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Psychedelic drugs fell from grace in the 1960s. Now, scientists are 
rediscovering them as potential treatments for a range of illnesses

By Kai Kupferschmidt

High hopes

FEATURES

Stephen Ross holding a chalice 

with a psilocybin capsule.

Published by AAAS
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Psychedelika - Potential für Psychiatrie



Mitchell et al.  
Nature Med, 2021

Psychedelika - Wirksamkeitsstudien

https://doi.org/10.1038/s41591-021-01336-3


Psychedelika - Wirksamkeitsstudien

Goodwin et al.  
NEJM, 2022

https://doi.org/10.1056/NEJMoa2206443


Galvão-Coelho et al.  
Psychopharmacology, 2021

Some meta-analyses suggest that 
psychedelics might actually be more 
effec7ve in reducing symptoms of 
depression and anxiety compared to 
conven7onal an7depressants in 
terms of their effect size.

It is plausible that the reported 
effec7veness of psychedelics in 
clinical trials might undergo 
revisions as more comprehensive, 
diverse, and long-term studies in 
larger sample sizes are conducted.

Psychedelika - Wirksamkeitsstudien

https://doi.org/10.1007/s00213-020-05719-1


Psychedelika - Wirkstoffklassen

Kelmendi et al.  
Current Biology, 2022

https://doi.org/10.1016/j.cub.2021.12.009


Pharmacology of Ayahuasca

• Banisteriopsis capii (Ayahuasca vine) 

Ø Beta-carboline alkaloids: reversible MAO-I 

(serotonine, norepinephrine, dopamine)

• Psychotria viridis (Chakruna) or

Diplopterys cabrerana (Chacropanga)

Ø DMT: agonist activity at 5-HT2A receptors

(and also 5-HT1A, 5-HT2C, alpha 1A72A, TAAR1, H1, SERT, DAT, 

NET; Carbonaro et al., 2016)

Ø hallucinogenic effect

- Ritueller Gebrauch von Ayahuasca als 
Pflanzenmedizin im Amazonas 

- Induk<on veränderter Bewusstseinszustände 
(Grob, McKenna et al. 1996)

Ayahuasca - Indigene Pflanzenmedizin



Ayahuasca - Ethnobotanik

Schultes 
Science, 1969

https://doi.org/10.1126/science.163.3864.245


Ayahuasca - Ethnobotanik

Schultes 
Science, 1969

https://doi.org/10.1126/science.163.3864.245


N,N-Dimethyltryptamin (N,N-DMT) 
- oral inak<v (Abbau durch GI-MAO-A) 
- oral ak<v in Kombina<on mit MAO-A Hemmern 
- Affinität an 5-HT1A/2A/2C, D1-3, alpha1A/2A, TAAR1, H1, SERT, DAT, NET

Beta-Carboline (z.B. Harmin, Harmalin, THH, etc.) 
- MAO-A Hemmer (reversibel) 
- hemmen Abbau von N,N-DMT sowie 5-HT und NA

Carbonaro et al. 
Brain Res Bull, 2016

Ayahuasca - Ethnobotanik

https://doi.org/10.1016/j.brainresbull.2016.04.016


Miller et al. 
PNAS, 2019

Ayahuasca - Indigener Gebrauch

https://doi.org/10.1073/pnas.1902174116


Ayahuasca - Indigener Gebrauch

Miller et al. 
PNAS, 2019

https://doi.org/10.1073/pnas.1902174116


Ayahuasca - Religiöser Gebrauch

Santo Daime 
Ceu do Mapia, Brazil



Ayahuasca - Trendmedizin des Westens



Only 10% of these four million people belong to Indigenous groups where ayahuasca has traditionally been an integral 
part of their knowledge systems, which highlights the significant impact of the globalization of this plant medicine.

Ayahuasca - Trendmedizin des Westens



Ayahuasca - Trendmedizin des Westens

Insights and subsequent life and lifestyle changes appear to have a central role in the transformative effects reported by 
individuals consuming ayahuasca, with these occurring across contexts of use and demographic groups.



Perkins et al.  
Psychoactives, 2023

Ayahuasca - Trendmedizin des Westens

International cross-sectional study of ayahuasca drinkers in a variety of settings (n = 8907)

https://doi.org/10.3390/psychoactives2040017


Ayahuasca - Subjektive Wirkung



Ayahuasca - Subjektive Wirkung



The mental effects of ayahuasca are described as comparably more sober and clear-
headed in style (compared to other psychedelics such as LSD or psilocybin):  

• Psychological Insights & Meaning Enhancement 

• existential self-realization through perceived exposure to inner mechanics of consciousness 
(e.g. behaviors, motivations, decision-making, character traits, beliefs, etc.) 

