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Brief History of Psychedelic Research T S
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Clinical Revival with Psilocybin / LSD

R Hmﬁ[ﬂ;‘/’ﬁ \ ) Depression/Anxiety in terminal ill patients
1 L . >4 g : (Grob et al. 2011, LSD: Gasser et al. 2014)
LSD Dl Psilocybin US:Schedulel ~ 5-HTagonist "=/~
‘fander-BUSh) G Depression (TRD/MDD) (Carhart-Harris et al. 2012)
Alcohol dependence (Bogenschiitz et al.2015)
. . 437
1947: LSD as tool to study the mind and brain
1948: LbD as an ajunct in depression therapy ‘ I
_ * Depression (64-68% . I
v 5 Psycholytic Therapy (EU: Sandison, Leuner; low-dose, repeatedly) P ( °) OI'I_O
@ j - Anxiety in cancer patients (56-70%) 2016 2025
Psychedelic Therapy (CAN/US: Osmond, Pahnke, Cohen; 1-2 high doses) « Alcohol dependence (46%)

1975-1986: Psychology of Altered States (ASC) (Dittrich)

1988-ff : Compassionate use (Swiss Soc. Psycholytic Therapy)

1992-ff: Neuroscience of Psychedelics

[ .

Volllenweider and Kometer Nat.Rev. Neurosci. 2010 2018-ff: Translational Animal Research




Correlation between Mystical-type experience/OBN and outcome in Health and depression

* Total score of “mystical-type experience” or positive experienced ego-dissolution obtained through subjective
psychometric ratings has been reported to mediate lasting beneficial outcomes in healthy and depressed individuals

Mystical Experience on Session Days Presdicts
Change in Anxiety at 5-weeks Post-Psilocybin
10 7

openness Media Hype

0 r=042,p=0.002 s * depression/anxiety
x 0 b < 0.0001
i . _
o Pe

B

109 o + "0 7
R X - How to Change
20 - . o 2 Your Mind

Change in Openness
(T-score difference)

L
=

HAM-A Change Score
(5 weeks post-session minus baseline)

i .
25 . .

|
R
=

20 40 &0 a0 100 -30 4 . .
=35 - T T T T 1 '
0 20 40 60 80 100 yin Add

Mystical Experience

- f About
(percentage of maximum possible score)

. Mystical Experience Questionnaire (30-ltem)
Healthy subjects Total Score (% of maximum possible)
(end-of-session rating)

YITTASLSTS STNIL NUOA MAN 14

.Michael ‘Pollan

=

* experience of unity
Mediation Model: o i jectivi
. & OBN or «Mystical-type «experience

Indirect Pathway (ab) 2 .
/f—\ + altered space-time is a composite of
sense

a

Psilocybin vs Direct Pathway (¢’ Anxiety/ . o
e —»  Depression * Ineffability « self-dissolution
Treatment . »
ab = Indirect effect of psilocybin on anxiety/depression mediated by mystical experience . positive emotions ® altered em OthI’l pFOCGSSIng
¢’= Direct effect of psilocybin on anxiety/depression not mediated by mystical experience « sacredness

* noetic quality

Griffiths et al. 2016, 2011, Ross et al. 2016, MacLean et al. 2001, Smigielski et al. 2019



THE

DCARS

OF PERCEPTION

mcwo:s HEAVEN AND HELL

ALDOUS HUXLEY;

NOT OF BEAYE NEW WONLD.

40
.r(_“ —S

1954 Mescaline, LSD

Aldous Huxley

Die ewige Philosophie

Philosophia perennis

1945 Perennial Philosophy

Aldous Huxley

Unitive mystical experience (UME):

Touching the Ground of beeing
it is not a core of all religions,
makes no claims about God

Consciouness is primary to the
univers & fundamental to reality
* noetic, aesthetic, and beneficial
qualities

Schelling's idealistic worldview
(unity of mind-nature)

PERENNIAL
PHILOSOPHY

Perennial Philosophy
Reloaded
Dana Saywer 2025

THE JOYOUS
CQSMOLOGY

ALAN W. WATTS ’

1962 Allan Watts, ZEN

“psilocybin can facilitate profound
meditation on our perennial questions
about the nature of existence, when
accompanied with sustained philosophical
reflection by a person who is in search, not

of kicks, but of understanding.”

