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Psychedelic effects of psilocybin correlate with serotonin 2A
receptor occupancy and plasma psilocin levels
Martin K. Madsen1,2, Patrick M. Fisher1, Daniel Burmester1,2, Agnete Dyssegaard1, Dea S. Stenbæk1, Sara Kristiansen1, Sys S. Johansen3,
Sczabolz Lehel4, Kristian Linnet3, Claus Svarer1, David Erritzoe5, Brice Ozenne1,6 and Gitte M. Knudsen1,2
The main psychedelic component of magic mushrooms is psilocybin, which shows promise as a treatment for depression and other
mental disorders. Psychedelic effects are believed to emerge through stimulation of serotonin 2A receptors (5-HT2ARs) by
psilocybin’s active metabolite, psilocin. We here report for the ﬁrst time the relationship between intensity of psychedelic effects,
cerebral 5-HT2AR occupancy and plasma levels of psilocin in humans. Eight healthy volunteers underwent positron emission
tomography (PET) scans with the 5-HT2AR agonist radioligand [11C]Cimbi-36: one at baseline and one or two additional scans on
the same day after a single oral intake of psilocybin (3–30 mg). 5-HT2AR occupancy was calculated as the percent change in
cerebral 5-HT2AR binding relative to baseline. Subjective psychedelic intensity and plasma psilocin levels were measured during
the scans. Relations between subjective intensity, 5-HT2AR occupancy, and plasma psilocin levels were modeled using non-linear
regression. Psilocybin intake resulted in dose-related 5-HT2AR occupancies up to 72%; plasma psilocin levels and 5-HT2AR
occupancy conformed to a single-site binding model. Subjective intensity was correlated with both 5-HT2AR occupancy and
psilocin levels as well as questionnaire scores. We report for the ﬁrst time that intake of psilocybin leads to signiﬁcant 5-HT2AR
occupancy in the human brain, and that both psilocin plasma levels and 5-HT2AR occupancy are closely associated with subjective
intensity ratings, strongly supporting that stimulation of 5-HT2AR is a key determinant for the psychedelic experience. Important for
clinical studies, psilocin time-concentration curves varied but psilocin levels were closely associated with psychedelic experience.
Neuropsychopharmacology (2019) 0:1–7; https://doi.org/10.1038/s41386-019-0324-9

INTRODUCTION
Psilocybin is a classic serotonergic psychedelic drug and is the
primary psychoactive compound in magic mushrooms [1]. Its
effects are in many ways similar to those of LSD and mescaline [2].
Recent clinical trials have shown that psilocybin may be an
effective treatment for neuropsychiatric disorders, including
treatment-resistant major depressive disorder (MDD) [3], cancerrelated anxiety and depression [4, 5], and for addiction to nicotine
[6] and alcohol [7]. Thus, psilocybin is an emerging and promising
drug for a range of mental disorders where existing drugs have
shown shortcomings.
Preclinical ﬁndings [8], human blocking studies [9, 10] and
preliminary data from a PET study [11] strongly suggest that
serotonergic psychedelics exert their psychoactive effects
through the serotonin 2A receptor (5-HT2AR). However, 5HT2AR target engagement of psilocybin’s active metabolite,
psilocin, as well as the pharmacodynamics, i.e., the relation
between plasma psilocin levels and 5-HT2AR occupancy, still
remain to be established. Importantly, the relationship between
the subjective psychedelic experience, plasma psilocin levels
and 5-HT2AR occupancy in the human brain is currently
unknown.

