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1 | INTRODUCTION

Hanna M. Molla?

| AnyaBershad® | Michael Bremmer?

Abstract

The resurgence of interest in using psychedelic drugs, including lysergic acid
diethylamide (LSD), in psychiatry has drawn attention to the medically unsupervised
practice of ‘microdosing’. Thousands of users claim that very low doses of LSD, taken
at 3-4-day intervals, improve mood and cognitive function., However, few controlled
studies have described the effects of the drug when taken in this way. Here, in a
double-blind controlled study, we studied the effects of four repeated doses of LSD
tartrate (13 or 26 pg) or placebo, administered to healthy adults at 3-4 day intervals,
on mood, cognitive performance and responses to emotional tasks. Participants were
randomly assigned to one of three drug conditions: placebo (N = 18), 13 ug LSD
(N=19), or 26 pg LSD (N = 19). They attended four 5-hour drug-administration ses-
sions separated by 3-4 days, followed by a drug-free follow-up session 3-4 days after
the last session. LSD (26 pg) produced modest subjective effects including increased
ratings of ‘feeling a drug effect’ and both stimulant-like and LSD-like effects, but the
drug did not improve mood or affect performance on psychomotor or most emotional
tasks. No residual effects were detected on mood or task performance on the drug-
free follow-up session. We conclude that within the context of a controlled setting
and a limited number of administrations, repeated low doses of LSD are safe, but pro-

duce negligible changes in mood or cognition in healthy volunteers.
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psychedelic experiences. Until now, the drug is being used without

medical supervision, and there have been few controlled studies to

The practice of ‘microdosing’ of lysergic acid diethylamide (LSD) has
received a great deal of media attention in recent years. Thousands of
people report that ingesting very low doses of LSD once every 3 or
4 days produces a wide range of beneficial mood and cognitive
effects.’™ They report benefits including improved mental function
(e.g. relief of negative moods and depression), increased positive
mood, energy level, work effectiveness and ‘healthy habits’, as well as
relief from medical conditions such as migraines, pre-menstrual dis-
comfort, traumatic brain injury and shingles. The drug is taken in
doses of 10-20 pg, or about one-tenth of the dose that produces

determine its effects under these conditions. What are the direct
effects of the drug, do these effects change with repeated dosing, and
are there lasting psychological benefits?

There are good reasons to expect that a serotonergic drug like
LSD might improve mood.

The serotonergic system is critically involved in the neurobiology
of depression, and 5HT,, signalling in particular may underlie the
effectiveness of selective serotonin reuptake inhibitor (SSRI) antide-
pressants.® LSD acts as a direct agonist on serotonin receptors,

whereas SSRI's block reuptake of serotonin and often take weeks to
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be clinically effective. LSD also acts on other neurotransmitter sys-
tems, including notably the dopamine system,” which has itself been
the target of antidepressant drugs such as bupropion.® At higher
doses, however, the altered states of consciousness induced by LSD
appear to depend on its effects on 5HT2A.°*! Interestingly, there is
some evidence for antidepressant effects of repeated low doses of
LSD and other psychedelic drugs from animal models. Small,
repeatedly administered doses of the psychedelic drug N,N-
dimethyltryptamine (DMT) enhance fear extinction learning and time
to immobility on the forced swim test in rodents, another metric of
possible antidepressant effects.’? In an animal model of antidepres-
sant effects (olfactory bulbectomy), repeated small doses of LSD and
other psychedelic drugs improved deficits in active avoidance learn-
ing, a defining feature of other antidepressant drugs.*® The authors
suggested that repeated activation of 5HT2A receptors led to a
rebalancing of SHT1A/2A receptors and a resulting downregulation of
5HT2A receptors that has been linked to effectiveness of antidepres-
sants. LSD has a long history of use in psychotherapy, which has
recently been revisited in clinical research studies. In the 1950s and
1960s, over 1000 studies were published supporting therapeutic
effects of LSD in combination with psychotherapy.’*"¢ Although the
findings were promising, many of these early studies lacked adequate
control groups and did not isolate drug effects from effects of the psy-
chotherapy itself. More recently, several controlled clinical studies
report therapeutic effects of moderate to high doses of LSD (200-
800 pg) or psilocybin in the treatment of depression, end-of-life anxiety
in terminally ill patients and addictive disorders.”*? These high-dose
clinical studies are promising, suggesting that psychedelic drugs have
the potential to yield lasting changes in mood and behaviour.2®

Several studies have documented subjective and physiological
effects of single low doses of LSD,2*"2® but relatively few studies
have examined effects of repeated low doses of LSD, the pattern

