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Abstract: Microdosing psychedelics is the repeated use of small doses of, for example,
lysergic acid diethylamide (LSD) and psilocybin, typically for a few weeks. Despite the
popular and scientific attention in recent years, and claims by users that it has therapeutic
value in affective disorders like depression, little scientific knowledge is available to back
this. The purpose of this review was to investigate whether there are scientific grounds to
state that this practice could be helpful in the treatment of affective disorders, and safe
to use repeatedly. To that end, the literature (PubMed, MedLine) was searched, looking
for (controlled) experimental studies with low doses of LSD and/or psilocybin, in healthy
volunteers and patient samples. After a selection process and the addition of relevant articles,
14 experimental studies entered this review. Findings show that both LSD (10–20 mcg) and
psilocybin (<1–3 mg) have subtle (positive) effects on cognitive processes (time perception,
convergent and divergent thinking) and brain regions involved in affective processes. Besides
the pleasant experience, increased anxiety and a cycling pattern of depressive and euphoric
mood were also found. With regard to safety, it was demonstrated that low doses are well
tolerated (in healthy volunteers) and have no-to-minimal effects on physiological measures.
While it is yet unclear whether psychedelic microdosing is of therapeutic value for depression,
the aforementioned effects on selective processes suggest that low doses of psychedelics
could play a role in depression by inducing some kind of cognitive flexibility, which might lead
to decreased rumination. While previous studies were conducted mostly in small samples of
healthy volunteers, future placebo-controlled clinical trials in depressed patients are required
to understand the therapeutic value of microdosing psychedelics, how this differs from
therapy using full psychedelic doses, and whether different psychedelics have different effect
patterns. The proposed research will give new insights into the potential of future alternative
psychiatric treatment forms that are fiercely needed.
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Introduction
Lysergic acid diethylamide (LSD) and psilocybin
are prototypical classical psychedelics. These psychoactive substances typically produce perceptual
distortions and mind-altering effects, mainly by
agonistic action at the serotonin (5-HT) 2A brain
receptor.1 Recent placebo-controlled experimental studies have also shown that LSD and psilocybin increase self-rated positive mood and social
behaviour, enhance emotional empathy, and
reduce recognition of negative emotional states
(e.g. sadness and fear).2–4 Oral doses typically

used in human research, and producing the aforementioned effects, are 100–200 mcg LSD, usually given as fixed dose, and 15 mg of psilocybin,
on average, which is usually dosed per body
weight.2,4
Psychedelics are seen as a class of substances
scoring relatively high on physiological and psychological safety when used under supervision in
a controlled setting.1,5 In general, they do not
induce dependence, or adverse effects that would
not be manageable when given in appropriate
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doses, and in the presence of someone who can
provide psychological support, if needed.1,4,6
Moreover, preliminary findings and anecdotal
reports suggest that psychedelics even show therapeutic potential in substance use disorders.1,7,8
In addition, current research is investigating therapeutic applications of these substances in psychiatric disorders, with a focus on affective
disorders.8–11 While the intensity or quality of the
psychedelic experience seems to contribute to its
therapeutic effect,12 anecdotal evidence also suggests that repeated use of smaller doses without
the psychedelic experience (‘microdosing’) is efficacious self-treatment for people suffering from
affective disorders.13,14
In general, a microdose is considered to be one
tenth of a dose normally causing hallucinogenic
effects. When taking the doses used in clinical
research as a reference,2,4 a microdose then would
be 10–20 mcg of LSD and/or 0.3–0.5 g of psilocybin-containing mushrooms.15,16 In a recent survey, users reported taking between 6 and 20 mcg
LSD and 0.2–0.5 g of dried psilocybin mushrooms13,17,18 with a microdosing frequency that
ranges between 2 and 4 times a week, this for a
few weeks, to months, or even years, although the
latter is rare.15,18 Reported short-term benefits of
microdosing include an increase in positive mood,
a decrease in negative mood, and in improvement
relationships with others and their environment,15,17–21 which seems to be in line with the
effects of full psychedelic doses, though without
the perceptual effects. Interestingly enough, users
sometimes attribute different effects to the different substances where LSD is more associated
with cognitive and/or stimulating effects and psilocybin with emotional or well-being effects.17,22
This stronger stimulating character of LSD compared with psilocybin was seen by some as a plus,
while others experienced it as uncomfortable.17,22
Of note, future research needs to elucidate
whether the higher affinity of LSD, compared
with psilocybin, for the dopaminergic receptors
explains this stimulant effect, and/or whether this
is (partly) due to expectancy bias.23
Next to positive effects, acute negative effects do
occur when individuals are under the influence of
these psychedelics including psychological
(‘increased anxiety’) or physiological (‘discomfort’) changes.15,18 Interestingly, this increased
anxiety is suggested to be linked to the surface
emergence of latent emotional content by microdosing. Along the same lines, it is reasoned that
2

this could accelerate a healing process in a therapeutic context because these emotions can then be
used.22 Interestingly, Albert Hofmann, the ‘discoverer’ of LSD and its hallucinogenic effects,
stated decades ago that ‘very small doses, perhaps
25 micrograms’, could be useful as an antidepressant.24,25 This seems to be confirmed in the reports
of people self-treating with microdoses of psychedelics to combat symptoms of affective disorders
such as depression and anxiety disorders.14,26
Despite the positive claims of microdosers who
self-treat their conditions, no clinical trial to date
has focused on the question whether (repeated)
administration of psychedelics in low doses can
serve therapeutic potential in affective disorders.
The aim of the present review was to investigate,
based on findings from (controlled) experimental
studies in healthy volunteers and patient samples,
whether there is scientific evidence supporting
potential efficacy and safety of low doses of psychedelics in the treatment of affective disorders.
Methods
In order to answer that question, a search string
consisting of keywords from (1), (2), and (3),
combined with the Boolean command ‘AND’ was
used to search title and/or abstract. Search words
were (1) depressive disorder or depression or unipolar depression or bipolar depression or dysthymic depression or chronic depression or
neurotic depression or persistent depressive disorder or treatment-resistant depression or therapyresistant depression or refractory depression or
mood disorder or affective disorder; (2) microdosing or micro-dosing or low dose or mini dose, (3)
psychedelics or classical psychedelics or hallucinogens or lysergic acid diethylamide or LSD or psilocybin or magic mushrooms or psilocybin truffles
or psilocin. Searched databases PubMed and
MedLine yielded 23 hits in total. De-duplication
(n = 6) and removal of irrelevant articles (n = 5)
reduced the number of articles to 12. The irrelevant articles either used a full psychoactive dose,
or radiolabeled LSD, a low dose of dimenthyltryptamine (DMT), or ‘LSD’ referred to ‘Late
Sleep Deprivation’ instead of the psychedelic substance, or preclinical research. With regard to preclinical research, this was not included because of
the questionable generalizability to humans. A
series of 12 relevant articles were localized in a
book about microdosing psychedelics (n = 4),27–34
and a review paper describing the long-term
effects of psychedelics (n = 1) and in my personal
journals.sagepub.com/home/tpp
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Records identified through database
(PubMed, MedLine) searching
(n = 23)

Additional records identified
through other sources
(n = 12)

Records after duplicates removed
(n = 29)

Records screened
(n = 29)

