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Einführung
1. NMDA-antagonism

• Ketamine / Esketamine

• Dextometorphan + Bupropion / Esmethadone

• Laughing gas (N2O nitrous oxide) 

2. 5-HT-agonism
• Psilocybin

• Lysergic acid diethylamide (LSD)

• Ayahuasca / DMT

3. Monoamine reuptake
• MDMA for PTSD

4. Implementation

5. Mechanisms
• Discuss



Monoamine hypothesis of depression

Kuhn 1957
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➔ serotonin || noradrenalin

Monoamine hypothesis since >60 years

(ex iuvantibus)



Antidepressants – metaanalysis

Cipriani A, et al. Lancet. 2018;391:1357-66

> 522 RCT, 116.477 patients
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Challenge of treatment selection

Maj M et al. World Psychiatry 2020;19:269–293 

> Current reality

▪ The majority of patients with depression do not achieve 
remission with their first treatment. 

▪ At least 30% don't respond to two consecutive evidence-
based treatments and may be classified as TRD.

> The problem

▪ Treatment guidelines emphasize severity as main element 
for treatment choice, but lack reliable ways to evaluate it. 

▪ Research doesn't support idea that response depends 
solely on syndrome severity.

▪ Need to characterize individual patients beyond syndromal 
diagnosis has been emphasized to personalize treatment. 

▪ However, evidence guiding personalization remains 
fragmentary

• treatment selection typically follows a trial-and-error 
approach based on clinician or patient preference and safety 
concerns.

30-45%

Remission rate 
at 1st treatment



Japan 2025
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Psychologic effects of ketamine

Vollenweider and Kometer, Nat Rev Neurosci, 2010

> Disembodiment

> Impaired control and cognition

> Experience of unity

> Vivid imagery

> Changed meanings of perceptions



NMDA antagonists

Ketamine

Ketamine i.v. Esketamine i.n. Ketamine p.o.

Zarate et al, Arch Gen Psychiat 2006 Popova et al, Am J Psychiatry 2019 Colla et al, J Psychiat Res 2024



erKetamin p.o. in TRD: tx@home

Glue P et al. Nat Med 2024, 30:7, 2004-9

> Oral extended release ketamin in patients with TRD

▪ randomized, doubleblind, N > 200

▪ dose-response, placebo

> Tx at home (2 x/wk for 12 wks)



Dextometorphan + bupropion

Tabuteau et al, Effect of AXS-05 (dextromethorphan-bupropion) in major depressive disorder: 
A randomized double-blind controlled trial. Am J Psychiat 2022

▪ Bupropion: CYP450-2D6 inhibitor

▪ Dextrometorphan: NMDA antagonist

• (Auvelity)

> Phase 2 RCT, 35 vs. 39 pat., MDE, 18-65 J, moderate to severe depression

> 45 mg/105 mg (dextrometorphan/bupropion) p.o. vs. bupropion 105 mg p.o.

> 1 x / d for 3 d, then 2 x / d for 6 w

> Primary endpoint: MADRS



Esmethadone – phase 2 RCT in MDE

Fava et al,, REL-1017 (esmethadone) as adjunctive treatment in patients with major depressive disorder: A phase 2a randomized double-blind trial. Am J Psychiatry 2022

Press release Relmada Therapeutics 2022

> Esmethadone = NMDA-R antagonist

▪ 7 d phase II study

▪ N = 62 (3 x 21) MDE pat., DTD (1-3 treatment attempts)

▪ RCT, 25 mg, 50 mg esmethadone, 
placebo

▪ Rapid action after 4 d

▪ Persistent until 14th d

Esmethadone – phase 3 RCT in MDE



N2O/nitrous oxide/laughing gas
NMDA-R antagonism

Nagele P et al Biol Psychiatry 2015 Kronenberg et al, Eur Arch Psychiat Clin Neurosci 2022

> 1 hour, 50%
RCT Tolerability

> 20 TRD pat., 1 h: 50% N2O/O2 vs. nitrogen/O2

NMDA-R antagonism Euphoria, abuse
Jevtovic-Todorovic V et al. Nat Med 1998
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5-HT