“if you got the message, hung up”

Atiologie-unabhingige
{ Strukturen veranderter
{ Wachbewufltseinszustande

Ergebmsse empirischer Untersuchungen

iiber Halluzi 1. und II. Ord

sensorische Deprivation, hypnagnge Zustande
hypnotische Verfahren sowie Reiziiberflutung

= Enke

Empirical defined Basic
Dimensions of ASC
1985 Adi Dittrich

* Meditation

* Hypnosis

* Trance

* Sensory Deprivation

* Sensory Overload

* Psychedlics and others



Chemical Classification: Serotonergic Hallucinogens or Psychedelics

*  Tryptamines (Indoleamines) * Ergoloides * Phenylethylamines

N\
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DMT in Ayahuasca Psilocybin LSA LSD Mescaline



http://psychotropicon.info/wp-content/uploads/2011/01/bufo_viridis.jpg
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Unveiling the Secret of the Mysteries
by R. Gonlon Wassoa, Carl A_ 1" Ruck, Albert 1 lofmans
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Wassen, Ruck, Hofmann 1965




Classic Psychedelics: Phenomenology - first-person perspective

Altered Waking State of Consciousness

(ASC):

L _ Selflessness
characteristic changes in:

Sensory Perception Non-dua Iity Cognition
*  sensory perception space-time, imagery mode of thinking
* emotions, mood Self/ego-
boundaries

*  cognition, meta-cognition
« self- & self-other boundaries
« dream-like state up to a state of unity

Such experiental phenomena are otherwise rarely
reported except in dreams, contemplative states,
religious exaltations, and psychotic states

Self-reference

Self/other
Affects, Emotions boundaries Social cognition
arousal self-environment
l:'\ (A —
L @M -

i 2
Visions Samahdi Satori mysical Fana
ecstasy Moshka Kenso rapture Ma'rifa

Nichols, Geyer and Vollenweider Encyclopedia of Neurosience 2013



Psychological Dimensions of Altered States of Consciousness (ASC: 5 main factors)

5D-ASC Rating Scale (96 visual AS)

Second order Scales:

* elementary /complex imagery
* synesthesia

* changed meaning of percepts
* recollection of memories

,»Altered Perception®
-Visionary restructuralisation: VR

Altered Vigilance Acoustic Alterations
,Positive Self-dissolution »,Negative Self-dissolution
_ Self/ego ) —
| boundaries ; . .
-Oceanic self-boundlessness: OBN medium doses ™. /" higher doses -Dread of 990.'d|550|Ut|°n- DED
l e.g.psi< 25 mg) - - e.g.psi> 25 mg) v

Second order Scales: Second order Scales:

* loosening of self-boundaries: » fear of loss of thought control
experience of unity/connectedness * fear of loss of autonomy
disembodiment * thought disturbances
positive emotions — bliss * anxiety, panic, delusions

altered space-time sense

insightfulness . * experience of unity
spiritual experience MEQ (30 categ. items) * inner subjectivity

i A ego-loss
(Mystical Experience Scale) ahared space-time sense
OBN-tot Score > « ineffability
R=0.68-0.8 MEQ-tot Score * positive emotions
sacredness

noetic quality

Dittrich 1985, 1998: (n=345), Studerus et al . 2010, 2011 (n=312) Hood 2006, 2016, Hood et al. 2009, Barrett etal 2015



Multiple factors influence the Dynamics of the Psychedelic Experience and Outcome

Preparation/Instruction:
* turninward, surrender
* focus on the present moment,

* encourage self-observation
OBN (OceanicSelf-
boundlessness)

I t

Pharmacological Factors:
© Dose

/«Set» and core processes

| pesrally ot ogeress
previous experiel 20-25mg
* emotion regulation
-Acceptance (+) N B
-Suppression (-)
 absorption capacity, attention 12-20mg
* mood state (past 7 days) 1012 mg

«Setting»: environment, music
\ / "
:

multiple
Mediators ? Outcome
Quality and :.“ llllllllll .llll.l llllll ..“
i i | il : Sustained reduction
intensity of acute postacute : _
sychedelic _> . i :—> in symptoms and
i i Interventions ] changes in behavior
experience («learning»)
% neuroplasticity
* Non-duality _
* Selflessness * content * well-being
* «Peak» experience (34%) (narrative) « Acting with awarness
* flexibility