Records excluded, with
reasons
(n = 5)

Full-text articles assessed
for eligibility
(n = 24)

Full-text articles excluded,
with reasons
(n = 10)

Studies included in
qualitative synthesis
(n = 14)
Figure 1. The selection and review process that resulted in 14 articles for inclusion in the current review.

database (n = 7) was added.35 The oldest articles
(n = 4) were harvested from the bibliographic
database of the Multidisciplinary Association for
Psychedelic Studies (https://maps.org/resources/
psychedelic-bibliography), the rest (n = 8) via
google scholar; 10 papers were excluded as they
were based on claims of microdosers and not
experimental research. These papers were not
included in the review but were used in the introduction of this paper. Finally, this resulted in a
final dataset of 14 experimental studies in humans
(Figure 1). The findings of research with LSD and
psilocybin are discussed in two separate sections;
the methodological details of reviewed studies is
presented in Tables 1 and 2.
Experimental research with LSD
In the past, a number of experimental LSD studies were conducted, investigating the effects on
cognitive and physiological measures. Some of
those studies included low doses of LSD and are
described in detail here.36,40–42 Next to that, five
journals.sagepub.com/home/tpp

recent studies were identified and included here;
these aimed to assess the effects of a microdose
LSD on cognition, subjective perception and
brain activity.27,33,37–39 Given that the methodology of older studies did not always meet current
standards, more methodological detail is provided for these studies, so that findings are interpreted in that specific context.
Older research with LSD
Abramson and colleagues, who conducted a range
of experiments with LSD in the 1950s, combined
data from 141 experimental sessions with 31 participants with the aim of providing a clear view of
the mental effects caused by different doses of
LSD. As participants received different doses and
observers used different questions, they made six
‘dose’ groups and clustered the symptoms into five
classes: euphoria, dysphoria, changes in perception, neurotic behaviour and psychotic symptoms.
Relevant for the current review is that eight participants were administered a dose between 1 and
3
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Aim, to test. . .

the mental effects of a
range of LSD doses

the effect of low LSD doses
on subjective experience
and cognitive behaviour

the neural effects of a low
dose of LSD on restingstate CBF and connectivity
using functional magnetic
resonance imaging

the safety, tolerability,
pharmacokinetics, and
pharmacodynamics of
repeated low dose LSD
administration

the safety and efficacy
of LSD-assisted
psychotherapy

the dose-response effects

Author

Abramson
et al.36

Bershad
et al.37

Bershad
et al.38

Family
et al. 27

Gasser
et al. 39

Greiner
et al. 40
Double-blind, not clear
how many participants
received more than one
dose

Double-blind (2 drug
conditions)

Mixed within-between
group design (4 drug
groups); Repeated
dosing (dose each
3 days; 21 days in total)

Within-group design (2
drug conditions

Within-group design (4
drug conditions)

Not stated; Supposedly
a mixed within-between,
some participants
received multiple
doses, though it was
not clear who (6 dosing
categories)

Design (number of
conditions)

LSD (0, 4, 7, 12, 20,
40 mcg, p.o.)

Healthy male
volunteers
(14); 0 mcg (3);
4 mcg (2); 7 mcg
(6); 12 mcg
(2); 20 mcg (6);
40 mcg (5)

Patients
with anxiety
associated with
life-threatening
diseases (11)

Healthy
volunteers (12/
group)

LSD tartrate (0, 5,
10, 20 mcg)

LSD free base (20,
200 mcg, p.o.)

Healthy
volunteers (20)

LSD tartrate (0,
13 mcg)

Healthy
volunteers (20)

Non-psychotic,
adult volunteers
(31)

LSD (0, 1–25, 26–
50, 51–75, 76–100,
101+ mcg, p.o.)

LSD tartrate (0;
6.5; 13; 26 mcg),
single dose

Sample (n)

Intervention
(Dosage, route of
administration)

Table 1. Methodological details of the included experimental studies with low doses of LSD.

Not stated

Not stated

No stated

Not stated

62.9

51.7

9:30 AM

9:30 AM

Not stated

Time of
admin

25

25

Not stated

Average
age

Dark room, 20 min of
each hour could be
spent how they wanted

Safe, quiet, pleasant
room in a private
practice office; the
participant could
choose to lay down on
a mattress on the floor
or sit on a chair

In-patient setting, no
details were provided

Scanner

Private living room–
style laboratory room
(with a couch, table,
and computer) Between
tests participants could
relax, read, or watch
movies

Laboratory and private
office

Setting

(Continued)

Mood (+; 7–40 mcg) and
perception (body, alertness,
emotion thought) (+, 20–
40 mcg); Physiological measure
[Galvanic skin conductance
(+, 7 mcg), Pupil diameter
(+, 12–40 mcg)]; Psychiatric
information: changes in mood
(cycles of depression, euphoria)
and behaviour (+, 7–40 mcg)

Physiological measures (–) and
adverse events (+, apparent,
compared with the high dose
was that more participants
reported anger, anxiety, and
abnormal thinking), self-report
questionnaire for state and
trait anxiety (+, state and trait
anxiety increased the low dose
group and decreased after the
200 mcg crossover)

Questionnaires: Drug (+),
Physiological effects (–),
Computer tests: Reaction time
(–), Visual memory and learning
(–), Visual attention (–), Spatial
working memory (–), Balance
and proprioception (–)

Questionnaires: Drug (+)
and affective effects (+),
Physiological effects (+), fMRI:
connectivity analysis (+)

Questionnaires: drug (+) and
affective (+) effects, Computer
tests: Working memory
(–), Cognitive performance (–),
Emotion recognition (–), Social
inclusion (–), Convergent thinking
(–), Physiological effects (+)

Questions related to 5 mental
state ‘themes’: euphoria
(±, inverted U, peak at
51–75 mcg), dysphoria (–, peak
at 51–75 mcg), perception and
psychotic behaviour (–, doserelated increase), neurotic
behaviour (–)

Measures (findings)

Therapeutic Advances in Psychopharmacology 10
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I. the dose-response
effects; II. the
reproducibility of the LSD
effect using a specific
measure; III. The tolerance
to LSD after (long-term)
daily intake (4 subexperiments; only 2 with
low doses)

the mental effects of a
high dose of LSD

the effects of repeated
low doses of LSD on time
perception

Isbell
et al. 41

McGlothlin
et al. 42

Yanakieva
et al.33
Mixed within-between
group design (4 groups);
Repeated dosing (dose
each 3 days; 21 days in
total)

LSD tartrate (0, 5,
10, 20 mcg)

LSD (25, 200 mcg),
Amphetamine
(20 mg; 5
immediate + 15
sustained release)

Healthy
volunteers (12/
group)

Healthy
volunteers
(n = 24/group)

Former
morphine
addicts, all
male, abstinent
for at least
3 months; I.
n = 8; II. n = 11;
IIIa. n = 11; IIIb.
n = 12

I. LSD (0, 0.25, 0.5,
0.75, 1, 1.5, 2 mcg/
kg, p.o., intervals
of 1 week); II. LSD
(60 mcg, p.o.);
IIIa. LSD twice
a day for three
days (10 mcg,
20 mcg, 30 mcg, or
placebo, p.o.), day
4: LSD (75 mcg,
p.o.), 3 days
placebo (or LSD,
p.o.), day followed
by LSD (75 mcg,
p.o.); IIIb. LSD,
once daily for
7 days (20–75 mcg,
p.o.)