2425 examined the effects of six

known as microdosing. One study
repeated doses, taken every 4 days, of 5, 10 and 20 pg LSD or placebo
in 48 healthy older adults (mean age 63). The drug was well tolerated
and produced modest effects on a measure of time perception: Sub-
jects over-reproduced temporal intervals of 2000 ms and longer,
especially in the 10 pg condition. However, the drug did not signifi-
cantly alter mood, or impair cognition, balance or proprioception.
Another recent study®® used an innovative design in which experi-
enced users of microdoses of LSD or psilocybin ingested drug or pla-
cebo under double-blind conditions in their home environments.
Subjects (N = 191) were instructed on blinding their preferred psy-
chedelic drug and dose (obtained from their own sources) and a pla-
cebo using online instructions for use during a 4-week dosing period.
All subjects, regardless of drug condition, reported improvements in
well-being and cognition across the 4 weeks of treatment. This
suggested the drug had little effect on these measures. Subjects did
report acute subjective effects from the drug (compared with pla-
cebo), including increased energy, mood and creativity and post-acute
decreases in anxiety. However, when the authors removed the data
from subjects who correctly identified the drug as active (thereby

breaking the double blind), these drug effects were no longer
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significant. Even though there were no lasting improvements in mood
or cognition, the authors reasoned that any apparent benefits from
the drug could have been due to expectancy or placebo effects. The
Szigeti study raises interesting guestions about whether detectable
subjective effects truly nullify any observed therapeutic benefits
because the blind is broken or whether therapeutic benefits can occur
at doses that are detectable by the users. This presents a challenge
for psychiatric research, because it is possible that some beneficial
effects occur at doses that produce detectable acute effects. Indeed,
individuals with a low threshold for detecting the drug's effects may
be especially sensitive to its antidepressant effects.

In the present study, we administered repeated doses of LSD
(13 or 26 g LSD tartrate, which is equivalent to a dose of 10 or 20 pg
of LSD base) or placebo to healthy volunteers under controlled and
fully blinded conditions. The subjects were not experienced with micro-
dosing and were informed that they might receive any of several drug
types during the study (e.g. stimulant, sedative and hallucinogen). Par-
ticipants attended four 5-h laboratory sessions in which they received
LSD or placebo, once session every 3-4 days, followed by one drug-
free session 3-4 days later. We assessed mood and performance on
cognitive and emotional tasks during the drug administration sessions
and at follow-up. We hypothesized that repeated doses of drug, com-
pared with placebo, would improve mood and cognitive performance
and that these effects would persist to the follow-up session.

2 | MATERIALS AND METHODS

2.1 | Design

Participants (N = 56) were healthy adults aged 18-35 who reported
having used a psychedelic drug or MDMA at least once in their life-
time. After screening, they were randomly assigned to one of three
conditions to receive placebo, LSD (13 pg) or LSD (26 pug) during
four 5-h laboratory sessions, conducted at 3- to 4-day intervals
(Figure 1). After ingesting their dose, subjects completed mood
questionnaires every hour (for detailed descriptions of all subjec-
tive/self-report measures, see Supporting Information), and cardio-
vascular measures were obtained. On Sessions 1 and 4, and at the
follow-up session, subjects also completed cognitive and behavioural
tasks (for detailed descriptions of all tasks, see Supporting
Information). Primary outcome measures were ratings of mood and
performance on cognitive tasks during drug sessions and at the
drug-free follow-up.

2.2 | Subjects

Participants were recruited by flyers and social media ads. Subjects
provided informed consent before beginning the study, and the study
was approved by the University of Chicago Institutional Review
Board. Initial eligibility criteria were age 18-35, fluent in English, mini-

mum high school education, BMI 192-30, not taking medications and
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FIGURE 1 Diagram of the study design

some lifetime experience with a psychedelic drug (e.g. psilocybin, LSD,
mescaline, dimethyltryptamine or MDMA). At an in-person interview,
candidates underwent further screening including a semi-structured
psychiatric interview conducted by a clinical psychologist, a physical
examination and electrocardiogram. They also completed the Depres-
sion, Anxiety and Stress Scale (DASS-21)%7 and a detailed drug use
history questionnaire. Exclusion criteria were a medical condition con-
traindicating study participation (e.g. liver or kidney disease), current
or past substance use disorder, an unwillingness to use a psychedelic
drug, serious psychiatric conditions including current suicidal ideation,
psychosis or current panic disorder and pregnancy or planned

pregnancy in women.