Positron emission tomography (PET) is an imaging technique
capable of quantifying receptor binding in vivo [12, 13]. Coupled
with drug administration and appropriate radiotracer selection,
PET-studies can provide valuable knowledge about relationships
between drug levels, drug target occupancy, and associations with
clinical response or side-effects [14]. In the present study we took
advantage of the recent development of a 5-HT2R agonist
radioligand, [11C]Cimbi-36 [15, 16], to elucidate the direct role of
5-HT2ARs in psilocybin’s psychedelic effects in humans. Here, we
for the ﬁrst time describe the relationships between subjective
psychedelic effects, 5-HT2AR occupancy and psilocin plasma
concentrations.
METHODS AND MATERIALS
Participants
Eight healthy participants (three females, mean age ± SD 33.0 ± 7.1
years) were recruited from a database of individuals interested in
participating in a human neuroimaging study investigating
psilocybin. After providing written informed consent, participants
underwent a screening procedure including screening for present
or previous psychiatric disorders using Mini-International
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Neuropsychiatric Interview, Danish translation version 6.0.0 [17],
neurological illness or signiﬁcant somatic illness. Participants were
healthy, see Supplementary data for complete exclusion criteria
and individual participant descriptive data. History of serotonergic
psychedelic drug use was noted for the ﬁve subjects with such
experience (number of times used: 1 [0–55] (median [range]), time
since last intake: 42 [6–156] months; Supplementary data, Table 1).
Participants were thoroughly informed about the study prior to
inclusion, including effects of psilocybin, potential side-effects,
and risks. On the day of information and screening (prior to
intervention day), all participants attended a preparatory meeting
with at least one of the psychologists present on intervention days
to familiarize with the study setting and establish a rapport. The
study was approved by the ethics committee for the capital region
of Copenhagen (journal identiﬁer: H-16028698, amendments:
56023, 56967, 57974, 59673, 60437, 62255) and Danish Medicines
Agency (EudraCT identiﬁer: 2016-004000-61, amendments:
2017014166, 2017082837, 2018023295).
Procedures
Participants underwent a physical exam, including ECG, blood
screening for pathology, and a screening for psychopathology.
Participants completed baseline [11C]Cimbi-36 PET (PET 0) and
MR imaging prior to the psilocybin intervention day (mean ± SD:
49 ± 12 days). A screening procedure for amphetamines, opioids,
benzodiazepines, barbiturates, tetrahydrocannabinol, cocaine,
ketamine, phencyclidine, and gamma hydroxybutyrate was
done using a urine test (Rapid Response, BTNX Inc., Markham,
Canada). Participants were asked to be well-rested, refrain from
alcohol the day before neuroimaging, have only a light breakfast
and abstain from caffeine on study days. On the intervention
day and before psilocybin administration, participants were
informed again about potential psilocybin effects and safety
precautions, as suggested previously [18]. Two psychologists
providing interpersonal support were present on intervention
days. During all PET scans (including baseline), a standardized
list of music was played on a stereo system in the PET room. The
playlist was adapted from one kindly provided by Prof. Roland
Grifﬁths, Johns Hopkins Medicine.
Psilocybin interventions
On the intervention day, participants ingested between 3 and 30
mg psilocybin (3 mg capsules) approximately one hour prior
(mean ± SD: 58 min ± 13) to the ﬁrst [11C]Cimbi-36 post-drug PET
scan (PET 1). Subjects 1–5 underwent a second post-drug PET scan
(PET 2) later the same day (344 min ± 41 after psilocybin
ingestion), while subjects 6, 7, and 8 underwent only PET 1 on
the intervention day. Participants were blind to the dose of
psilocybin they were given. Each scan lasted 120 min, descriptive
data pertaining to PET scans are available in supplementary data
(Supplementary Table 2). For assessment of plasma psilocin levels,
venous blood samples were taken simultaneously with the [11C]
Cimbi-36 injection and at 20-min intervals throughout each scan
session. Subjective psychedelic intensity ratings (0–10 Likert scale,
0 = not intense at all, 10 = very intense) were assessed at 20-min
intervals throughout the day until effects had waned. Between the
two intervention scans, participants listened to music in the
scanner room with staff support as appropriate. This three-scan
protocol enabled the determination of 5-HT2AR occupancy during
high and low plasma psilocin levels in ﬁve individuals. At the end
of the intervention day (mean ± SD: 468 ± 80 min after psilocybin),
participants ﬁlled out questionnaires capturing aspects of
psychedelic experiences: 11-dimension altered states of consciousness questionnaire (11D-ASC) [19, 20], the 30-item mystical
experiences questionnaire (MEQ30) [21] and the ego-dissolution
inventory (EDI) [22]. All questionnaires were administered in
Danish, having been translated and back-translated to English by
native Danish, English, and bilingual speakers.