I. Within-Subject; II.
Within-Subject; III.
Within-Subject

Mixed Within-Between
group, Within: 5 test
days (baseline, 3
experimental sessions,
2 follow-ups at 2 weeks
and 6 months; Between:
Treatment (3 drug
conditions)

Sample (n)

Intervention
(Dosage, route of
administration)

Design (number of
conditions)

62.9

Not stated

Not stated

Average
age

Not stated

8:00 AM

I. No
stated; II.
Not stated;
IIIa. First
dose: 9 AM,
second:
9 PM;
75 mcg:
9 AM
(this was
repeated
in week
two, groups
shifted
form LSD
to placebo
and VV);
IIIb. 9 AM

Time of
admin

In-patient setting, no
details were provided

Large, tastefully
decorated room,
specially designed
to enhance the drug
experience; music was
played during most of
the session

Closed ward devoted to
clinical research; they
had their own room but
were allowed to leave
this in between the
observations to mingle
with other patients in a
common dayroom

Setting

Questionnaires: Drug
(+), Computer test: Time
reproduction (+)

Anxiety: questionnaires and
GSR, Attitude, Value, Aesthetic
sensitivity, Creativity (seen the
nature of statistics that were
performed, no findings are
presented)

Mental effects questionnaire
and observation (–, I.; +,
IIIa–b. Reversible tolerance to
LSD effects after dosing for
three days in a row; tolerance
disappeared after 3 days of
abstinence), physiological
effects (pupil size, blood
pressure) (–, I.), Knee jerk (–, I.)

Measures (findings)

(+) = presence, (–) = absence of low dose LSD effect relative to placebo or another control condition; bold doses are not considered a microdose and are not considered in the last column where the effects are
shown relative to the reference condition.
CBF, cerebral blood flow; LSD, lysergic acid diethylamide.

Aim, to test. . .

Author

Table 1. (Continued)
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or to compare the
ascending and
descending sequences
of drug dose exposure

or to explore the
potential dose–
response relationship
of psilocybin on various
(neuro-) psychological
and physiological
parameters

the relationship
between the
subjective psychedelic
experience, plasma
psilocin levels and
5-HT2AR occupancy in
the human brain

the safety, tolerability,
and clinical effects of
psilocybin in patients
with OCD

the cognitiveenhancing potential
of microdosing
psychedelics

Griffiths
et al.28

Hasler et al.

Madsen
et al.30

Moreno
et al.31

Prochazkova
et al.32
Within-group
design,
Naturalistic study

Within-group
design (4 drug
conditions)

Within-group
design (repeated
measures of
participant
receiving a
specific dose)
OCD patients
(9)

Psilocybin (25, 100,
200, 300 mcg/kg,
baseline)

Healthy
volunteers (38)

Healthy
volunteers (8)

Psilocybin (3, 6, 12,
15, 18, 24, 30 mg)

Psilocybin
truffles: average
dose of 0.37 g
(0.6 mg psilocybin
baseline]ⱡ

Healthy
volunteers (8)

Psilocybin (mcg/kg
bodyweight, 0, 45,
115, 215, 315)

Healthy
volunteers (18)

Psilocybin (0, 5, 10,
20, 30 mg/70 kg)

Within-group
design (5 drug
conditions)

Within-group
design (5 drug
conditions)

Sample (n)

Intervention
(Dosage, route of
administration)

Design (number
of conditions)

31.1

40.9

33

29.5

46

Average
age

Not stated

8:30 AM

Not stated

Not stated

Not stated

Time of
admin

non-laboratory
environment
(microdosing event);
tasks were conducted
in a group setting free
from outside distraction

Participants were asked
to wear eyeshades,
listen to music and
minimize the interaction
during the session;
trained sitters were
present

Two psychologists
providing interpersonal
support were present;
During PET scans music
was played

Psychiatrist present
during the session

aesthetic living-roomlike environment with
two monitors present;
couch, eye mask,
headphones for music

Setting

Paper-and-pencil
test: Intelligence
(–), Convergent (+)
and divergent (+)
thinking

Questionnaire: OCD
Symptoms (+)

Positron Emission
Tomography:
5-HT2A receptor
binding (+),
Questionnaire:
Drug (+)

Questionnaire:
Drug (+) and
affective (–) effects,
Paper-and-pencil
test: Concentration
(–); Physiological
effects (–)

Questionnaire:
Drug effects (+),
Physiological
effects (+)

Measures
(findings)

(+) = presence, (–) = absence of low dose psilocybin effect relative to placebo or another control condition; bold doses are not considered microdose and are not considered in the last
column where the effects are shown relative to the reference condition.
ⱡIn This naturalistic study, dried psilocybin-containing truffles were taken by participants.
5-HT2A, 5-hydroxytryptamine 2A; 5-HT2AR, 5-HT2A receptor; OCD, obsessive-compulsive disorder; PET, positron emission tomography.
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Aim, to test. . .

Author

Table 2. Methodological details of the included experimental studies with low doses of psilocybin.
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25 mcg LSD. While findings showed a dose-related
increase in psychotic behaviour and distortions in
perception, this behaviour was not affected by the
low dose of LSD. Dysphoria seemed to be relatively stable over doses, with a peak after a dose of
51–75 mcg LSD. Euphoria followed an inverted-U
pattern with also a peak around 51–75 mcg LSD.
Neurotic behaviour was found to be non-discriminant as it increased after administration of all
doses, including placebo. The effects of low doses
of LSD on the selected parameters therefore seem
to be very mild or placebo-like.36 As the authors
also stated, the findings should be regarded as
descriptive due to the confounding factors of different measurements, settings, doses and the small
sample size for some doses.
Isbell and colleagues published the findings of six
experiments in which a range of LSD doses (0.25–
2 mcg/kg or 10–180 mcg) was administered in
several regimens, aiming to investigate the doseresponse effect, the test-retest value of a series of
mental and physiological measures, and tolerance
after repeated doses of LSD.41 The latter was
assessed in four studies, of which only two also
included low doses (10–20 mcg) next to higher,
psychedelic, doses of LSD. Of note, these findings
were also published 1 year earlier, though less
methodological detail was provided.43 The testretest questionnaire was assessed after administration of 60 mcg LSD. Only the findings of the three
studies administering low doses of LSD are
described here. These all included self-rated and
observed mental effects (e.g. perception/hallucinations, confusion/insight, nervousness, anxiety) and
physiological measures (e.g. pupil size, blood pressure). The main findings were that (1) LSD produces dose-related effects with the exception of the
lowest dose (0.25 mcg/kg), which did not produce
differentiating effects from placebo; and (2)
repeated administration of low doses (10–30 mcg),
twice daily for 3 days produces a transient tolerance to the mental effects of a subsequent higher
dose of LSD (75 mcg).41 Based on these findings,
it can be suggested that daily microdosing is not
efficient, but also that an abstinence period of 3
days is long enough to reinstate the mental response
to a higher dose (75 mcg) of LSD.
Greiner et al. conducted a dose-effect study with
five different doses of LSD and placebo administered to 14 healthy male volunteers. While they
mentioned it was a double-blind design, they did
not describe how many doses participants received,
which was more than one as they stated that three
journals.sagepub.com/home/tpp