23 | Procedure

2.3.1 | Orientation
Participants attended an orientation session to explain procedures
and obtain informed consent, and subjects practised tasks and ques-
tionnaires. They were instructed to abstain from illicit drugs and medi-
cations for 48 h before each session, from cannabis 7 days and from
alcohol for 24 h before each session. Adherence to these instructions
was verified by urine and breathalyser screens at the beginning of
each session. Participants were permitted to consume their normal
amounts of caffeine and nicotine before the sessions.

Subjects were instructed to have a normal night's sleep and fast
for 12 h before the session. A granola bar was provided at arrival, and
lunch was provided 120 min after drug administration. Subjects were

told that on any session, they might receive a placebo, stimulant

(e.g. methylphenidate), sedative/tranquilizer (e.g. Valium) or a ‘halluci-
nogenic’ drug (e.g. LSD).

2.3.2 | Drugadministration session

The drug administration sessions were conducted from 9 AM to 2 PM
at 3- to 4-day intervals. Participants remained in a comfortable room
with movies and reading materials, and they were allowed to relax
during times when no activities were scheduled. Upon arrival, they
provided urine and breath samples to confirm compliance to drug
abstinence instructions (Instant Drug Test Cup; CLIAwaived, San
Diego, CA) (Alco-Sensor lII; Intoximeters, St. Louis, MO), and women
were tested for pregnancy. After compliance was confirmed, subjects
completed baseline measures of subjective mood, blood pressure and
heart rate. Then at 9:30 AM, they ingested a sublingual dose of pla-
cebo (water), 13 pg LSD or 26 ug LSD (see below) under double-blind
conditions. The subject held the solution under the tongue without
swallowing for 60 s under observation by a research assistant. At reg-
ular intervals during the session, subjects completed subjective effect
measures, and heart rate and blood pressure were monitored
(Table 1). Subjects were given a standardized lunch 120 min after drug
administration. On Sessions 1 and 4, they completed cognitive and
emotion tasks (for detailed descriptions of all tasks, see Supporting
Information) at 150 min after drug administration, coinciding with the
expected peak effect of the drug. They completed the tasks in a
counterbalanced order. Subjects completed two additional question-
naires at the end of session, including the 5D-ASC questionnaire®®
and questions about the drug effect (feel drug, like drug and what
they thought they received).
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TABLE 1 Summary of measures
Sess 1 Sess 1
pre post
Depression, Anxiety and Stress Scale X
Positive and Negative Affect Scale X
Addiction Research Center Inventory, Drug X D
Effects Questionnaire, Profile of Mood
States
Heart rate, blood pressure X D
Cognitive tasks: Digital Symbol Substitution D
Test, N-back
Emotion tasks: Cyberball, Emotional Images
Task, Emotional Faces Task
5D-ASC and End-of-Session Questionnaire D

Notes: X measures in drug-free state. D measures of direct drug effects.

2.3.3 | Follow-up session (Session 5)

Three to four days after the fourth session, subjects attended a 1-h
follow-up session to assess their post-drug mood and behavioural
responses. During this session, they first provided urine and
breathalyser samples to confirm that they were drug-free. They com-
pleted the DASS-21 to assess their mood and completed the same
cognitive and emotion tasks administered during Sessions 1 and 4.

234 | Drugand doses

The drug was obtained from Organix Inc and placed in solution with
tartaric acid by the University of Chicago Investigational Pharmacy
Service. It was administered sublingually in a volume of 0.2 ml, and
placebo consisted of 0.2 ml distilled water. The 13 and 26 pg doses of
LSD were selected because they produced marginally detectable sub-
jective effects without any hallucinatory or perceptual effects.?* The
expected time to onset was 30 min, and peak plasma concentrations

were expected to occur at 1.5-3 h.2%%¢

24 | Physiological measures

Heart rate and blood pressure were obtained with a monitor (Omron
BP791IT, Omron Healthcare, Lake Forest, IL, USA) before drug
administration and every hour during the sessions.