—
* autonomy

Loosening of
self-boundaries

Autosymbolic imagery %

* insight (into attitudes)

unconstrained thinking
* emotional breakthrough

arousal, emotion activation

3-6mth

v

* Mindset, expectancies v
(participant, therapist) ? 6o

* Therapist-patient relationship . u&
(alliance, trust, empathy)+ &

* Therapeutic model ? . .
Preparation sessions

' - ot 11
’ ws

Dosing session Integration sessions
Vollenweider and Smallridge 2023



Psycho-Dynamics of the Psychedelic Experience and ZEN THOUGHTS
WITHOUT A
THINKER

PSYCHOTHERAPY from a
BUDDHIST PERSPECTIVE

Meditation practice Non-duality; Insight, emptiness

Self-focused 4 understanding the representational
Self-inquiry > nature of experience (non-permanance)
(open awareness) 4
L. MARK
o self-inquiry ‘ I
If - I 0 7 \ \ I
OSI\f "I” ationa DR ooceani@boundlessness «Dread of ego-dissolution» «Regression» of the self’s
egalomanla dissolution of self-boundaries Self-fragmentation synthetic «functions»
: (remnent observer ) anxiety (cohesion)
Autosymbolic Y
imagery T
A * Insights: revision of

(avoidance related)
beliefs and schemas

focused attention |—»

A
* animistic thinking
e unconstrained *  Cognitive diffusion
A
A -
Non-judgmental e  Emotional R Challenging emotions Lowering «defence»
acceptance | Breakthrough Anxiety, panic cognitive control
reappraisal o
decentering
- Lack of acceptance
. recall.of mer.nor.les __________________ N decentering
* Emotion activation attention
* Arousal, sensitivity open awarness|

E— * Altered body sensation
y adapted from Vollenweider 2018




Mapping the brain -mind-behavior space relationships along the psychedelic spectrum

H3C\n~CH3
on Psychological Dimensions:
N Receptor/Synapse Microcircuit Neural System _ .
. ) (1.Person Perspective)
/ Subjective Experience
6 ) (@& S Explanatory
o out Gap
o) ﬂ‘b ----- + correlational:
@ \ c c
S Neuroscience-based Concepts:
8 (3.Person Perspective)
=
> BN N e TR R AT e T e +
2 \ - cognitive, emotional and
8 l NMDA Conductance E-1 NMDA Conductance E-E - perceptual proceSS|ng
e.g synaptic gain e.g. acute change in functional connectivity
| (neuroplasticity and IongterrAn change?)
[ [ e \
kl Q o
S — EEG/MEG (msec)
. : Resting state / task (ERP
PET, MRS (20-60 min) fMRI (2 sec): (MRS) g (ERP)
' - Resting state / task:
Resting state: . spectral power
N N L L * synchronisation , long -range oscillations
+ activation/deactivation « activation/deactivation (ASL) y - J J
- ) . . « complexity (e.g. entropy)
* receptor density /occupancy » functional and directed connectivity
+ transmitter release « complexity (e.g., entropy, granularity)

TMS-EEG (msec)

@ * e.g. Pertubation complexity index (PCI)

TMS-EEG

(adapted from Anticevic et al. 2013, Vollenweider and Smallridge 2022)



Psychedelics: Primary and downstream mechanism: 5-HT2A agonists

L 5 N N Ny a
' E ! Y § 60
Serotonin im Gehirn Psilocybin Psilocin DMT LSD . % 0
S allosteric 2
modulators of £
8 TrkB
pl psi k1 k2
b -
+ + %‘i‘ éﬁ 5-HT2A antagonist
W “’} Ketanserin
O VREYom s
5-HT 5,6 5-HT1 D2 D1 al a2 =l ZF Vollenweider et al. 1998
L ‘:‘ft‘ &\ J(Z(
300+ + + m G I U R2 \‘;'__ ;J :
Sy GABA  Dopamine Glu AR molineretal 2023
N release
, sensitivity
Layer V pyramidal neurons AMPA ——> BDNPF mTOR >TrkB> ne
(Aghajanian and Marek 1999) .
Human studies: .
NMDA ——— Learning, memory Ly etal. 2018
MRS: mPFC GABA(+)  PET: DA (+)ventr. Str. MRS: PFC GLU (-), Hipp Glu (+) De Gregorio et al. 2020
Shao et al.2021

Mason et al. 2020 Vollenweider et al 1999 Mason et al. 2020



Serotonin 2A receptor occupancy and Positive self-dissolution (OBN) correlates with
oceanic self-boundlessness (OBN) decreased 5-HT2AR Binding Potential

change BP(psi-pla) z-score

> approx. 58-61% 5-HT2AR
occupancy across cortical
regions

Basal ganglia: approx. 48%

-20
5 10 15 20 25 30 35 40 45 50 55
Decrease of ['®FJaltanserin DV’ following PY OBN and 5-HT2AR occupancy: 0B
3.2
3.0
Il Pacebo * Dorsomed. & dorsolat. prefrontal cortex
2.8 I Psilocybin dACC
°
26 . . . .
9 - temporal Cortex Correlation with subjective effects
29 * angular Cortex - i T—
2.0 * insula
21.8 75-
1.6 % g
14 g = s
g g
1.2 £ E
10 25
0.8 -
0.6 - R
DLPFC OFC FMC AC MTC oC TC PC BG TL Occupancy (%) Plasma psilocin concentration (ug/L)