• Mindfulness & Embodied Presence 

• increased recognition of external and mental events with curiosity, openness, and acceptance 

• Empathy, Affection, and Sociability Enhancement 

• feelings of positive mood, compassion, and connection with others  

• Language Suppression 

• pre-verbal, intuitive, pre-reflective, symbolic experiences 

• Personality Regression 

• autobiographical memory enhancement, insights into life trajectory, trauma processing 

• Regenerative & Afterglow Phenomena  

• mental clarity, emotional stability, calmness, increased focus, cognitive refreshment

Ayahuasca - Subjektive Wirkung



Online:  https://www.iceers.org/ayahuasca-technical-report/the-therapeutic-potential-of-ayahuasca/

• used to support psychological well-
being, personal development, social 
cohesion, and spiritual experiences 

• most people who take ayahuasca are 
well-adapted and integrated in their 
social, working, and family 
environments

• anAdepressant effect in treatment-
resistant depression 

• decrease in suicidal ideaAon 

• posi<ve outcomes in substance use, 
eaAng disorders, PTSD, grief therapy

• ac<vates brain areas related to 
episodic memory and the awareness 
of emoAons and internal sensa<ons 

• DMT promotes neurogenesis and 
neuroprotecAon (in vitro and in vivo) 

• Harmala alkaloids s<mulate adult 
neurogenesis (in vitro) 

• promotes mindfulness, decentering, 
and cogniAve flexibility 

• confronAng difficult emoAons or 
psychological content can be 
experienced as therapeu<c

Ayahuasca - Therapeutisches Potenzial

Health BenefitsScienAfic Evidence

Brain Health Mental Health

https://www.iceers.org/ayahuasca-technical-report/the-therapeutic-potential-of-ayahuasca/


Ayahuasca - Risiken & Nebenwirkungen

Online:  https://www.iceers.org/ayahuasca-technical-report/ayahuasca-safety-profile/

• psychedelic effects can be transiently 
very intense and challenging 

• difficult psychological adverse 
reacAons are the primary risk 

• with appropriate support, also 
challenging experiences can have 
posi<ve, long-las<ng effects

• no signs of toxicity in the body or 
brain a\er chronic use 

• low risk of abuse and no signs of 
physical dependence 

• protecAve anAaddicAve effect 
regarding harmful drugs and alcohol 
consump<on

• nausea, vomiAng, and diarrhea are 
the main physical adverse effects 

• „la purga“ (purging ritual) in 
tradi<onal Amazonian medicine is an 
intended therapeuAc effect

• risks could be related to unknown 
source or composiAon of the brew 

• beta-carbolines (MAOI) can interact 
with tyramine-rich foods 

• combina<on of MAOIs with SSRIs 
or similar drugs is counterindicated 
(risk of serotonin syndrome)

Toxicity & AbuseAdverse ReacAons

Risk FactorsAdverse Effects

https://www.iceers.org/ayahuasca-technical-report/ayahuasca-safety-profile/


Ayahuasca vs. DMT

Online:  https://www.iceers.org/ayahuasca-technical-report/ayahuasca-pharmacology/

• Ayahuasca is a natural decoc<on with about 2,000 plant 
components 

• The amounts of DMT vary depending on the batch, in 
clinical trials between 0.5-1mg/kg of DMT 

• 45-60 minutes to onset and 2-6 hours duraAon, usually 
repeated servings per session 

• Regula<ons are different by country, the DMT-containing 
plants are not regulated in most places. 

• The ritual use of ayahuasca is rooted in Indigenous 
cosmologies and syncre<c religious beliefs. 

• Modern ayahuasca pracAces and ceremonial designs are 
adapted for Western par<cipants.

• DMT (N,N-dimethyltryptamine) is a ubiquitous 
tryptamine found in some plants, animal species, and 
human body fluids.  

• The acute effects of DMT are more intense and last for 
10-20 mins when inhaled or injected. 

• Synthe<c or extracted DMT is listed in Schedule 1, in 
the 1971 Conven<on on Psychotropic Substances, and is 
illegal in most jurisdicAons. 