participants received placebo, two 4 mcg, six 7 mcg,
two 12 mcg, six 20 mcg and five 40 mcg LSD.
Effects on self-rated mood and perception (of e.g.
thoughts, body image), physiological measures,
and observed mood and psychomotor behaviour
were measured at least up to 4 h after treatment.
The authors confirmed the ‘threshold dose status’
of 20 mcg of LSD, which it already had ‘by general
consensus’.40 Participants noticed effects on mood
starting from 7 mcg, but they did not experience the
changes in mood states that were observed by the
experimenter, including the cycling pattern of
depressed and euphoric mood states.40 Linked to
that, the authors expressed their concern about
mood changes potentially negatively affecting
higher-order cognitive processes like planning and
motivation.44 Of note, no statistical analyses were
performed and, looking at the sample size per dose
and the way effects were reported, i.e. it was marked
as a change when it was seen in more than 50% of
the group, this paper should merely be seen as
qualitative, descriptive research.
McGlothlin et al. aimed to test the long-lasting
effects of repeated (3×) administration of a high
dose of LSD (200 mcg) on measures of anxiety,
attitude and value, aesthetic sensitivity, creativity
and personality in healthy volunteers. Two control groups were administered single doses of
amphetamine (20 mg) or LSD (25 mcg) on three
separate occasions. Volunteers were tested at
baseline, after administration of the treatment,
and at 2 weeks and 6 months post-treatment.
While the authors decided to combine the two
control groups as the findings of both groups
allegedly did not differ systematically, not much
can be concluded about the difference in effects
between the low (25 mcg) and high dose (200 mcg)
of LSD.42 What can be inferred is that LSD
(25 mcg) has a similar effect pattern as the stimulant amphetamine (20 mg) in the mentioned
doses. Interestingly, throughout their paper, the
authors give percentages of people in the three
groups that have experienced specified effects
acutely, at 2 weeks and 6 months follow up. The
LSD (25 mcg) was labelled as ‘pleasant’ by the
majority (78%) and without lasting effects (65%);
LSD (200 mcg) was labelled as ‘dramatic and
intense’ (71%) with some lasting effects (42%).
Of note, statistics were performed on the aforementioned dimensions; however, the findings are
not reported here for a number of reasons. First,
as already stated, data of the two control groups
were combined, which makes the findings less
interesting for the current review as no direct
7
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statistical comparisons were conducted between
the low and high LSD dose. Second, because of
the selectivity of included participants in the analyses, for example for some analyses only participants who stated to have long-lasting effects at
the 6 month follow up were included, for other
comparisons, only a selection of the control group
was taken ‘to compensate for the higher baseline
scores in the LSD high dose group’. Of note, the
25 mcg LSD group was included as a control
group in the hope they would experience enough
visual or auditory hallucinations and therefore
realize they had received LSD, which would be a
good control for prior expectations. The same
proportion of people in the LSD 25 mcg and
amphetamine group thought they received LSD
on one or more sessions.42
Recent research with LSD
Studies in healthy volunteers. In a randomized,
double-blind, placebo-controlled study, elderly
subjects received different doses of LSD tartrate
(0, 5, 10, and 20 mg) repeated (6 times) every
4 days for a period of 21 days in a between-group
design (n = 12/group). Cognition was tested at different times and with different measures. The only
statistically significant effect was an overestimation of time intervals of 2000 ms (and longer) in a
time perception task after the fourth dose. These
effects were most pronounced for the 10 mcg dose.
The absence of effects on other cognitive processes is seen as evidence that there was no general
disturbance of cognition but a specific effect on
selective attention.33 Blood was collected to determine LSD concentrations after doses 1 and 6. It
was shown that while LSD plasma concentrations
were not detectable after 5 mcg, they were after 10
and 20 mcg; concentrations peaked approximately
half an hour after administration. The total blood
concentration after dose 1 and dose 6 did not differ, which demonstrates that this parameter is not
affected by repeated doses. The average half-life
over all data points was 8.25 ± 7.5 h, which is
comparable with that of a full psychedelic dose
(200 mcg), that is, 8.9 ± 5.9 h.45 Compared with
the placebo group there were not significantly
more adverse events in the LSD groups; however,
one more often reported effect in the LSD group
was a mild-to-moderate headache. The authors
argued that the intensity was not of such an order
that it would disrupt daily tasks.27
Bershad et al. investigated the effects of three
doses of LSD tartrate (6.5, 13 and 26 mcg LSD,
8

corresponding to 5, 10 and 20 mcg of base LSD)
in a placebo-controlled within-subject study on
subjective experience and cognitive measures.37
Subjects felt under the influence after taking 13
and 26 mcg LSD. They also felt better, friendlier
and more anxious compared with placebo. In
addition to an increase in ‘liking’ the substance,
‘disliking’ also increased. No effects were found
on other mood states (vigor, depression, anger,
confusion or fatigue), cognitive skills or social
behaviour. The latter two were assessed with
tasks sensitive to the effects of full psychedelic
doses of a psychedelic.46,47 While no persisting
effects on mood were shown 2 days after administration, it has to be noted that this questionnaire
was completed by only 55% of the participants.37
A low LSD dose led to a statistically significant,
though clinically irrelevant, increase in systolic
(13, 26 mcg) and diastolic (26 mcg) blood pressure 2 h after LSD administration, compared with
placebo. There were no differences in heart rate
and basal body temperature after intake of LSD
compared with placebo.37 This study shows that
repeated administration of low doses of LSD can
be regarded as safe on the parameters assessed,
though the authors suggest focussing on heart
parameters in future studies due to concerns
about potential 5-HT2B receptor-mediated ECG
abnormalities after repeated use.48
In a recent functional imaging study, participants
underwent a scan session 90 min after taking placebo and LSD tartrate (13 mcg). Findings
revealed an LSD-induced change in brain connectivity in the limbic (‘emotion’) system. More
specifically, the connectivity between the amygdala and the angular and frontal gyrus increased,
while connectivity with the superior temporal
gyrus decreased. The increase in connectivity was
related to the changes in positive mood, measured by the Positive and Negative Affect Schedule
(PANAS).49
Study in patients with anxiety. Gasser and colleagues investigated the safety and efficacy of
LSD-psychotherapy in patients with anxiety
related to life-threatening diseases. Next to the
experimental group who received LSD 200 mcg
twice, they included an active control group
receiving 20 mcg of LSD. This low dose was
thought to produce short-lived, mild LSD effects
that would not substantially facilitate the therapeutic process. Two regular psychotherapy sessions followed each LSD session. The control
group entered an open-label crossover to 200 mcg
journals.sagepub.com/home/tpp
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LSD after the treatment blind was broken. The
number, frequency and intensity of drug-related
adverse events was higher in the high dose condition compared with the low dose condition,
though anger, anxiety, and abnormal thinking
were more frequent in the low dose condition.
LSD did not affect physiological parameters. Selfrated anxiety (trait and state) decreased after two
high dose sessions with LSD – an effect that was
sustained up to 12 months after treatment. In the
low dose group however, anxiety increased after
two sessions with LSD 20 mcg, and decreased
after the open-label crossover to LSD 200 mcg –
an effect that was also measurable at 12 months
follow up. Of note, the total sample size was very
small, and the low dose was only give to three participants. The authors noted correctly that the
(fluctuating) medical conditions of the participants could have influenced the psychological
state; hence, the self-rated anxiety.39 While the
data seem to suggest a low dose of LSD does not
support the therapeutic process, this study did
not aim to test this hypothesis, and future studies
in larger samples should corroborate this.
Experimental research with psilocybin
In total, five studies were identified testing the
effects of (low) doses of psilocybin on subjective
experience and cognitive performance in healthy
volunteers and patients with OCD.28–32 The
methodological details of those studies are presented in Table 2 and described in the following.
An uncontrolled, naturalistic study
One of the included experimental studies was an
uncontrolled, naturalistic study, in which a group
of people who self-administered psilocybin-containing truffles were tested in an informal social
setting. This study showed that convergent (n = 27;
0.41 g truffles) and divergent (n = 33; 0.35 g truffles) thinking improved 1 h and a half after taking
the truffles compared with a pre-measurement.32
Given the uncontrolled nature of this study, placebo-controlled experimental studies are needed
to be able to say with certainty whether these
effects are due to the intervention and not to learning effects, expectation, or the social context.32
Controlled, experimental studies
Hasler and colleagues tested the effects of different doses of psilocybin on subjective experience and
cognition. The lowest dose (45 mcg of psilocybin
journals.sagepub.com/home/tpp