PET - Regions of Interest ® seeciomg @ Seecidiamg) @ St s(Wngl @ St TRéng)

@ Seecimeg @ Sewci(Sng) @ Sttpang @ Sics pomg)

Hasler et al. 2011
Hasler & Vollenweider 2011, Quednow et al. 2012 Madsen et al. 2019



Psychedlic-induced changes in resting state global brain connectivity (GBC) and disembodiment
Psilocybin and GBC (n=23)

Change over time baseline pla FC predicts
A B - C (dose) change of FC under psi
Main Effect of Psilocybin Cver Time @
Sl ’ 160{n,2 =0.82 connectvity =0.76
N{\i - & 0.004 :r'?.’:‘/ P P
N %%3%%%{3 : :
left -+ - right ".;":Iq*- -k ;h-v«am A g IR a
X &5 - ; *
pooL-@& ________
.. TN ' 5,005 _0.010
-0.01 001 0.00 0.01 20 40 70 GBC, Pla, mean
Hyper-connectivity Hypo-connectivity time (min)
LSD and GBC (n=24)  2HT2A Cortical gene expression maps correlate LSD: Dysconnection of somatomotor
LSD-induced changes in GBC Network correlates with disembodimen{&OB)
A Iy between all expression maps & A GBC F 1 A somatomotor Network 100 pp— .- .
0 y\ﬂ‘.-ﬁ*;\ 55'3“;\.‘ E]ﬁo;\ T_\q":l'@:\ 8 O: _ p<0.001, B.c.
tiﬂqﬂ‘P ?‘\?_« E#QGQ,\ Tﬁm\ ‘fﬁ@ %g_ § "
£o £ 50
. £
2 J:
o 075 % 25
Iy (% GBC & gene maps) 2
- 0

-0.010 -0.005 0.000 0.005 0.010
e FZ mean connectivity, LSD - Pla change score

Preller et al. eLIFE 2018, Preller et al. Biol. Psych.2019, Burt et al. elife 2021



Proposed system mechanism of Psychedelidinduced changes in global brain connectivity

i |
CSTC model

Sansory
mriex

Association
corex

\\4 /f’:; (striatum)

47

i—

e
sensory

input (int./ext.)

Thalamus

limbic input

PAG,

brainstem

Reduced thalamo-cortical gating

/
Ventral A
striatum

Thalamus

Sensory cortical areas

Association cortical areas
— Increased connectivity

—+ Decreased connectivity

increased Tha —Sens.Cx

Vollenweider and Geyer 2001, 2008, Vollenweider and Preller Nat. Rev. Neurosci. 2020

Psilocybin

m -
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— o3
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S8 8

Engagement (# of voxels)
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TIC-3 p=0.008

~I
Placebo Psilocybin

TIC-5 p=0011

Placebo Psilocybin

TIC-4 p=o0s84s

Placebo Psilocybin

TIC-6 p=0701

Placebo Psilocybin

ic10.ic16

ic11.ic14 *

ic11.ic17

ic16.ic17 o

ic02.ic03

*
*|*
*

ic02.ic08

ic02.ic09

ic03.ic17

ic03.ic05

ic03.c09 [ %%

ic04.ic13

ic05.ic07

—P ic07.ic11 *

ic08.ic13

c08.ic17

ic09.ic10

ic09.ic13

ic09.ic15

Gaddhis et al. 2022

-06

-08

b
REBUS model

Bottom—up
‘”P‘d."“"“ l pradiction
STars

Reduced precision of high
level priors > relaxed beliefs

Carhart-Harris et al. 2019

CCC model

Sansory
corbex

Disruption of claustrum-
cortical circuit

Barrett et al. 2018



LSD: Change the experience of self and self body image

Peak effect (2.5 h)

R.P. Hartmann 1976, Malerei aus Bereichen des Unbewussten, Kiinstler experimentieren mit LSD (n=125) (MPI, Munich)

time

Kinstler (n=30) wie
Mac Zimmermann
Erich Brauer,
Arnulf Rainer,

F. Hundertwasser
Alfred Hirdlicka

F. Scheurer

und weitere



Neurocognitive approach to self representation and bodily self experience: predictive coding