Psilocin plasma concentrations
Plasma psilocin concentrations were determined using ultra
performance liquid chromatography and tandem mass spectrometry. Analysis was performed in units of μg/kg, although data are
here presented in units of μg/L. For detailed description of
analysis, see supplementary data.
Magnetic resonance imaging
High resolution 3D T1-weighted and T2-weighted images were
acquired on a 3T Prisma scanner (Siemens, Erlangen, Germany)
using a 64-channel head coil for the purpose of PET-image
coregistration and segmentation (T1-weighted images: inversion
time = 900 ms, echo time = 2.58 ms, repetition time = 1900ms,
ﬂip angle = 9°, in-plane matrix = 256 × 256, in-plane resolution =
0.9 × 0.9 mm, 224 slices and a slice thickness of 0.9 mm, no gap;
T2-weighted images: echo time = 408 ms, repetition time = 3200
ms, in-plane matrix = 256 × 256, in-plane resolution = 0.9 × 0.9
mm, 208 slices and a slice thickness of 0.9 mm, no gap).
[11C]Cimbi-36 PET data acquisition, processing, and kinetic
modeling
Acquisition and processing of [11C]Cimbi-36 PET data has been
described previously [15, 16], a similar pipeline was used here. PET
images were acquired for 120-min on a high-resolution research
tomography PET-scanner (CTI/Siemens, Knoxville, USA) after a
bolus injection of [11C]Cimbi-36 (Supplementary data, Table 2).
Regions of interest were deﬁned using Pvelab, a fully automated
regional delineation procedure, and regional time-activity curves
were extracted for kinetic modeling [15, 23].
Kinetic modeling was performed using the simpliﬁed reference
tissue model (SRTM) [13, 15] with neocortex (a volume-weighted
average of all cortical regions) chosen a priori as the region of
interest due to the high expression of 5-HT2ARs and the
consequent beneﬁcial signal-to-noise ratio within this region
[24]. Cerebellum was chosen as the reference region [15]. Nondisplaceable binding potential (BPND) was the primary outcome
measure [12].
[11C]Cimbi-36 metabolism
Analysis of [11C]Cimbi-36 radiometabolites was described in recent
publications by our lab [15, 25]. We did not observe effects of the
psilocybin intervention on [11C]Cimbi-36 radiometabolism or
protein binding (see Supplementary data for details).
Data analysis
Within-scan plasma psilocin area under curve (psilocinAUC) was
calculated from psilocin plasma concentration time curves (Fig. 1),
using the trapezoid method in GraphPad Prism (version 7.01,
GraphPad Software, Inc., CA, USA) and normalized by 120 min
(duration of blood sampling and PET scan) to yield a mean psilocin
concentration, which was used for statistical analyses and ﬁgures
(Table 1).
Neocortical [11C]Cimbi-36 BPND was plotted against mean
psilocin concentration and the relationship modeled using the
following equation:
Occupancy ¼

Occmax  CP
;
EC50 þ CP

where Occmax denotes the predicted highest attainable occupancy, CP is plasma psilocin concentration and EC50 is the plasma
psilocin concentration at 50% Occmax [26] Modeling and curve
ﬁtting was performed in GraphPad Prism.
Subject 1 psilocin concentrations were below limit of
quantiﬁcation (LOQ, 0.5 µg/kg) but above limit of detection
(LOD, 0.1 µg/kg) during all second scan time points. We
evaluated psilocin-occupancy relations considering LOQ and
LOD. Model parameters were similar (Occmax = 75.5% vs. 77.9%,
Neuropsychopharmacology (2019) 0:1 – 7
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Fig. 1 Psilocin and intensity rating time course. a Plasma psilocin levels. Individual data points are measured plasma psilocin concentrations,
ﬁtted with spline ﬁts. b Time course of subjective intensity ratings. Time = 0 indicates time of psilocybin ingestion