per kg of bodyweight), which would qualify as
microdose (2.3 mg of psilocybin for a 70 kg-
person), caused a decrease in heart rate 6 h after
ingestion. Other than that, no significant differences between this dose and placebo were
detected.29 Griffiths and colleagues demonstrated
mild psychedelic effects after administration of a
5 mg/70 kg bodyweight dose of psilocybin compared with placebo.28
In a recent positron emission tomography study,
Madsen and colleagues demonstrated that psilocybin (3–30 mg) binds to the 5-hydroxytryptamine
2A (5-HT2A) receptor, and that the degree of
receptor occupancy (%) is related positively to
the intensity of the psychedelic experience.30 The
lowest dose (3 mg) led to a psychedelic experience
of average (40%) intensity; the 5-HT 2A receptor
occupancy rate was 43%; the highest psilocybin
dose (30 mg) led to a psychedelic experience of
maximum intensity (100%) and a receptor occupancy of 65%.30
Study in obsessive compulsive disorder patients
Moreno and colleagues reported findings of their
small-scaled study in which they administered on
separate occasions a range of psilocybin doses to
patients (n = 9) with obsessive compulsive disorder. Besides a low dose of psilocybin (25 mcg/kg
bodyweight = 1.75 mg/70 kg), three higher doses
were included (100, 200, 300 mcg/70kg).
Symptom reduction after treatment with a low
dose of psilocybin relative to baseline was demonstrated.31 This suggests that a very low dose of
psilocybin could cause a better balance between
habitual behaviour and cognitive control, something that might also be relevant in depressed
patients.50 Nonetheless, future studies in (large)
patient samples have to confirm this.
Discussion
The purpose of this article was to investigate scientific evidence for the therapeutic potential and
safety of microdosing psychedelics for depression.
To that end, (placebo-controlled) experimental
studies testing the effects of low doses of LSD or
psilocybin on psychological and cognitive processes in humans were reviewed. Both LSD and
psilocybin were shown to have no, to very subtle,
effects on mood state, selective cognitive processes
(time perception, convergent and divergent thinking), and brain regions involved in affective
processes.32,33,40 While low LSD doses were
9
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experienced as pleasant,37,41 it was also shown that
drug disliking and anxiety increased,37,39 and that a
cycling pattern of depressive and euphoric mood
changes can occur.40
It is as yet unclear whether psychedelic microdosing is of therapeutic value for depression due to the
limited amount of studies (with small sample sizes)
that have been conducted. Nonetheless, the aforementioned effects on selective cognitive processes,
resembling in a milder way the effects of full psychedelic doses,51,52 and without impairing cognitive processes,47 suggest that low doses of
psychedelics could play a role in depression. Some
underlying cognitive mechanisms of action,
deduced from the observed effects, that is,
increased divergent thinking and slowed down
time perception, could be the induction of respectively increased cognitive flexibility,31,32 and the
production of a heightened experience of ‘being
more in the present’ or mindful,33,53 which could
lead to lessened ruminative thinking and more selfcompassion, decreasing depressive symptoms.54,55
With regard to its safety, it was demonstrated that
low doses are well tolerated and have no-to-minimal effects on physiological parameters.
The cause of effects: expectancy and underlying
biology
Despite the positive media coverage on microdosing, and its effects on social behaviour, creativity,
and productivity,56 reviewed scientific evidence
demonstrates that the effects are not that pronounced, as one would expect. This might indicate that expectancy determines large part of the
effect in users. However, a study in users set out
to test the role of expectancy in the effects of
microdosing surprisingly showed that the reported
effects were not the expected effects.20 In addition, people really expecting certain effects sometimes stop with microdosing because the practice
was not deemed effective, or the effects did not
meet their expectations.14
With regard to placebo-controlled studies, the
presence of a placebo can correct for this expectancy effect. However, a placebo effect might
occur, as shown by Olson et al., which can make
it harder to find subtle effects as these expectancy
or ‘placebo’ effects might decrease the chance of
demonstrating statistically significant differences
between the active treatment and placebo.57
While in all the reviewed studies the chance that
participants would receive LSD or psilocybin was
10

