in LSD at 5-HT2, schedule Il
W. Stoll R.Sandison anaesthetic’ Schedule lin receptors; first inthe US
by E. Domino the US neuroimaging
study on mescaline

LSD, lysergic acid diethylamide; NMDA, N-methyl-p-aspartate; PCF, phencyclidine. Discoveries relating to classical hallucinogens and to dissociative anaesthetics are
shown by black and red boxes, respectively.

Vollenweider & Kometer, 2010



A brief history of Research on Psychedelics

300
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PSYCHEDELICS TAKE FLIGHT 17 trials

Over the past decade, there has been an increase in
clinical trials testing psilocybin, MDMA and LSD for

use in psychiatric conditions, including depression,

1950 1970 drug dependency and anorexia nervosa.
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Problems with current treatments for psychiatric disorders

 Significant side effects

Chronic administration

Moderate response rates

Time Course(s) of Clinical
Improvement

Delay in onset of effects
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Frazer et al., 2002



Harm Potential

B Harm to users

B Harm to others

van Amsterdam et al., 2015



Subjective Effects of LSD and Psilocybin

by Candace Lewis



Subjective Effects of LSD and Psilocybin
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Duration of Effects (LSD & Psilocybin)

ey
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Course of subjective effects of LSD p.o. compared to the hallucinogen psilocybin.
From: Passie, 2008



Where are we?

Preclinical FDA Review | Ph
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Modern Studies Testing the Efficacy of Psychedelics

« Limited, supervised
administrations

« Rapidly acting

« Long-lasting effect

* Good safety profile

* In synergy with psychotherapy




MDMA - PTSD Phase lli
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Psilocybin — Depression, Anxiety Phase Il
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Psilocybin — Depression: Single Administration

ﬂ MADRS score
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Psilocybin — Depression: Single Administration
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Psilocybin — Depression: Single Administration, lower dose
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Psilocybin — Addiction Phase I
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Psilocybin for Relapse Prevention

60 Participants: 30x Psilocybin, 30x Placebo

121’?:3/3 4 weeks 3 and 6
withdrawal after months after
therapy Psilocybin Psilocybin



Adverse events: Goodwin et al, 2022

Table 3. Adverse Events Reported on Day 1, from Day 2 up to Week 3, and after Week 3 up to Week 12 (Safety
Population).*

Psilocybin, 25 mg Psilocybin, 10 mg Psilocybin, 1 mg
Adverse Event (N=179) (N=75) (N=79)

number (percent)

Day 1
Any adverse event 43 (61) 35 (47) 30 (38)
Any severe adverse event 3(4) 6 (8) 1 (1)
Adverse events occurring in =5% of participants
in any group
Headache 19 (24) 11 (15) 13 (16)
Nausea 17 (22) 5(7) 1(1)
Euphoric mood 4 (5) 5(7) 3 (4)
Fatigue 5 (6) 2 (3) 4 (5)
Insomnia 2 (3) 3 (4) 5 (6)
Anxiety 3 (4) 6 (8) 0
Moaod altered 4 (5) 3 (4) 0
Dizziness 5 (6) 1 (1) 0
Paresthesia 2(3) 4 (5) 0
Abnormal thinking 0 4 (5) 0
Any serious adverse event 0 0 0




Adverse events: Goodwin et al, 2022

Adverse Event

Day 2 up to wk 3
Any adverse event
Any severe adverse event

Adverse events occurring in =5% of participants
in any group

Headache
Insomnia
Anxiety
Fatigue
Suicidal ideation
Depression
Mood altered

Any serious adverse event
Suicidal ideation
Intentional self-injury

Hospitalization

Psilocybin, 25 mg
(N:=79)

44 (56)
7 (9)

9 (11)
4 (5)
4 (3)
6 (8)
> (6)
3 (4)
4 (5)
4 (5)
2 (3)
2 (3)

Psilocybin, 10 mg
(N=75)

number (percent)

36 (48)
5 (7)

> (7)
> (7)
6 (8)
2(3)
4 (5)
3 (4)

4 (5)
2 (3)
1(1)
1(1)

Psilocybin, 1 mg
(N=79)



Adverse events: Goodwin et al, 2022

Psilocybin, 25 mg
Adverse Event (N=79)

After wk 3 up to wk 12
Any adverse event 23 (29)
Any severe adverse event 2 (3)

Adverse events occurring in =5% of participants

in any group
Headache 3 (4)
Any serious adverse event 4 (5)

Suicidal behavior 3 (4)

Psilocybin, 10 mg
(N=75)

number (percent)

24 (32)
3 (4)

Psilocybin, 1 mg
(N=79)

24 (30)



Inter-individual heterogeneity in clinical data
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Understanding the mechanisms of action is important!