Table 1.
ID

Descriptive data related to psilocybin interventions and corresponding 5-HT2AR occupancy estimates
Dose
(mg)

Weight-adjusted dose
(mg/kg)

Cmax
(μg/L)

Mean psilocin PET 1 Mean psilocin PET 2 Occupancy PET 1 (%) Occupancy PET 2 (%)
(μg/L)
(μg/L)

Subject 1 3

0.05

2.3

1.9

<LOQ*

42.9

1.8

Subject 2 6

0.07

4.4

3.5

0.7

56.2

26.7

Subject 3 12
Subject 4 15

0.14
0.2

16.7
11.7

12.6
10.5

3.4
2.3

66.4
63.2

42.9
30.9

Subject 5 18

0.2

11.8

10.6

2.6

72.4

47.0

Subject 6 24

0.27

12.0

9.0

NA

60

NA

Subject 7 24

0.3

18.9

11.5

NA

66

NA

Subject 8 30

0.3

19.3

15.6

NA

65.2

NA

*Below level of quantiﬁcation

EC50 = 1.81 μg/L vs. 2.12 μg/L, respectively). Due to the minor
difference in outcomes, we set plasma psilocin concentrations
for all time points to the mean value (0.3 μg/kg).
We calculated the EC50 [27] corresponding to PET 1 and PET 2 for
each participant (mean EC50 ± SD: PET 1 = 4.5 ± 1.9 μg/L, PET 2 =
6.2 ± 6.0 μg/L). The determined EC50 did not differ between the two
intervention scans (paired t-test, mean difference = −1.7, 95%CI
[−10.2, 6.7], p = 0.6).
All statistical tests apart from non-linear modeling were
performed in the statistical software package R (version 3.3.1).
We chose to assess associations between occupancy, plasma
psilocin levels and subjective intensity ratings because the latter
single, compound measure of drug-intensity was acquired simultaneously with PET 1 and PET 2, which was not the case with the MEQ30, 11D-ASC and EDI questionnaires. Intensity ratings have
previously been used in psychedelics research [28]. The questionnaires were not obtained until the end of the last scan session as we
did not want to induce suggestive experiences by such a detailed
questionnaire. Further, we believed that the intensity ratings would
(1) be less sensitive to non-pharmacological modulators of
psilocybin-induced altered states of consciousness (i.e., the context
in which the drug is administrated [29]), (2) be feasible to administer
during scans, and (3) yield a better temporal resolution. Intensity
rating was stopped before the end of PET 2 for all participants (n =
5). Thus, for the purpose of calculating mean within-PET 2 intensity,
Neuropsychopharmacology (2019) 0:1 – 7

participants were asked if intensity had changed during PET 2
compared to the last recorded rating. All participants responded
that intensity had not changed during PET 2, and thus the last
recorded score was extrapolated and used to calculate mean PET 2
intensity. For the purpose of modeling the association between
occupancy and intensity, a quadratic function was used
Intensity ¼ β1  occupancy þ β2  occupancy2 ), and for the purpose of modeling the association between psilocin levels and
intensity, a non-linear stimulus-response function similar to the
max CP
occupancy model was used: Intensity ¼ Intensity
EC50 þCP . 95% Wald-type
conﬁdence intervals were computed for β1 and β2 using quantiles
of the Student’s t-distribution.
Post-hoc linear regression analyses of the association between
mean PET 1 intensity ratings and three questionnaire responses
(MEQ30, 11-D ASC, EDI) were performed. Our main hypothesis was
that the outcome of the questionnaires would correlate with
intensity ratings during PET 1. For these analyses, we report the
unadjusted (punc.) and Bonferroni-adjusted (pFWE) p-values. Further
exploratory post hoc linear regression analyses are available in
Supplementary data. The coefﬁcient of determination (R2) is
reported as a measure of data variance explained by the
respective model.
Voxel-level [11C]Cimbi-36 BPND maps were estimated using the
PETSurfer tool within Freesurfer [30] as described previously [24]
and used for visualization purposes only.
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Figs. S1–2 and Table S3 for detailed responses). Post hoc linear
regressions showed positive associations between mean PET 1
intensity ratings and total MEQ30 score (β-estimate [95% CI]: 0.34
[0.044; 0.64], punc. = 0.03, pFWE = 0.09, R2: 0.57), global 11-D ASC
score (β-estimate [95% CI]: 76.4 [27.8; 125], punc. = 0.008, pFWE =
0.024, R2: 0.71) and EDI score (β-estimate [95% CI]: 11.1 [2.23; 20],
punc. = 0.02, pFWE = 0.06, R2: 0.61). For further information, see
Figure S3.