25 | Data analysis

251 | Allanalyses were conducted using IBM
SPSS, Version 25.0 (Armonk, NY)

For direct effects of drug on Sessions 1-4, subjective and physiologi-

cal responses to the drug were assessed using three-way mixed-

Sess 2
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Sess 2 Sess 3 Sess 3 Sess 4 Sess 4 Sess
post pre post pre post 5
X
X X
D X D X D
D X D X D
D X
D D D

model analysis of variance (ANOVA). Drug (LSD 13, LSD 26, placebo)
was the between-group factor. Session day (Days 1-4) and time
(within sessions) were within-subject factors. After determining that
the time course of effects were similar across outcome measures, we
reduced the data in all figures (with the exception of DEQ data in
Figure 3), for clarity, by calculating change scores. For the DEQ, which
was not completed pre-drug, we used peak scores, and on other mea-
sures, we calculated peak change from pre-drug values for each sub-
ject. We confirmed that participants in the three groups did not differ
at baseline. Behavioural tasks completed on Sessions 1 and 4 were
compared using two-way ANOVA (drug, day). Post hoc comparisons
were performed using t-tests. Analyses were not corrected for

multiple comparisons.

252 | Lasting effects of drug

PANAS scores at the beginning of Sessions 1-4 were compared
across the three groups using mixed-model two-way ANOVA with
session day as a within-subject factor and drug as a between-
subject factor. Subjective and behavioural task data from Session
5 were analysed using one-way ANOVA with drug condition as a
between subject factor. DASS scores (Depression, Anxiety, Stress)
and total were compared using mixed-model two-way ANOVA
across the three drug treatment groups (between-subject factor), at
screening, before the first drug session and at follow-up (within-
subject factor).

3 | RESULTS

3.1 | Demographics
The groups were matched on most variables, including sex, drug use
and DASS scores. Most of the participants were Caucasian in their

mid-20s with at least some college education, who reported light to
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moderate drug and alcohol use (Table 2). The groups did not differ on
demographic characteristics or drug use history.

32 | DAssS¥

Subjects' DASS scores were within the range of a ‘normal’ sample.?”
The groups did not differ on DASS scores either at screening (one-
way ANOVA, drug, Fys3 = 0.277, p = 0.759) or before the first ses-
sion (one-way ANOVA, drug, Fasz = 1.67, p = 0.198). Scores in all
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three groups declined after the four sessions, regardless of what drug
they received (Table 3 and Figure S1).

3.3 | Positive and Negative Affect Scale®!

Positive and negative mood ratings on the Positive and Negative
Affect Scale (PANAS) did not differ across groups, either before the
first session (positive mood: one-way ANOVA, drug, F;so = 0.778,
p = 0.465; negative mood: one-way ANOVA, drug, Fzs; =1.101,

TABLE 2 Demographic characteristics and drug use history of participants in the three groups

Participant demographics

Placebo

n or mean % SD (range)

N (male/female) 18 (11/7)
Race/ethnicity
Caucasian 12
African American 0
Asian 1
Other/more than one race 5
Hispanic 4
Age, years 24.4 + 4 (19-33)
BMI 24.6 +4(17.7-31.7)
Education in years 15 +1(14-16)
Drug use in past month
Caffeine, servings/day 14 + 1 (0-4)
Tobacco, uses per week 0.03 + 0.1 (0-0.3)
Alcohol, drinks/week 25+ 2(0-7)
Alcohol, drinking days/week 2.6 +1(0-5)
Cannabis, times/month 7.6 £ 13 (0-50)
Lifetime drug use
Cannabis
1-10, 11-50, 51-100, >100 times 1,619
Tranquilizer
Never used, 1-10 times 14,4
Stimulant
Never used 9
1-10, 11-50, >50 times 54,0
Opiate
Ever used 2
Psychedelics
Ever used 17
Times used® 9.7 + 19 (1-90)
MDMA
Ever used 10
Times used® 16.8 + 35 (1-113)

?Mean for users only.

13 pg 26 pg

n or mean + SD (range) n or mean + SD (range)
19 (13/6) 19 (13/6)

11 13

2 1

2 2

4 3

2 0

26.6 £ 4(21-34) 25.9 + 5(19-35)
24.2 + 24 (20.8-28.6) 224+ 4(18.2-29.7)
15.8 + 2 (14-20) 15.9 + 2 (14-18)
1.2 +0.7 (0-3) 1.6+ 0.9 (0-3.5)
1.5+4(0-12) 0.01 £0.03 (0-0.2)
1.9+ 2(0-5) 2+1(0-5)
23+2(0-5) 2.09 + .8 (0-3.5)
5.6 + 8 (0-25) 5.3+ 9 (0-30)
2,2,4,11 3.6,3,.7

16,3 17,2

9 10

6,2,2 531

i 5

17 16

9.6 + 13 (1-50) 13.5 + 24 (1-100)
12 11

6.9 +9(1-34) 6.6+ 14 (1-50)
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TABLE 3 DASS scores for the three groups at screening, on Day
1 before drug administration and 3-4 days after the final drug
administration session