The Neurobiology of Psychedelics




Ketanserin blocks Subjective Effects

Psilocybin
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From Receptors to Clinical Effects
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JAMA Psychiatry | Original Investigation

Effects of Psilocybin-Assisted Therapy on Major Depressive Disorder
A Randomized Clinical Trial
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From Receptors to Clinical Effects
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Psychedelics Change the Activity of u%urons

HTR2A cortical gene
expression map

lateral medial |
DMT LSD
|
J m
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mean gene expression
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Preller et al. 2018



From Neurons to Interactions with the Environment




Modulation of Brain Connectivity
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The Thalamic Filter Model

Temporal lobe

Cerebral peduncle
Medulla oblongata




Thalamic Connectivity under LSD

LSD-Placebo
N

red: increased effective connectivity
blue: decreased effective connectivity

Preller er al., 2019, PNAS



What about the Cortex?
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Changes in GBC are similar under LSD and Psilocybin

Psilocybin vs. Placebo

LSD vs. Placebo
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Dysbalance between Sensory Processing and Integration
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Baseline Connectivity Correlates with Magnitude of

~ Psilocybin Effects
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Interaction between Brain and Environment




Reduced Reactivity to Negative Stimuli

0.5 o biacebo - placebo
B ketansedn + placabo
H placebo + psilocybin
P ketansedn + psilocybin il
0.4 "
P L]
—
@ i N AR
% 0.3 -
G : =
5 - 1
2 Placebo > Psilocybin
i Negative {vs Shapes)
0.1
Pasitive Meutral Megative

Kometer et al., 2012, BPS Krdhenmann et al., 2014, BPS



Reduced Reactivity to Negative Stimuli
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Social Exclusion Task
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Social Exclusion Task
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»Social Pain” in normal waking states
Eisenberger, Science, 2003 Red: increased reaction in Borderline Personality
Disorder patients
Domsalla, 2013, SCAN



Psilocybin Reduces Social Exclusion Processing

mean exclusion rating
4
l

Placebo Psilocybin

Preller et al., PNAS, 2016



Modulation of Social Cognition via Psychedelics and
Entactogens

Emotional Empathy

Psi: 1 MDMA: 1

LSD: 1 GHB: -

Moral Decision Cognitive Empathy’
Making

= MDMA: - Psi: - MDMA: -

LSD:|  GHB:-

Altruistic Behavior Emotion Recognition
S (negative)
St 1 al Psii|  MDMA: |

SD:T - GHB: g " LSD: |

Sexual and

Romantic Behavior Social Rejection

Sensitivity
MDMA: 1- GHB: 1 Psi: | MDMA: |

LSD: -2
Social Influence

Processing
LSD: 1

Preller & Vollenweider, 2019



From Receptors to Clinical Effects

-4.43  -0.07

030405060?0

() — Psilocybin 115125 g per kg (n=72)
— Psilocybin 215-270 pg per kg (= 214)
— Psilocybin 315 pg per kg (n = 41)

JAMA Psychiatry | Original Imvestigation

Effects of Psilocybin-Assisted Therapy on Major Depressive Disorder
A Randomized Clinical Trial

Alan K. Davis, PhiD; Frederick 5. Barrett, PhD; Damick G. May, MID; Mary P. Casimana, MSW; Nathan D. Sepeda, BS; Matthew W. Johnson, PhD:
Patrick H. Finan, PhD; Rokznd R. Griffiths, PhD




Possible Mechanisms of Action

Alterations in the 5-HT2A receptor system
* Induced Neuroplasticity
* Neuroinflammation

» Epigenetics

Preller et al.,2020

e Alterations in Brain Networks
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* Increased Social Connectedness
Kraehenmann et

al., 2015
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Conclusions

* Psychedelic-assisted therapy may be a promising new treatment model
« They have a rapid onset, long-lasting effects, and good safety profile

« Dealing with an altered state requires training on the therapist side

« Larger, well-controlled studies are needed to show efficacy

 Mechanisms need to be investigated
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