Psilocybin              Magic Mushroom



Placebo>Psilocybin
Exclusion>Inclusion

ACC, p < 0.05 (FWE), 
T = 5.79, N = 21

Pain of feeling excluded

Exclusion rating

*

Psilocybin: 
emotional pain of social exclusion

Preller et al. PNAS 2016

> Psilocybin reduced

▪ social pain

▪ ACC BOLD activity reduced

Placebo Psilocybin



Psilocybin:
in TRD, 6 months effects

Carhart-Harris et al, Lancet 2016
Carhart-Harris et al. Psilocybin with psychological support for treatment-resistant depression: six-month follow-up. 
Psychopharmacology (2018) 235:399–408

2 x psilo



RCTs

Unmedicated MDE Placebo-controlled

SSRI-controlledDose response

Placebo-controlled

Raison et al 2023

Goodwin et al 2022 Carhart-Harris et al 2021

von Rotz et al 2023Davis et al 2020



Long way from evidence to approval

Norring SA, Spigarelli MG,, Drug Design, Development and Therapy 2024:18 1143–1151; doi. org/10. 2147/DDD T. S443177 



LSD - lysergic acid diethylamide



LSD in GAD and comorbid 
symptoms of depression

Holze F et al. Biol Psychiatry 2023, 93:3, 215-23, doi:10.1016/j.biopsych.2022.08.025

Anxiety ratings STAI

Depression ratings HAMD-21

Pat. w/ and w/o life-threatening somatic disorder

Pat. w/ MDE



Ayahuasca

Banisteriopsis caapi: harmaline (MAOI) 
Psychotria viridis: N,N-dimethyltryptamine (DMT)



DMT in MDE

Routledge et al., Efficacy, Safety & Tolerability of SPL026 (DMT fumarate) with Support Therapy in Patients with 
Major Depressive Disorder: Phase IIa Proof of Concept Study, CINP Poster 2023

> SPL026 was demonstrated to have a very good safety and tolerability profile in patients with MDD; no treatment-related 
SAEs and all treatment-related AEs were mild to moderate

> The proof-of-concept Phase IIa study met its primary endpoint with SPL026 demonstrating a rapid and durable 
antidepressant effect out to 6 months post-dose when compared to placebo as assessed using the MADRS scale

> No significant difference observed between a 1- and 2-dose regimen, indicating that just one dose of SPL026 with support 
therapy is sufficient to elicit this durable antidepressant effect
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Big hopes

Illustration by Gizem Vur, from Paul Tullis, News Feature, Nature 27 January 2021



MDMA 
for PTSD

scientificamerican.com



MDMA for PTSD
MAPP2 study

Mitchell et al. MDMA-assisted therapy for moderate to severe PTSD: a randomized, placebo-controlled phase 3 trial. 
Nat Med 2023;29:2473-80.

> 3,4-methylenedioxymethamphetamine-
assisted therapy

> entactogen that promotes monoamine 
reuptake inhibition and release 
(primarily by inducing conformational 
change of pre-synaptic transporters)



MDMA for PTSD

www.nature.com, 5 June 2024

> But FDA scientists 
themselves had a 
number of concerns 
about Lykos’s studies

▪ lacking crucial 
psychological and 
physiological safety 
data

> Blinding – major 
concern was the fact 
that participants — and 
their therapists —

▪ could almost always 
tell whether they had
received MDMA or a

placebo
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Compassionate use of non-registered 
compounds in Switzerland

> Special law in Switzerland 2015

> Permission for individual cases 
through Federal Office of Health

> No clear criteria

> Currently guidelines developping



2nd opinion clinic for TRD @ PUK



Psilocybin – clinical implementation
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Inpatient psilocybin group therapy



N2O
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Mechanisms of action

Holze F et al. Biol Psychiatry Cogn Neurosci Neuroimaging 2024, doi:10.1016/j.bpsc.2024.01.007
Heifets BD, & Olson DE. Neuropsychopharmacology 2024, 49:1, 104-18, doi:10.1038/s41386-023-01666-5
Funk D et al. Neuroscience 2024, 539:1-11, doi:10.1016/j.neuroscience.2024.01.001
Heifets BD, & Olson DE. Neuropsychopharmacology 2024, 49:1, 104-18, doi:10.1038/s41386-023-01666-5

receptors / circuits / neuroplasticity / psychotherapy

Preparation Drug administration          Integration



Psychotherapy or safety measure?