• Amazonian tribes also use DMT-containing snuffs such 
as Yopo (Anadenanthera peregrina) 

• Western recreaAonal use of DMT is rooted in the 
cultural history of the psychedelic movement.

https://www.iceers.org/ayahuasca-technical-report/ayahuasca-pharmacology/


Rossi et al.  
Biomolecules, 2022

Ayahuasca - Wirkmechanismen

https://doi.org/10.3390/biom12111618


Ayahuasca - Wirkmechanismen

Activation of 5-HT2A by DMT can potentiate the expression of genes 
encoding transcription factors known to be associated with synaptic 
plasticity, memory, and attention. The 5-HT2A receptor is found 
widespread in the mammalian brain throughout the cortex, 
striatum, hippocampus, and amygdala. Transcription modulation 
may underlie the known antidepressant effects of serotonergic 
psychedelics.

The β-carbolines harmine and harmaline act as 
selective and reversible MAO-AI, while THH acts as 
an inhibitor of the 5-HT reuptake. Harmine seems to 
cause increased DA release and inhibition of the DA 
transporter (DAT), resulting in tonic elevations of DA 
in the synaptic cleft.

Brito-da-Costa et al.  
Pharmaceuticals, 2020

https://doi.org/10.3390/ph13110334


Calder & Hasler  
Neuropsychopharmacology, 2022

Ly et al.  
Cell Rep, 2018

McClure-Begley & Roth  
Nat Rev Drug Discovery, 2022

Psychedelika steigern die Neuroplastizität

https://doi.org/10.1038/s41386-022-01389-z
https://doi.org/10.1016/j.celrep.2018.05.022
https://doi.org/10.1038/s41573-022-00421-7


Timmermann et al.   
PNAS, 2023

DMT - Multimodal Brain Imaging (EEG-fMRI)

https://doi.org/10.1073/pnas.2218949120


Carhart-Harris and Friston  
Pharmacological Reviews, 2019

brain organization 
under a psychedelic

generalized decrease in hierarchical 
constraints under the psychedelic

pathologically rigid or 
frozen system

Psychedelika steigern die neuronale Flexibilität

https://doi.org/10.1124/pr.118.017160


Olson  
ACS Pharmacol. Transl. Sci. 2020

Psychoplastogens are compounds that can induce 
changes in perception, mood, and cognitive 
processes without causing hallucinogenic effects. 

These substances potentially offer the benefits of 
psychedelics without the trip, making them suitable 
for use in a wider range of therapeutic contexts.

Neue psychoplastogene Substanzen…?

https://doi.org/10.1021/acsptsci.0c00192


Ayahuasca - Interkultureller Wissenstransfer

• Die IntegraAon von Ayahuasca in westliche 
Gesundheitssysteme setzt interkulturellen 
Respekt und Bereitscha\ für Dialog voraus. 

• Die biomedizinische Forschung mit Ayahuasca-
Wirkstoffen wir\ Fragen der kulturellen 
Aneignung auf, die es zu reflek<eren gilt. 

• Die Nutzung syntheAsierter Moleküle könnte 
eine ökologisch nachhal<ge Lösung für die 
steigende Nachfrage nach Ayahuasca im Westen 
sein. 

• Im Westen exis<eren polarisierende Ansichten 
über den Gebrauch von Ayahuasca, während die 
indigenen Tradi<onen sich durch Globalisierung 
ste<g wandeln. 

• Es sollte ein transkulturelles ethisches Anliegen 
sein, sichere Erfahrungsräume zu ermöglichen, 
die auf die jeweilige Kultur abges<mmt sind.







1931: DMT-Synthese  (Richard Manske)

1956: Entdeckung der psychotropen Effekte 
von DMT  (Stephen Szára) 

1976: Erste DMT-Studien an der PUK Zürich  
(Dittrich, Angst, Scharfetter)

1990 - 1994: Pharmakokinetik & -dynamik 
von DMT  (Rick Strassman)

1984 - 2003: Pharmakokinetik & -dynamik 
von Ayahuasca  (McKenna, Callaway, Riba)

2015 - 2018: Erste klinische Studien mit 
Ayahuasca in MDD  (Osorio, Palhano-Fontes)

2018 - heute: Entwicklung von DMT-
Präparaten für Psychiatrie  (Reconnect Labs, 
Small Pharma, ATAI, MindMed)

Klinische Forschung mit  
Ayahuasca- und DMT-Präparaten



McKenna et al.  
J Ethnopharm, 1984

Brito-da-Costa et al.  
Pharmaceuticals, 2020

Ayahuasca - Pharmakokinetik/-dynamik

Pharmacology of Ayahuasca

• Banisteriopsis capii (Ayahuasca vine) 
Ø Beta-carboline alkaloids: reversible MAO-I 