Fig. 2 Relationship between mean within-scan plasma psilocin
levels and neocortical 5-HT2AR occupancy. Estimated EC50 [95% CI]:
1.95 [1.16; 3.15] μg/L and Occmax [95% CI]: 76.6 [67.3; 88.0]%

RESULTS
Psilocin occupancy at neocortical 5-HT2ARs
Psilocybin intake was in all PET scans associated with considerable
dose-related 5-HT2AR occupancies (PET 1 range 43–72%).
Occupancies at PET 2 were also substantial (range 27–47%) with
the exception of Subject 1 for which occupancy was 2% (Table 1;
Fig. 2).
Psilocin levels and receptor occupancy relations
We found a high inter-individual variability in the dose response
curves (e.g., maximum concentration (Cmax) median [range]: 11.9
[2.3–19.3] μg/L) Fig. 1). The relation between plasma psilocin levels
and neocortex 5-HT2AR occupancy conformed well to the nonlinear regression model. Occmax [95% CI] determined from this
model was 76.6 [67.3; 88.0]%, EC50 [95% CI] was 1.95 [1.17; 3.15]
μg/L, and R2 was 0.92 (Fig. 3).
Subjective intensity ratings correlate with occupancy and psilocin
levels
Subjective intensity ratings had a qualitatively similar time course
compared to plasma psilocin levels (Fig. 1). We found a positive
nonlinear association between mean within-scan intensity ratings
and psilocin levels. Intensitymax [95% CI] was 10.8 [8.6; 14.7] and
EC50 [95% CI] was 4.5 [2.1; 9.8] μg/L, and R2 was 0.35 (Fig. 4). We
also observed a positive association between intensity ratings and
occupancy that was well described by a quadratic relationship (β1
[95% CI]: −0.02 [−0.13; 0.1], β2 [95% CI]: 0.002 [0.0006; 0.003], R2:
0.81, Fig. 4).
Psychedelic questionnaire responses
As expected, psilocybin had profound effects on the mental state
of the participants (MEQ30 total score median [range]: 2.9
[1.6–4.5], 11D-ASC global score (sum of all dimensions) median
[range]: 428.1 [35.1–772.1], EDI median [range]: 52 [4.0–97.9]) (see