> predictive codes integrating bodily states and sensory inputs
are thought to give rise to self-awareness (bodily awareness)

the brain learns to model and update the predictions across multiple
levels of representations (e.g.body perception) and to minimize surprise

at each hierarchical level, top-down predictions based on current Psychedelics may impair prediction error signaling,
beliefs (priors) are subsequently compared and matched with e.g.relax the precision of highlevel priors,

bottom-up lower-level representations which may be linked to altered bodily self experience
a discrepancy between the predicted and the actual incoming bottom-

up content produces a predictions error (PE) signal top-down

Top-down attentional processes

Predictions ,** Lg _. s /% <\
/ ( \

/-\ i W

3 Predlctlon errors
\/ (mismatch response)
f\ Prediction errors
\ 5 (mis

) raJC\hresponse)
L internal stimuli
Sensory input

ot @ € tactile, auditory

Bottom-up A

Ho et al. 2018, Stefanics et al. 2014



Effect of Psilocybin on prediction error(PE) processing for tactile mismatch responses:
EEGIMRT co-registration and bodily self experience

* Healthy subjects (n=20), Psilocybin (0.24 mg/kg) vs placebo —  fMRI: BOLD Activation for Placebo in the
Deviant > Standard contrast

* toinvestigate PE processing, a roving tactile mismatch paradigm
was used

* toinduce tactile mismatch responses,
trains of stimuli were applied: switched randomly between
double pulses of high and single pulses of low intensity,
after a variable number of 3 to 7 repetitions

5 < 5 s Unpredicted stimuli (D) versus Standard
| High M. | MM M M M MMM produced activations in brain regions
=+ T v T l involved in body-awareness:

: D S D s
Dlow AL A A_A_A I W W S W
(Tia SOA=2 S Repetition = 3-7 * ventral MPFC and dorsal MPFC
— > : *  mid-cingulate Cortex
D =Deviant Time .
S = Standard bottom-up . primary somatosensory Cortex
* insula
«  Unpredicted stimuli: Deviant (D) *  thalamus

Diirler et al. 2021 Allen etal. 2016, Nagai & Asada 2015



Psilocybin induces aberrant prediction error processing for tactile mismatch responses

e Psychometrics: Unity, Disembodiment

* ERP: Psilocybin reduced MMN in
frontal Cortex electrodes

E100 1 mPla mPsi
5 A B
E 80
ﬁ
g 60 2
2 1 *
s 40 OW\M‘/W\/\M 37 o [
&2 3
L - 5
= o 3, 2o
Fp1 3 5
& % -5+ o
Qz‘\ <! y 4
R A . e
-l‘ \/W W”\/ o~ o
I I
-2

] 1
Fp1 Fp1 Fp1 Fp1
Standard Pla  Deviant Pla  Standard Psi  Deviant Psi

Lol

+ fMRI: Psilocybin reduced the response to T e T
unpredicted stimuli versus standard in brain
regions implicated in bodily-awareness e MMN change and Altered Self-Experience

I

m Pla = Psi r=0.58
»08 1 100 ® o
< & 1) ventral Medial PFC -
* 30l 2) dorsal Medial PFC o o
> * * [HT] 50 .
- g 3) Thalamus a ® @)
N 4) Sensory cortex ®
0.8 + 0 1."
& &L
N &
RS 2 0 2 4 6 2 0 2 4 _ 6
tactile MMN TuV], AF2, Psi tactile MMN TuV], AF2, Psi

Psilocybin alters integration of tactile
stimuli through (top-down) abberant
PE signalling

reduced tactile MMN responses at frontal electrodes correlates
with altered body- and self-experience: disembodiment and
feelings of unity (connectedness)

Durler et al. 2021



Psilocybinassisted Meditation Retreat 1 ZEN

Study 1 (fMRT): 4 groups (5 pla and 5 psi per group)

Participants: 40 (23 male)

* Mean age: 516y
* Meditation experience > 6000 hours, retreat experience
» 34 Zen, 6 Vipassana practiticioners

* double-blind, parallel subject design
placebo or psilocybin ( 0.315 mg/kg)

15h/day structured program / silent retreat:

- mindfulness based sitting meditation (8 x 15 min)(zazen)

- 5x 10 min indoor and 2 x 30 min walking mediation (kinhin)
- 75 min mindful physical work (samu)

- interleaved with recitations, meal

Study 2 (acute EEG): 20 (12 male), pla/psi (0.315 mg/kg)
Study 3/4 (Novices): 20 (10 male), pla/psi (0.315 mg/kg)
Research Team:11