(serotonine, norepinephrine, dopamine)

• Psychotria viridis (Chakruna) or
Diplopterys cabrerana (Chacropanga)

Ø DMT: agonist activity at 5-HT2A receptors
(and also 5-HT1A, 5-HT2C, alpha 1A72A, TAAR1, H1, SERT, DAT, 
NET; Carbonaro et al., 2016)

Ø hallucinogenic effect

- large PKPD variability 

- challenge for standardization

https://doi.org/10.1016/0378-8741(84)90003-5
https://doi.org/10.3390/ph13110334


Riba et al.  
J Pharm Exp Ther, 2003

Ayahuasca - Pharmakokinetik/-dynamik

https://doi.org/10.1124/jpet.103.049882


Strassman et al.  
Arch Gen Psych, 1994

DMT - Pharmakokinetik/-dynamik

https://doi.org/10.1001/archpsyc.1994.03950020009001


DMT - Pharmakokinetik/-dynamik

Gallimore & Strassman  
Frontiers in Pharmacology, 2016

Phase 2a safety and efficacy for SPL026 (IV DMT) 
in 34 participants with MDD, demonstrating a 
clinically relevant and statistically significant reduction 
in depression symptoms at two weeks after dosing 
(-7.4 point difference in MADRS between SPL026 and 
placebo). 

https://cybin.com/development-pipeline/?

https://doi.org/10.3389/fphar.2016.00211
https://cybin.com/development-pipeline/


Translationale Arzneimittelentwicklung  
von DMT-Präparaten

Molzon  
Nat Rev Drug 
Discovery, 
2003

PKPD & Safety

Exploratory

Confirmatory

https://doi.org/10.1038/nrd990
https://doi.org/10.1038/nrd990
https://doi.org/10.1038/nrd990




Entwicklung eines DMT-Kombinationspräparats

Dose-finding pilot trial 
PKPD & Safety/Tolerability

Randomized, double-blind, 
placebo-controlled trial

Phase 1 Study 
PKPD & Safety/Tolerability 

Phase 2a Study (2024) 
PoC in Substance Use Disorders

n=10 healthy parAcipants 
30-90 mg DMT 

150-250 mg Harmine 
(oral vs. parenteral routes of 

administra<on)

n=31 healthy parAcipants 
100 mg DMT 

100 mg Harmine 
Placebo

n=16 healthy parAcipants 
different dose ra<os  
of DMT and Harmine

Dornbierer et al.  
Frontiers Pharmacology, 2023

Müller & Aicher & Dornbierer et al.  
under review

Egger & Jareño et al.  
in preparation

Aicher & Müller et al.  
Frontiers Psychiatry, 2024

https://doi.org/10.3389/fphar.2023.1246892
https://doi.org/10.3389/fpsyt.2023.1302559


Isola<on von N,N-DMT aus der Wurzelrinde von Mimosa hos<lis (Incubator Lab, IREM UZH)

Entwicklung eines DMT-Kombinationspräparats



๏ precise 
๏ individualized 
๏ pa<ent-oriented dosing 
➡ circumvenAon of the gastrointesAnal tract

✓ beler tolerability (less undesired effects) 
✓ low PKPD-variability 
✓ improved controllability 
✓ empathogenic effects

Advantages

Rationale

Dornbierer et al.  
Frontiers Pharmacology, 2023

Entwicklung eines DMT-Kombinationspräparats

https://doi.org/10.3389/fphar.2023.1246892


Intensity (VAS)

Liking (VAS)

Plasma DMT [ng/ml]

Plasma Harmine [ng/ml]

open-label, within-subject, dose-escalaAon study

10 healthy male parAcipants (30.7 ± 5.4 y; BMI 18.5–25)

Harmine:  150-250 mg  (oral vs. buccal) 
DMT:  30-90 mg  (oral vs. intranasal) 

Entwicklung eines DMT-Kombinationspräparats

Dornbierer et al.  
Frontiers Pharmacology, 2023

https://doi.org/10.3389/fphar.2023.1246892


Psychedelic Lab Space @ University of Zurich

Studiensetting (RCT)



Studiendesign (RCT)

double-blind, randomized, placebo-controlled, within-subject study

31 healthy male parAcipants (25 ± 4 years | BMI 18.5–25)

100 mg Harmine (buccal) + 100 mg DMT (intranasal) 
100 mg Harmine (buccal) + Placebo (intranasal) 
Placebo (intranasal) + Placebo (intranasal)