equal to, or above 50%, the effect pattern, with
selective effects on specific measures stems positive, in that the demonstrated effects are ‘real’
and due to the administered substance rather
than created by expectation.
Future studies could consider not revealing
beforehand the exact substance participants will
receive, though rather present a list with options
of substances they could receive,58 or use additional ‘active’ treatments to control for expectancy and placebo effects.42 While there are
benefits to this approach, limitations are the
increased study costs, the expected higher attrition rate when using a within-subject study with
more conditions, and the increased complexity of
statistical analyses. In addition, future studies
might also want to compare the effects of a range
of low doses between groups of people who have
experience with the use of psychedelics, and those
who are drug-naive, as previous experience might
increase the sensitivity to detect changes in for
example, mood state. An older study already
showed that participants who were trained to recognise the effects of psychedelics were able to do
this.58 This potentially lowered detection threshold in experienced users would imply they need
less of the substance or conversely, drug naïve
(patients) would need a higher microdose to
experience equal effects.
While this (microdosing) psychedelics research
field is still in its infancy, preliminary findings
indicate that low doses of both LSD and psilocybin affect assessed biological processes.30,38 A first
study showed changed connectivity in brain areas
involved in affective behaviour, after a single dose
of LSD (13 mcg tartrate, p.o.). Interestingly these
changes were also related to positive mood
effects,38 which suggests this might be a potential
mechanism underlying alleged therapeutic effects
in depression. Of note, studies need to confirm
(the persistence of) these effects in patient populations since this study was conducted in healthy
volunteers, and the effect at brain and behavioural
level was assessed at the acute state, not when the
drug left the bloodstream.
Madsen and colleagues who investigated the
5-HT2A receptor occupancy rate after a singledose administration of psilocybin, showed that
the lowest psilocybin dose (3 mg, p.o.), which
would be regarded as a microdose, was related
with a receptor occupancy rate of 2%.30 As this
change from baseline is obviously very small, and
journals.sagepub.com/home/tpp
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labeled as ‘non-substantial’ by the authors, future
studies could elucidate whether repeated administrations in a larger sample, in contrast to this
single administration in one person, produce a
different and/or larger effect at receptor level, and
potentially at a behavioural level too. Interestingly,
in this light was the tolerance to perceptual effects
of a higher dose of LSD after three repeated low
doses LSD administered on consecutive days,43
which suggests adaptation at receptor level. In
addition, while psychedelics are usually labeled as
(partial) 5-HT2A agonists, they also activate,
though to a lesser extent, other 5-HT receptors
(e.g. 1A), and other neurotransmitter systems
such as the dopaminergic and adrenergic.4,23
Mechanistic studies blocking these pathways, and
including assessments of cognitive performance
and emotional state, will reveal the respective
contributions of these neurotransmitters and
respective receptors to the psychedelic-induced
effects and potential therapeutic mechanism.
Adverse effects
While there is no mention in the media about possible negative effects related to microdosing psychedelics,20 users do report to experience negative
effects when asked. These are in general limited to
the dosing days when physical discomfort and
increased feelings of anxiety can arise.15,18,59 Some
others mentioned that they had unpleasant ‘free’
days,59 something that was also raised by an author
suffering from depression, seeking help in microdosing psychedelics as self-treatment. She stated
that microdosing felt as a relief, a treatment for her
depression, although sometimes she also had days
when she was more irritated than on other days.60
In the reviewed experimental studies, a single
acute dose was generally well tolerated by healthy
volunteers. Repeated doses did not produce more
adverse effects than placebo, although mild headache was mentioned more often after microdoses
of LSD, compared with placebo.27
In terms of physiological effects, no LSD-related
effects on heart rate of basal body temperature
were assessed after a single dose of LSD.37 Family
and colleagues demonstrated a clinically irrelevant increase in systolic (13 and 26 mcg) and
diastolic (26 mcg) blood pressure, measured 2 h
after LSD compared with placebo.27 Family and
colleagues do advise, despite the apparent safety
of low doses of LSD, to include monitor heart
parameters after repeated doses of LSD in followup studies.27 This was mentioned due to concerns
journals.sagepub.com/home/tpp

about substances that act on the 5-HT2B receptor, and that in the past caused abnormalities of
the heart valves after repeated intake, though of
doses that exceeded the microdose range.61 In
addition, when conducting clinical trials in
depressed patients, tapering off serotonergic antidepressants under medical supervision will be
necessary, as no information about potential
interactions is available. Nonetheless, this would
require careful weighing up of the risks of discounting serotonergic antidepressants against the
potential benefits of using serotonergic psychedelics in microdoses.
Lessons learned and future perspective
Psychological support. A first point of attention is
the fact that both in anecdotal reports of microdosers, and in findings of reviewed experimental
studies, increased anxiety (during intoxication) is
mentioned.15,18,39,40 This suggests that, although a
microdose does not produce a psychedelic experience, psychological support is needed to regulate
increased anxiety. Looking into the details of the
settings of previous studies, it is also shown that
most of the times the setting was a safe, warm
environment, in which support was standing by.
Future clinical trials in depressed patients should
therefore consider, for example, to not send
patients home after they have been administered
their microdose as anxiety might arise. An interesting note was that the presence of anxiety might
signify latent emotions coming to the surface,
something that could accelerate a healing process
in a therapeutic context, as these emotions can
then be discussed with the therapist if deemed
necessary by the patient.22 This support might
not only have to be limited to the dosing day as
previously mentioned, users also can experience
less pleasant dose-less days.59 This psychological
support might then also stimulate or contribute to
an enhanced state of mindfulness and (hence)
cognitive flexibility, thereby facilitating the therapeutic process.54,62
Dose and dosing schedule. A second point of discussion is the ‘effective’ dose, and the associated
dosing schedule. The reviewed studies do not provide robust evidence in favour of a specific dose,
but rather give a range in which psychedelics
show subtle (beneficial) effects without producing extreme perceptual distortions; for LSD
(base) this is between 10 and 20 mcg of LSD, and
for psilocybin between <1 and 3 mg.16 An important addition when talking about LSD doses is
11
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that, especially in this microdosing range, it is
essential to specify whether LSD base or LSD
(‘salt’) tartrate is administered. Liechti clarified
this in a commentary: ‘a dose of 100 µg LSD base
corresponds to 123 µg LSD tartrate’.16 Apparently, the older research used LSD tartrate,
whereas modern research, with full psychedelic
doses, uses LSD base.4 The recent microdosing
studies in this review all used LSD tartrate,27,33,37,38
except for one.39
With regard to the dosing schedule, only one
recent study aimed to test the effects of repeated
LSD doses on psychological and cognitive functions.27,33 It was shown that LSD blood concentrations were not affected after repeated dosing when
leaving two dose-free days in between. Of note,
previously it was demonstrated by Isbell and colleagues that tolerance to the effects of (a higher
dose of) LSD (75 mcg) occurred after repeated
dosing with low doses of LSD (10–30 mcg), given
twice daily for 3 days in a row.41 Nonetheless, this
tolerance was transient and disappeared after three
dose-less days. Based on this information, it is tentatively concluded that daily dosing, something
that is not common practice amongst users, will
probably be not efficacious, while 2–3 days in
between would already be sufficient to curb the
tolerance. This reminds of the ‘Fadiman’ schedule, in which users are recommended to use
according to a three day cycle, with 1 day ‘on’, and
2 days ‘off’ the substance to experience the effects
of the microdose on day one and two, and to use
the third day to experience, and remind yourself of
how the ‘normal’ situation is, without microdosing.13
Usually users repeat this cycle a couple of times,
with a pattern of microdoses for years being rather
uncommon.13,15,18 However, only research can
show the persistence of the effects and the necessity to microdose psychedelic for a prolonged time.
Preliminary findings with full psychedelic doses
demonstrated remission from depression after one
or two doses,63 with the quality of the psychedelic
experience being predictive in the therapeutic outcome.12 Future research can test the efficacy of low
versus higher doses of psychedelics in the treatment
of depression, and the longevity of therapeutic
effects and its predictors.
LSD or psilocybin: does it matter? A third point to
be addressed by future research is to compare the
effect pattern of LSD and psilocybin in repeated
low doses, in one study. While users sometimes
attribute more cognitive enhancing and/or stimulating effects to LSD, psilocybin is associated with
12