» MDs (internal medicine, psychiatrists)

* psychologists
+ 1 ZEN master




ZEN Meditation Retreat and psilocybin

Potential mediators of acute
psychedelic experience

Personality factors (Neo-FFl)
Optimism towards life, age, previous MExp

Trait mindfulness (FMI):
* attention, presence+,
* non-judgmental acceptance +

Emotion regulation strategies:
* suppression -, reappraisal +, decentring +

Set: Potential mediators of acute response

Acute response

Psi/plac
* 5D-ASC
e M-Scale

Postacute
responses

Follow-up outcomes

Life Changes Inventory Revised
Persisting Effects Questionnaire

Postacute responses: MF, MD, fMRT

A

State Mindfulness: openness, inner awareness, acceptance: +

Trait/state

mindfulness

Meditation Depth: relaxation, self-trancendence

-1d
fMRI: RS, focused and
and open mediation

fMRI: RS, focused

and open mediation

4mt 6mt



Results: Mindfulness. Medition Depth and Psychedelic experience during the retreat in ZEN experts

40

38

36

34

32

TMS score

30

28

26

= Placebo
~&- Psilocybin

Day 1 Day 2 Day3 Day4 Day 5
Meditation retreat

Mindfulness

105

100
95

90
85
80

MEDEQ score

70
65

60
55

75

== Placebo
“m- Psilocybin

50

Day 1 Day 2 Day3 Day4 Day 5
Meditation retreat

Meditation depth

Smigielski et al. Nat.Sci.Rep. 2019, Vollenweider et al. 2025

MEQ tot Score
180 :
o
S 160 A
(7]
: A
S 140 A
3 : :
8 120
11 5D-ASC subscores 2 A A
: 100 | eeeeeemrmremaenas i .......... e
Changed — % 80 A experience
meaning of Spiritual = a
percept quperlence 7 60 ﬁ
2 40 8 4 Raw Data
Audio-visual E ~ Group Means
synesthesia 20
Placebo | Psilocybin
Acute effects (Day 4)
Eli;n;zr;t;ry Insightfulness
MEQ-Subdimensions (Experts)
Complex . . . .
imagery Disembodiment s experts pla === experts psi - 3 experts pla high
Anxiety paired control Inner-Subj
and cognition 20
==placebo retreat ..,
—psilocybin retreat 315 ug/kg . S .
psilocybin laboratory 315 ug/kg Noet Quality .37 =1, - Unity
Comparison with controls
in lab environment Sacredness  * Time-Space
Pos-Affect™ Ego-Loss

Ineffability



Results :Psilocybin-assisted Meditation Retreat

Delta

EEG Frequency EEG Power changes for Pla Oceanic Self-
Bands vs Psi from Baseline to Peak boundlesness

Theta

Alpha

Beta

Gammal

Gamma 2

Study 2 (acute EEG): 20 (12 male), pla/psi (0.315 mg/kg)

Study 3/4 (Novices): 20 (10 male), pla/psi (0.315 mg/kg)

N

3
\‘é.
il

i

IF & -

I{RI( . . -

il || 1 )i 1l 1IN

‘/ )il ) )i|°1\ )i|°1\ )

i i il i il JE .
i i il : :

| nondual states

during other forms of mediation



Results : Psilocybin-assisted Meditation Retreat i Novices

5D-ASC Novices and Experts

80
60

40

OSE AlIA VUS

M pla-novices M psi-novices

MEQ-Subdimensions Novices and

Experts

=== NOVices pla === novices psi experts psi
Inner-Subj
20

Noet Quality 15-7 Unity
L 0 e
Sacredness  * » Time-Space
Pos-Affect ! e Ego-Loss

Ineffability

0 . _I [ | _. ||

AVE VIR

psi-experts

Trait Mindfulness (FMI)

28

26

24 |

22 ¢

20 ¢

18

16

14|

12+

10 ¢

Study 2 (acute EEG): 20 (12 male), pla/psi (0.315 mg/kg)

Study 3/4 (Novices): 20 (10 male), pla/psi (0.315 mg/kg)

Change in Trait Mindfulness, post-retraite

== Group pla-experts
L “TF- Group psi-experts

-

- g Y
=& Group psi-novice
== Group pla-novice
R1: 1dpre 1d post R1: 1dpre 1d post
presence acceptance




Results: Predictors of psychological responses to psilocybin on MEQ main scales and AED