Psychedelic Lab Space @ University of Zurich

Müller & Aicher & Dornbierer et al.  
in review



Blissful state

Spiritual Experience

Experience of Unity

Changed Meaning

Synaesthesia
Complex Imagery

Elementary Imagery

Anxiety

Impaired Cognition 
and Control

Disembodiment

Insightfulness

Anxious Ego Dissolution

Oceanic 
Boundless
ness

Vigilance Reduction

Acoustic 
Alterations

Visionary 
Restructuralization

5D & 11D-ASC  |  Altered States of Consciousness

  

DMT & Harmine 
Harmine 
Placebo

DMT & Harmin - Erlebnisprofil

Aicher & Müller et al.  
Frontiers Psychiatry, 2024

https://doi.org/10.3389/fpsyt.2023.1302559


Notes. Retrospective assessment of the subjective experience of the three drug conditions DMT & harmine, harmine, placebo. Psychological insights
(avoidance and maladaptive patterns insights, goals and adaptive patterns insights, global score); emotional breakthrough; connectedness (to self,
others, and nature, and global score); challenging experience (fear, grief, physical distress, insanity, isolation, death, paranoia, global score).

Figure 4

Retrospective assessment of the subjective experience

Psychological Insights (PIQ) Emo<onal Breakthrough (EBI)

Connectedness (WCS) Challenging Experiences (CEQ)

DMT & Harmin - Psychologische Effekte

Aicher & Müller et al.  
Frontiers Psychiatry, 2024

https://doi.org/10.3389/fpsyt.2023.1302559


Pre- vs. Post-Session Ratings  |  Ecological Momentary Assessments (EMA) 

 shift from negative to positive emotions after DMT/harmine 

 increase in emotional acceptance, empathy, connection and optimism after DMT/harmine 

 decrease in self-criticism, fear of failure, dissociation and pessimism in high sensitivity subgroup

High sensitivity 
Low sensitivity

DMT & Harmin - Psychologische Effekte

Aicher & Müller et al.  
Frontiers Psychiatry, 2024

https://doi.org/10.3389/fpsyt.2023.1302559


Ablauf einer Psychedelischen Therapie

Aday et al.  
Psychopharmacology, 2022

https://doi.org/10.1007/s00213-022-06123-7


Aday et al. 
ACS Pharmacol Transl Sci 2021

Einfluss von Set und Setting

https://doi.org/10.1021/acsptsci.1c00014




Psychedelika - Transdiagnostische Wirkfaktoren

Fig. adapted from Insel & Cuthbert 
Science, 2015

Behavioral Rigidity

Negative Mood

Anhedonia

Social Disconnection

https://doi.org/10.1126/science.aab2358


Fig. adapted from Yücel et al. 
Addiction, 2018

Harmine (mg

Psychedelika - Transdiagnostische Wirkfaktoren

https://doi.org/10.1111/add.14424


Vollenweider & Preller 
Nat Rev Neurosci, 2020

Psychedelika - Verstärker der Theory of Mind

https://doi.org/10.1038/s41583-020-0367-2


• Psychedelika erfahren ein wissenschailiches Revival, das neue Möglichkeiten für 
die Behandlung von psychischen Störungen bietet, insbesondere für Depressionen, 
Angststörungen, Abhängigkeitserkrankungen, und Traumafolgestörungen. 

• Aufgrund ihrer psychoplastogenen Wirkung dienen Psychedelika vorwiegend als 
Verstärker der neuronalen PlasAzität, auf deren Grundlage sich salutogeneAsche 
Veränderungsprozesse anbahnen können. 

• Durch EmoAonsakAvierung und Flexibilisierung des Denkens werden psychedelische 
Erfahrungen auch als transdiagnosAsche Verstärker zur Ver<efung von 
psychotherapeuAschen IntervenAonen genutzt. 

• Psychedelika zeigen in einem kontrollierten Seyng ein relaAv gutes Sicherheitsprofil 
und eine gute Verträglichkeit, es braucht noch grössere Vergleichsstudien zu 
Langzeitwirkungen und -verträglichkeit im Rahmen von klinischen Anwendungen.  

• Aufgrund der kürzeren Wirkdauer und besseren Steuerbarkeit könnten innovaAve 
DMT-Präparate eine Alterna<ve zu klassischen Psychedelika wie LSD, Psilocybin oder 
Meskalin darstellen, es sind jedoch weitere klinische Studien notwendig.

Take Home Messages
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