more ‘soft’ emotional or well-being effects.17,22
One older study,58 not included in this review,
shows that participants sometimes confuse low
doses of psilocybin with LSD. Interesting here is
that these participants were trained to recognize
and discriminate the effects of these substances.
The reason why this paper was not included is
because the concrete effects experienced by the
participants were not included and therefore could
not be used to answer the question of the present
review.58 This research suggests that the effects of
psilocybin and LSD in low doses can be similar. In
addition, findings from another study suggest that
LSD (25 mcg) indeed induces stimulant effects, as
the effects were similar to those of amphetamine
(20 mg).42 This does not exclude the possibility
that psilocybin and LSD would have dissimilar
effects; it rather supports the claims by users that
LSD in low doses has stimulant effects.17,22 Therefore, in light of therapy with low doses of LSD or
psilocybin it is necessary to know whether they
have a different, and perhaps a complementary,
effect pattern that could be employed successively
to treat different symptoms (‘cognitive’ or ‘affective’) observed in one psychiatric disorder.
Conclusion
While preliminary findings demonstrated the
therapeutic efficacy of full psychedelic doses in
the treatment of depression, anecdotal reports
suggest that lower doses, without the psychedelic
experience, are beneficial too. As clinical microdosing trials in depressed patients yet have to take
place, some of the reviewed studies showed subtle
positive effects on cognitive and affective processes that are dysfunctional in depressed patients.
Of note, because this is based on small samples of
mostly healthy, young volunteers, it is too early to
draw conclusions about its therapeutic efficacy.
Nevertheless, these preliminary findings warrant
the exploration of the safety and therapeutic efficacy of microdosing psychedelics for depression.
Conflict of interest statement
The author declares that there is no conflict of
interest.
Funding
The author received no financial support for the
research, authorship, and/or publication of this
article.
Ethical statement
No approval was required for this work
journals.sagepub.com/home/tpp

KPC Kuypers
ORCID iD
Kim P.C. Kuypers
7634-3809

https://orcid.org/0000-0001-

References
1. Nichols DE. Psychedelics. Pharmacol Rev 2016;
68: 264–355.
2. Studerus E, Kometer M, Hasler F, et al. Acute,
subacute and long-term subjective effects of
psilocybin in healthy humans: a pooled analysis of
experimental studies. J Psychopharmacol 2011; 25:
1434–1452.
3. Kometer M, Schmidt A, Bachmann R, et al.
Psilocybin biases facial recognition, goal-directed
behavior, and mood state toward positive
relative to negative emotions through different
serotonergic subreceptors. Biol Psychiatry 2012;
72: 898–906.
4. Liechti ME. Modern clinical research on LSD.
Neuropsychopharmacology 2017; 42: 2114–2127.
5. Johnson M, Richards W and Griffiths R. Human
hallucinogen research: guidelines for safety.
J Psychopharmacol 2008; 22: 603–620.
6. Johnson MW, Griffiths RR, Hendricks PS, et al. The
abuse potential of medical psilocybin according
to the 8 factors of the Controlled Substances Act.
Neuropharmacology 2018; 142: 143–166.
7. Sakloth F, Leggett E, Moerke MJ, et al. Effects
of acute and repeated treatment with serotonin
5-HT2A receptor agonist hallucinogens on
intracranial self-stimulation in rats. Exp Clin
Psychopharmacol 2019; 27: 215–226.
8. dos Santos RG, Osório FL, Crippa JAS, et al.
Antidepressive, anxiolytic, and antiaddictive
effects of ayahuasca, psilocybin and lysergic
acid diethylamide (LSD): a systematic review of
clinical trials published in the last 25 years. Ther
Adv Psychopharmacol 2016; 6: 193–213.
9. Johnson MW and Griffiths RR. Potential
therapeutic effects of psilocybin. Neurotherapeutics
2017; 14: 734–740.
10. Fuentes JJ, Fonseca F, Elices M, et al. Therapeutic
use of LSD in psychiatry: a systematic review
of randomized-controlled clinical trials. Front
Psychiatry 2020; 10: 943.
11. Goldberg SB, Pace BT, Nicholas CR, et al. The
experimental effects of psilocybin on symptoms
of anxiety and depression: a meta-analysis.
Psychiatry Res 2020; 284: 112749.
12. Roseman L, Nutt DJ and Carhart-Harris RL.
Quality of acute psychedelic experience predicts

journals.sagepub.com/home/tpp

therapeutic efficacy of psilocybin for treatmentresistant depression. Front Pharmacol 2018; 8:
974.
13. Fadiman J. The psychedelic explorer’s guide: safe,
therapeutic, and sacred journeys. Simon and
Schuster, 2011.
14. Hutten NRPW, Mason NL, Dolder PC, et al.
Self-rated effectiveness of microdosing with
psychedelics for mental and physical health
problems among microdosers. Front Psychiatry
2019; 10: 672.
15. Hutten NRPW, Mason NL, Dolder PC,
et al. Motives and side-effects of microdosing
with psychedelics among users. Int J
Neuropsychopharmacol 2019; 22: 426–434.
16. Kuypers KP, Ng L, Erritzoe D, et al. Microdosing
psychedelics: more questions than answers?
An overview and suggestions for future research.
J Psychopharmacol 2019; 33: 1039–1057.
17. Johnstad PG. Powerful substances in tiny
amounts: an interview study of psychedelic
microdosing. Nord Stud Alcohol Dr 2018; 35:
39–51.
18. Fadiman J and Korb S. Might microdosing
psychedelics be safe and beneficial? An initial
exploration. J Psychoactive Drugs 2019; 51:
118–122.
19. Lea T, Amada N, Jungaberle H, et al.
Microdosing psychedelics: motivations, subjective
effects and harm reduction. Int J Drug Policy
2020; 75: 102600.
20. Polito V and Stevenson RJ. A systematic study of
microdosing psychedelics. PLoS One 2019; 14:
e0211023.
21. Webb M, Copes H and Hendricks PS. Narrative
identity, rationality, and microdosing classic
psychedelics. Int J Drug Policy 2019; 70: 33–39.
22. Anderson T, Petranker R, Rosenbaum D, et al.
Microdosing psychedelics: personality, mental
health, and creativity differences in microdosers.
Psychopharmacology (Berl) 2019; 236: 731–740.
23. Halberstadt AL and Geyer MA. Multiple
receptors contribute to the behavioral effects of
indoleamine hallucinogens. Neuropharmacology
2011; 61: 364–381.
24. Horowitz M. Interview with Albert Hofmann.
High Times, 1976; 11: 24–31.
25. Ghose T. Short trip? More people ‘microdosing’
on psychedelics drugs. Live Science, https://
www.nbcnews.com/science/weird-science/shorttrip-more-people-microdosing-psychedelicdrugs-n390791 (2015, accessed 19 August 2020)

13

Therapeutic Advances in Psychopharmacology 10
26. Lea T, Amada N, Jungaberle H, et al. Perceived
outcomes of psychedelic microdosing as selfmanaged therapies for mental and substance use
disorders. Psychopharmacology (Berl) 2020; 237:
1521–1532.

38. Bershad AK, Preller KH, Lee R, et al.
Preliminary report on the effects of a low dose
of LSD on resting-state amygdala functional
connectivity. Biol Psychiatry Cogn Neurosci
Neuroimaging 2020; 5: 461–467.

27. Family N, Maillet EL, Williams LTJ, et al.
Safety, tolerability, pharmacokinetics, and
pharmacodynamics of low dose lysergic acid
diethylamide (LSD) in healthy older volunteers.
Psychopharmacology (Berl). Epub ahead of print
18 December 2019. DOI: 10.1007/s00213-01905417-7.