DISCUSSION
We here show that psilocybin ingestion of between 3 and 30 mg is
associated with dose-dependent occupancy of cerebral 5-HT2ARs.
Further, plasma psilocin concentration and 5-HT2AR occupancy
are positively associated and the relationship conforms with a
single-site binding model. Lastly, subjective intensity ratings are
positively correlated with both neocortical 5-HT2AR occupancy
and plasma psilocin levels, strongly supporting that stimulation of
cerebral 5-HT2ARs is paramount for the psychedelic effects of
psilocybin.
Similar to previous 5-HT2AR PET-imaging occupancy studies
with other 5-HT2AR drugs [31, 32], we found that the single-site
binding model provided a good ﬁt of the relation between drug
blood levels and 5-HT2AR occupancy, and predicted maximum
occupancies were similar. Here, it is important to emphasize that
the occupancies detected with an agonist radioligand (such as
[11C]Cimbi-36) may differ from that of antagonist radioligands
because an agonist radioligand may bind preferentially to
receptors in the high-afﬁnity state [33, 34]. Thus, given that
high-afﬁnity receptors are believed to be most important for
neurotransmission, an agonist radioligand may yield a more
relevant estimate of receptor levels.
We found the EC50 of psilocin to be 1.95 μg/L. This corresponds
to 10 nM, which is in the same range of Ki values from in vitro
studies (rat cortex) performed with another 5-HT2AR agonist, [125I]
DOI: 6 nM [35] or 25 nM [36].
The post hoc linear regressions showed positive associations
between mean PET 1 intensity ratings and MEQ30, global 11-D
ASC score, and EDI score, and intensity ratings correlated also with
both occupancy and with psilocin levels (Fig. 4). Thus, although
the participants scored their overall intensity of the psychedelic
experience based on a number of different components (e.g.,
imagery, changes in perception, stimulation of mood, feeling of
enhanced meaning, somatic sensations, etc.), and probably also as
a function of previous drug experience and psychological makeup (“set”), including personal coping style, our results show that
intensity ratings constitute a meaningful global measure of
psychedelic experience that is feasible to obtain with high
temporal resolution.
Previous studies in humans reported that antagonists at 5-HT2A
and 2C receptors can prevent perceptual effects after subsequent
ingestion of psilocybin [9, 10]. Our data show that psilocin plasma
levels correlate with occupancy (Fig. 3), that psilocin levels and
occupancy correlate with intensity (Fig. 4), and that intensity
correlates with scores of MEQ30, 11D-ASC and EDI. Thus, our
ﬁndings strongly support that 5-HT2AR stimulation is central for
psychedelic experiences in humans, and adding our ﬁndings to
the existing literature, the evidence is by now strong that the 5HT2AR is indeed the critical molecular mediator of psychedelic
effects of psilocybin.
Our model can in future studies assist to estimate psilocin brain
5-HT2AR receptor occupancy without the use of PET-imaging, by
determining plasma psilocin levels. For example, Brown and
colleagues recently reported that ingestion of 25 mg psilocybin
results in a mean Cmax of about 15 ng/mL [37]. Assuming analysis
methods of similar quality, similar stability of psilocin samples
and a plasma density of 1.02 g/mL [38], this plasma psilocin
level corresponds to 69% occupancy. There is considerable
Neuropsychopharmacology (2019) 0:1 – 7
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Fig. 3 Psilocybin occupancy of 5-HT2AR. [11C]Cimbi-36 BPND map of the cortical surface of the left hemisphere of Subject 5 at baseline and at
the ﬁrst post-psilocybin intervention scan. Color bar in units BPND

Fig. 4 Subjective intensity of the psychedelic experience at the time of the PET scan, neocortical 5-HT2AR occupancy and plasma psilocin
concentration. a Relationship between intensity ratings and neocortical 5-HT2AR occupancy. The ﬁtted line was obtained using a quadratic
function. b Relationship between intensity and psilocin concentration, ﬁtted to a single site receptor binding model

inter-individual variability in psilocybin pharmacokinetics [37, 39,
40]. Consistent with this, Cmax for Subject 3 (12 mg, 0.14 mg/kg)
was higher than Cmax values for Subjects 4, 5, and 6 (15, 18, and
24 mg, respectively; 0.2, 0.2, and 0.3 mg/kg). Importantly, our data
convincingly demonstrate that plasma psilocin levels correlate
closely with the overall psychedelic experience, and it is possible
that future clinical trials may beneﬁt from relating psilocin levels
and/or estimated occupancies to clinical effects, rather than
absolute doses.
Recently, it has been argued that psychedelic “microdosing”,
entailing a dose small enough to avoid noticeable perceptual
effects [41], comes with beneﬁts such as enhanced creativity,
social interaction and mood. Although a dose range of 0.5–2 mg
psilocybin has been suggested as a psilocybin microdose (Dr.
James Fadiman, Institute of Transpersonal Psychology, personal
communication), there are currently no data available to identify
such a cut-off. Subject 1 received 3 mg (0.05 mg/kg), had
noticeable perceptual effects and an occupancy of 43%. This
Neuropsychopharmacology (2019) 0:1 – 7