Regression models Extrovertive Mysticism Introvertive Mysicism Interpretation AED

unity, inner subjectivity Ego-loss, time-space  Pos.-Affect, Sacredness,

Predictors ineffability Noetic Quality
Age 0,26
Neuroticism

Extraversion

Openness 0,21 0,22 0,20
Absorption 0,18

Optimism 0,24 0,27 0,26

Lifetime Myst Exp 0,31 0,29 0,22

Trait Mindfulness: Presence 0,27 -0,19

Trait Mindfulness

Acceptance 0,27 0,22
EmotReg: Suppression

EmotReg: Reappraisal -0,29952918 -0,39

State Mindfulness (before)

Meditation Depth

(before) 0,21
Group (pla-psi) -0,78 -0,69 -0,63



Results: Oceanic self-boundlessness (OB) mediates lasting connectivity changes within DMN network

Self-referential processing is proposed to be a pre-requisite
for the development a «concept» of one’s own self (ego)

Default Mode Network (DMN) hubs:

. d/v medial prefrontal cortex : self
anterior cingulate cortex (ACC) : self

. posterior cingulate cortex (PCC) : self-other
and tempoparietal junction (TPJ)

*  precuneus, hippocampus

* insula . body-self

Smigielski et al. Neuroimage 2019
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Psi reduced fCON within DMIN between mPFC and PCC and mPFC and
Angular Gyrus (AG) 2 days post-treatment (n=39, ZEN experts)

Recent Findings: Psychedelics and default mode network (DMN) RS Functional Connectivity

within DMN

DMN ayahuasca
DMN psilocybin
DMN LSD

between DMN nodes

mPFC-PCC psilocybin
mPFC/ACC  psilocybin

ACC-PCC ayahuasca

Decreased FC
Decreased FC
Decreased FC

Decoupling of FC
Decreased activity
assoc. subj.effects
Increased FC

Palhano-Fontes etal. 2015

Carhart-Harris et al. 2016, Preller atal. 2020
Carhart-Harris et al. 2016, Miiller et al 2018
Preller et. al 2018

Carhart-Harris etal. 2012, Smigielski et al. 2019
Carhart-Harris et al. 2012

Sampedro et al. 2012



Reduced mFPC-PCC FC correlates with increased Primary Mediators of change
persistant positive effects at 4 month follow-up

Unity Concern for others
A B & Appreciation of life
% 100 . A s
3 . Positive Affects Self acceptance
% o " A
o 60 O
E S .
8 4 O
% w
2 =
E 0 Spirituality Quest of meaning
S % i 2 3 r L 0% 1 2 3 4 (sacredness)
Positive Persistent Effects (PEQ) Positive Persistent Effects (PEQ)
15
A i Il Placebo
. I Psilocybin Personal meaningfulness of Psychedelic experience in Retreats
# *
£ # . Top 10/5:
g o5 Psilocybin: 50%/35% (Smigielsky et al 2019a,b)
@©
o i ﬁ i ' i i meaningful: 37% once a month; 21% once a year, 26% once every 5 year
S 00 ! I +T ;
g
= Ayahuasca: Top 5: 45%; spiritual meaningful: 45% ; well-being : 55%
Y
05 # (Meling et al. 2025)
1.0
o Q 2 o ®© o = ] < . . . . . .
= o E 5 -§ £ = § 5 Personal meaningfulness of Psychedelic experience in healthy participants
< ] = ; >
2 =& © ¢ 2 © £ 3 2 . L . . .
8 8 = o S E 3 & 5 Psilocybin with spiritual support: Top 5: 85%, spiritual meaningful: 96%,
S o 3 o 8 = n 2 = . .
=B 2 5 S o g B well-being 92% (Griffiths et al. 2018)
s @ 8§ O o §3 o
< n o
<

Psilocybin: Top 5: 46% (Studerus et al. 2011, 2013)

Smigielski et al. Neuroimage 2019, Vollenweider, work in progress




Psilocybin and major depression (MDD)

0.25mg/kg MDD Symptome reduction
N=56
A 30
Condi tio
b b . . . .
Thlace Sustained increase in emotional empathy
—e—Psiloc
25
: Asl B s -~ Placebo
z . . . = -
0 54 ‘g —_— g -8~ Psilocybin
o E 6 E6
= B 41 B 4-
5 : :
5 5 :
o 24 Interaction: P=0.002 S 21 Interaction: P<0.076
[h] =
T B N N : . . . : : : .
-1d +2d +8d +14d -1d +2d +8d +14d
days relative to substance administration days relative to substance administration
C 351
5
5 1 0 +2 +8 +14 o
2 n % 30 A
£
Remission: 54% S Fﬁf‘i:bi
. (] T
>enduringup to3 month =
&
8 20 Interaction: P=0.072
nteraction: rF=0.
Response: 58%
1d +2d +8d +14d ]
days relative to substance administration Jungwirth et al. 2024

von Rotz et al. 2023



Outlook:

Computational Model (5-HT2A) fits to individual subjects capture experientially relevant modes of neural variation

Empirical
2 2
Z-5C0ore

A

Group
AGBC
map

PC1 across
subjects’
AGBC maps
(neural PC1 map

5D Altered States of
Consciousness scales

E

Disembodiment —{ 1T}
Imagery - |
Meaning ===f ]}

Blissful we{ | o
Spiritual ] =
0 50 100

LSD-induced change
in conscious experience

Model

%
-

F Experiential regression maps

C

Group
AGBC
map

PC1 across
subjects’
AGBC maps

B
)

Disembodiment

Imagery

46
e g

Blissful Meaning

Spiritual

% Variance

G

75
e —
o
=
o
m —
[&]

0- I
1 Principal 10
component
(PC)

PCA performed on
five regression maps

60

% Variance
captured

Regression PC1

D

Empirical
PC2

Model
PC2

H Absolute correlation

with neural PC1 map

Regression ( 0.8
map | l | | |

. I
Regression PC 1 |

Imagery- |-
9 1m

Blissfu I_ <

Disembodimen

Meanin

Spiritua I_

Empirical Model

Burt et al. e-Life 2021




TMS-EEG pertubational imaging (integrated information theory: PCI)

MRT naviagtion, real world approach, 1200 images/sec



TMS-EEG evoked network activation during placebo and
psilocybin (PCI, information «density»; somatosensory cortex)

Amplitude (uV)

0.7 +
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0.45 |
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Auditory mismatch: Hierarchical Precisieneighted Prediction Error during sensory learning
(Single trial approach)

Model of sensory learning
Posterior:
e Outcome Precision

prediction

0 AN el imprecise prediction errors & (Sensory p)
= .- D | « ()
o - & standar I A o \ fh»;i»w‘ r confidence

E L - N nter
% el T T | Precise predictionerror < - "\ N 3 R
;i." 600 - .I' (i) = trial i J’})’J3: )‘Se§6§@§ 1 ( )
. dl1 d2 d3 d4 d5 d6é d7 d8 d9 Bellef PreCiSion
c@;\\\\:" I\\‘.O{' ) {ci;\»&\l"' IIIIII
General linear model
.: SR oy st Placebo>Psilocybin 7, Psilocybin (in contras) to ketamine) does not sig, reduce
Belief about Volatility e erenoe naves eLhe ’:PW the OUtcome preCiSIOn Zl)
N, ol 1 ~—— Psilocybin
£ \ : psilocybin reduces the expression of belief precision Z,)
i £ o N - that is informational precision implying that participants’
H.ﬂ o s 3 - confidence in their “model of the world” is diminished:
1 1 15
Usll ey iy Prediction of Transitions . . . . ..
’ ‘ A [ o o am U Both a reduction in belief and sensory precision —
* * Iime (ms arter tone onse . . . .. . .
T o U potentiates learning and may open cognitive flexibility

Weber et al., 2024, work in progress
Diaconescu, Allohverdi, Vollenweider 2024, work in progress



Mindfulnessbasednterventionsaspotentaladjunctto navigatethe Psychedeli§pace

MBI, MBCT, MBSR

FA: focused attention, concentration

OM: open awareness mediation

Presence: being in the present-moment
with attention and interoceptive awarness,

nonjudgmental, nonreactive attention
Perspective: taking on self and affects

(meta-cognition, socio-cognitive skills)

Acceptance of difficult emotions/thoughts

decreasing avoidance of emot./thoughts

Decentring

Embracing difficulties

Body work

Promoting attentional control and self-awareness

Calming, stilling the mind

Self-inquiry > insight > emptiness, non-permanance

fostering nonduality

revision of (avoidance-related) beliefs,
of self-concepts through adaptability,
fostering insight

unpleasant physical sensations, emotions, and memories
allowing and working through challenging experiences towards

emotional breakthrough and psychological insight

sustained observing non-judgmentally of one’s immediate

experience even in the presence of difficult emotions,

altered body awareness

Psychedelics: acute

* Reduce attentional capacities
* Loosening of cognitive control

may relax high-level beliefs (priors)
(alter sensory learning)

Reduce self-referential processing
increase emotional empathy

Can give rise to challenging emotions
and memories, cognitive disturbances,
rumination

Can attenuate emotional response
to negative stimuli (e.g. faces)

* alter body awareness
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