39. Gasser P, Holstein D, Michel Y, et al. Safety and
efficacy of lysergic acid diethylamide-assisted
psychotherapy for anxiety associated with lifethreatening diseases. J Nerv Ment Dis 2014; 202:
513–520.

28. Griffiths RR, Johnson MW, Richards WA, et al.
Psilocybin occasioned mystical-type experiences:
immediate and persisting dose-related effects.
Psychopharmacology (Berl) 2011; 218: 649–665.
29. Hasler F, Grimberg U, Benz MA, et al.
Acute psychological and physiological effects
of psilocybin in healthy humans: a doubleblind, placebo-controlled dose-effect study.
Psychopharmacology (Berl) 2004; 172: 145–156.
30. Madsen MK, Fisher PM, Burmester D, et al.
Psychedelic effects of psilocybin correlate with
serotonin 2A receptor occupancy and plasma
psilocin levels. Neuropsychopharmacology 2019;
44: 1328–1334.
31. Moreno FA, Wiegand CB, Taitano EK, et al.
Safety, tolerability, and efficacy of psilocybin in
9 patients with obsessive-compulsive disorder. J
Clin Psychiatry 2006; 67: 1735–1740.

41. Isbell H, Belleville RE, Fraser HF, et al. Studies
on lysergic acid diethylamide (LSD-25). I. Effects
in former morphine addicts and development of
tolerance during chronic intoxication. AMA Arch
Neurol Psychiatry 1956; 76: 468–478.
42. McGlothlin W, Cohen S and McGlothlin MS.
Long lasting effects of LSD on normals. Arch Gen
Psychiatry 1967; 17: 521–532.
43. Isbell H, Fraser HF, Wikler A, et al. Tolerance to
diethylamide of lysergic acid (LSD-25). Fed Proc
1955; 14: 354.
44. Greiner T, Burch NR and Edelberg R. Threshold
doses of LSD in human subjects. Fed Proc 1957;
16: 303.

32. Prochazkova L, Lippelt DP, Colzato LS, et al.
Exploring the effect of microdosing psychedelics
on creativity in an open-label natural setting.
Psychopharmacology (Berl) 2018; 235: 3401–3413.

45. Dolder PC, Schmid Y, Haschke M, et al.
Pharmacokinetics and concentration-effect
relationship of oral LSD in humans. Int J
Neuropsychopharmacol 2015; 19: pyv072.

33. Yanakieva S, Polychroni N, Family N, et al. The
effects of microdose LSD on time perception: a
randomised, double-blind, placebo-controlled
trial. Psychopharmacology (Berl) 2019; 236:
1159–1170.

46. Pokorny T, Preller KH, Kometer M, et al. Effect of
psilocybin on empathy and moral decision-making.
Int J Neuropsychopharmacol 2017; 20: 747–757.

34. Passie T. The science of microdosing psychedelics.
London: Psychedelic Press, 2019.
35. Aday JS, Mitzkovitz CM, Bloesch EK, et al.
Long-term effects of psychedelic drugs: a
systematic review. Neurosci Biobehav Rev 2020;
113: 179–189.
36. Abramson HA, Kornetsky C, Jarvik ME, et al.
Lysergic acid diethylamide (LSD-25): Xi.
Content analysis of clinical reactions. J Psychol
1955; 40: 53–60.
37. Bershad AK, Schepers ST, Bremmer MP,
et al. Acute subjective and behavioral effects
of microdoses of lysergic acid diethylamide in
healthy human volunteers. Biol Psychiatry 2019;
86: 792–800.

14

40. Greiner T, Burch NR and Edelberg R.
Psychopathology and psychophysiology of
minimal LSD-25 dosage; a preliminary dosageresponse spectrum. AMA Arch Neurol Psychiatry
1958; 79: 208–210.

47. Pokorny T, Duerler P, Seifritz E, et al. LSD
acutely impairs working memory, executive
functions, and cognitive flexibility, but not riskbased decision-making. Psychol Med. Epub ahead
of print 10 September 2019. DOI: 10.1017/
s0033291719002393.
48. Nagatomo T, Rashid M, Muntasir HA,
et al. Functions of 5-HT2A receptor and
its antagonists in the cardiovascular system.
Pharmacol Ther 2004; 104: 59–81.
49. Bershad AK, Preller KH, Lee R, et al.
Preliminary report on the effects of a low dose
of LSD on resting-state amygdala functional
connectivity. Biol Psychiatry Cogn Neurosci
Neuroimaging 2020; 5: 461–467.
50. Vanderhasselt M-A, De Raedt R, De Paepe A,
et al. Abnormal proactive and reactive cognitive

journals.sagepub.com/home/tpp

KPC Kuypers
control during conflict processing in major
depression. J Abnorm Psychol 2014; 123: 68–80.
51. Mason NL, Mischler E, Uthaug MV, et al. Subacute effects of psilocybin on empathy, creative
thinking, and subjective well-being. J Psychoactive
Drugs 2019; 51: 123–134.
52. Boardman WK, Goldstone S and Lhamon WT.
Effects of lysergic acid diethylamide (LSD) on
the time sense of normals; a preliminary report.
AMA Arch Neurol Psychiatry 1957; 78: 321–324.
53. Wittmann M and Schmidt S. Mindfulness
meditation and the experience of time. In:
Schmidt S and Walach H (eds) Meditation
– neuroscientific approaches and philosophical
implications. Cham: Springer, 2014.
54. Dunn R, Callahan JL and Swift JK. Mindfulness
as a transtheoretical clinical process.
Psychotherapy (Chic) 2013; 50: 312–315.
55. Svendsen JL, Kvernenes KV, Wiker AS, et al.
Mechanisms of mindfulness: rumination and selfcompassion. Nord Psychol 2017; 69: 71–82.
56. Anderson T, Petranker R, Christopher A, et al.
Psychedelic microdosing benefits and challenges:
an empirical codebook. Harm Reduct J 2019; 16:
43.

journals.sagepub.com/home/tpp

57. Olson JA, Suissa-Rocheleau L, Lifshitz M, et al.
Tripping on nothing: placebo psychedelics and
contextual factors. Psychopharmacology (Berl)
2020; 237: 1371–1382.
58. Abramson HA and Rolo A. Lysergic acid
diethylamide (LSD-25). 38. Comparison with
action of methysergide and psilocybin on test
subjects. J Asthma Res 1965; 3: 81–96.
59. Lea T, Amada N and Jungaberle H. Psychedelic
microdosing: a subreddit analysis. J Psychoactive
Drugs. Epub ahead of print 24 October 2019.
DOI: 10.1080/02791072.2019.1683260.
60. Nazaryan A. Acid is the new xanax. Newsweek, 2
March 2017.
61. Hutcheson JD, Setola V, Roth BL, et al.
Serotonin receptors and heart valve disease–it was
meant 2B. Pharmacol Ther 2011; 132: 146–157.
62. Moore A and Malinowski P. Meditation,
mindfulness and cognitive flexibility. Conscious
Cogn 2009; 18: 176–186.
63. Carhart-Harris RL, Bolstridge M, Day CMJ,
et al. Psilocybin with psychological support
for treatment-resistant depression: six-month
follow-up. Psychopharmacology (Berl) 2018; 235:
399–408.

Visit SAGE journals online
journals.sagepub.com/
home/tpp

SAGE journals

15