indicates that a smaller dose/lower occupancy would be needed
for microdosing studies. Based on our data, a dose range of 0.5–2
mg is a reasonable suggestion for potential psilocybin microdose
studies.
A few limitations of the study should be noted. When ﬁtted to a
single-site binding model without constraining Occmax = 100%,
we found Occmax = 77%. Possible explanations for this include
violations of kinetic modeling assumptions [13, 42], rapid
internalization of 5-HT2AR or psilocybin-associated lowering of
brain 5-HT levels. Although weaker than for 5-HT2AR, psilocin has
also afﬁnity to 5-HT 2B, 5-HT 2C, and 5-HT 1A receptors [36, 43];
the afﬁnity for the serotonin transporter (SERT) is about 100 times
lower [43]. A net decrease in cerebral 5-HT levels due to psilocin
agonist activity at 5-HT1A autoreceptors could lead to an
underestimation of occupancy due to decreased competition at
5-HT2ARs during intervention scans [44]. In vitro studies reported
that 5-HT2AR stimulation led to 5-HT2AR internalization [45–48].
We cannot exclude that [11C]- Cimbi-36, being an agonist
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radioligand, has different afﬁnity to internalized 5-HT2AR, leading
to an underestimation of occupancy. We did not observe a
difference between EC50 values of PET 1 and 2, suggesting that if
internalization occurred, it occurred either very rapidly (within a
few minutes) or very slowly (days after). For Subject 1 who
received only 3 mg, occupancy was 43% at PET 1 and 2% at PET 2,
speaking against 5-HT2AR internalization. Nevertheless, it would
be interesting to investigate long-term effects of a single
psilocybin dose on cerebral 5-HT2AR levels, as a potential
molecular mediator of the long-term effects on personality and
mood [3–5, 49]. Such a study is currently ongoing in our lab.
We did not observe statistically signiﬁcant median head motion
during PET 1 or PET 2 compared to baseline scans (Supplementary
Methods and Materials). Participants 7 and 8 exhibited maximum
motion of up to 35 and 20 mm during PET 1, respectively.
Although this could affect the kinetic modeling, model ﬁts were
acceptable and comparable to baseline scans. Our conclusions are
based on only eight participants, but ﬁve were investigated three
times which generated two occupancy measures for each of these
participants. The majority of male participants, that participants
were recruited as speciﬁcally interested in a neuroimaging study
investigating psilocybin, and the narrow age range decreases
generalizability of our ﬁndings to the extent there are sexdependent or age-dependent differences in psilocybin [50] or
radioligand kinetics and differences in psilocin levels, occupancy
or intensity ratings as a function of propensity to seek study
participation in a psychedelics research study. PET-environment
was positively correlated with anxiety during a psilocybin
intervention [51] and we cannot exclude that the PETenvironment inﬂuenced the psychedelic experience [29], making
experiences less comparable to therapeutic or naturalistic settings.
Yet, our participants experienced anxiety only to a very limited
extent (11-D ASC anxiety subscale (median [range]: 4.25 [0; 17.3]).
The study was not placebo-controlled and it is possible that this
may have ultimately affected intensity ratings. Also, we cannot
rule out that metabolites of psilocin or expectation-induced
changes in 5-HT levels could affect the occupancy estimates,
although we are unaware of evidence suggesting this.
In summary, we ﬁnd that in humans, psychedelic effects of
psilocybin are closely correlated with psilocin stimulation of the 5HT2AR, and our data allows for an objective assessment of
psilocybin effects on 5-HT2AR in future studies, by measuring
plasma psilocin levels.
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