Goodwin GM et al. Am J Psychiatry 2024, 181:1, 20-5, doi:10.1176/appi.ajp.20221043

> Psychotherapy-supported psychedelic treatment rather 
than psychedelic-assisted treatment



Neuroplasticity

1 Olson. Psychoplastogens: a promising class of plasticity-promoting neurotherapeutics. J Exp Neurosci, 2018
2.Shao et al, Neuron 2021, 109, 2535 - 2544
3.Casarotto et al., 2021, Cell 184, 1299 – 1313

1Ketamine

2Psilocybin

3 Classic ADM



Connectomix

Petri et al, Homological scaffolds of brain functional networks. J R Soc Interface. 2014 Dec 6;11(101):20140873.

placebo psilopsybin

15 healthy volunteers after i.v. infusion of placebo and psilocybin



Is psychedelic experience necessary?

Hashimoto K. Eur Arch Psychiatry Clin Neurosci 2024, doi:10.1007/s00406-024-01770-7
Vollenweider et al 2010; Olson DE. ACS Pharmacol Transl Sci 2021, 4:2, 563-7, doi:10.1021/acsptsci.0c00192
Kozak Z et al. Expert Opin Investig Drugs 2023, 32:10, 887-900, doi:10.1080/13543784.2023.2273493
van den Berg M et al. Psychopharmacology (Berl) 2022, 239:6, 1853-79, doi:10.1007/s00213-022-06106-8
Niciu et al, J Affect Disn2018



“He cures most successfully in whom the people have the most confidence”

Patients' and doctors' expectations

Galen, 129 – 217 AD)



Patients' preference

Mergl et al, Psychother Psychosom 2011;80:39-47 49

➔ preferred treatment more efficacious

➔ non preferred treatment: AMD > PT

Sertraline CBT



Expectation effect and opioid 
receptor sensitivity in depression tx

Pecina et al, JAMA Psychiatry. 2015; 72(11):1087-1094; doi:10.1001/jamapsychiatry.2015.1335

Association between PL-induced activation of u-opioid receptor mediated 
neurotransmission and open label ADM response 



Economy

bloomberg 30 May 2021 Compass / Lykos 4 June 2024



Game changers?



Game changers?

Kalfas M et al. Expert Opin Pharmacother 2023, 24:18, 2117-32, doi:10.1080/14656566.2023.2281582
Alpert J et al. American Psychiatric Association 2022:
https://www.psychiatry.org/getattachment/d5c13619-ca1f-491f-a7a8-b7141c800904/Position-Use-of-Psychedelic-Empathogenic-Agents.pdf

> Expert Opinion, Stand 2023

▪ Psychedelics may represent a new era of treatment in psychiatric disorders.

▪ Treatment-resistant depression (TRD) is prevalent and associated with a significant burden, highlighting a demand for novel 
treatments.

▪ Preliminary evidence suggests that psilocybin is effective and safe in TRD.

▪ Evidence on the efficacy of LSD, DMT, 5-MeO-DMT, ayahuasca, mescaline, and MDMA in TRD is limited.

▪ Psychological support is an important component of treatment with psychedelics which serves to maximize benefits and mitigate
potential adverse reactions.

▪ Further research is needed to confirm efficacy and to understand the mechanisms and long-term effects of psychedelics in TRD.



Psychedelics pipeline

Barksdale BR et al. Neurotherapeutics 2024, e00322, doi:10.1016/j.neurot.2024.e00322



Weitere Indikationen....

Natoli S, et al. Med Sci (Basel). 2025;13
Mehtani NJ, et al. J Psychoactive Drugs. 2025:1-10
Wittenkeller L, et al. Br J Pharmacol. 2025



... perspectives for the future ...

1. Armstrong and Davis, Science Editorial  - 19 Sep 2024, Vol 385, Issue 6715, p. 1255, DOI: 10.1126/science.adt1024
2. Madero S, et al. Lancet Reg Health Eur. 2026;61:101537

... the future of psychedelic therapy lies not in simplifying its 
complexity, but in embracing it.

https://doi.org/10.1126/science.adt1024
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