Placebo 13 ug 26 pg
Mean +5D Mean +SD Mean +SD
Depression score
Screen 6.2(5.9) 6.1(6.7) 7.5(5.5)
Session 1 3.6(39) 3.7(39) 4.9 (3.9)
Session 5 2.9 (3.0) 27(2.9) 4.5(3.7)
Anxiety score
Screen 3.1(3.6) 2122 2.2(2.5)
Session 1 1.6(2.3) 1.7 (2.4) 21.(2.3)
Session 5 24(29) 0.89 (1.1) 1.4(1.6)
Stress score
Screen 5.4 (4.3) 4.9(3.7) 6.3 (4.6)
Session 1 3.8(2.5) 4.1 (3.5) 6.3(3.7)
Session 5 3.9(3.1) 3.6(3.2) 5.3(3.4)
DASS total score
Screen 14.8 (12.6) 13.2(11.4) 15.9 (10.5)
Session 1 9.1(7.7) 9.5(8.6) 13.3 (8.6)
Session 5 9.2(8.3) 7.2 (6.0) 11.2(8.1)

Notes: Two-way ANOVA for depression score: Drug, ns; Session,

F2.106 = 2047, p = 0.001; Drug x session, ns. Two-way ANOVA for
anxiety score: Drug, ns; Session, F3 104 = 4.42, p = 0.014; Drug x session,
ns. Two-way ANOVA for stress score: Drug, ns; Session, F5 105 = 4.82,

p = 0.010; Drug x session, ns. Two-way ANOVA for total DASS score:
Drug, ns; Session, F3 106 = 15.1, p = 0.001; Drug x session, ns.

p = 0.340) or before sessions 2-4 (i.e. 3 days after first, second and
third doses) (Table $1).

34 | Direct effects of the drug®?

341 | Addiction Research Center Inventory>®

LSD, primarily 26 pg, increased scores on several Addiction Research
Center Inventory (ARCI) subscales relative to placebo, including the A
scale (main effect of drug, Fz 5z = 6.40, p = 0.003, qu =0.195; 26 pg
vs. placebo, p <0.01; 26 ug vs. 13 pg, p < 0.01), the MBG scale
(drug x session Fg15¢ = 2.56, p = 0.022, qp2 = 0.088; 26 pg vs. pla-
cebo, p<0.001 at session 1 and p<0.05 at session 3; 13 pug
vs. placebo, qu = 0.088 at session 1) and the LSD scale (main effect
of drug, Fps3=3.67, p=0.032, qu = 0.121; 26 pg vs. placebo,
p < 0.05) (Figure 2). No drug effects were observed on PCAG or BG
subscales (Figure 52).

342 | Profile of Mood State®®

The high dose of LSD significantly increased peak change scores for
the Vigor subscale, on the Profile of Mood States (POMS) (Figure 2;
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main effect of drug, Fo5, = 5.86, p = 0.005, qu = 0.184; 26 nug vs.
placebo, p < 0.05; 26 pg vs. 13 pg, p < 0.05). No main effect of drug
or drug interactions was observed on other subscales of the POMS
including Anger, Anxiety, Depression, Confusion, Elation, Fatigue or
Friendliness (Figure 54).

3.4.3 | Drug Effects Questionnaire®*

The high microdose of LSD significantly increased ‘feel drug’ ratings
(drug x timepoint, Fg21, = 3.33, p = 0.001, qu = 0.112; 26 pg vs.
placebo, p < 0.05, at 120, 195 and 255 min on session 1, 195 min on
Session 2, 195 and 255 min on Session 3 and 255 min on session 4;
26 pg vs. 13 pg, p < 0.05, at 255 min on Session 1 and 195 min on
Session 3). 26 g also increased ‘feel high® ratings (drug x timepoint,
Fg212 = 2.50, p = 0.013, r[p2 = 0.086; 26 pg vs. placebo, p < 0.05, at
195 and 255 min on Session 1 and 255 min on Session 3; 26 pg
vs. 13 pg, p < 0.05, at 120 min on Session 2) (Figure 3). Neither dose
of LSD significantly changed ratings of ‘like drug’, “dislike drug® or
‘want more’ (Figure S3).

344 |
Consciousness

5 Dimensions of Altered States of
28,35

This assessed altered states of consciousness in five domains and is
sensitive to LSD administration.®®*¢ LSD dose-dependently increased
scores on several subscales of the 5 Dimensions of Altered States of
Consciousness (5D-ASC), including experience of unity (main effect of
drug, Fos50 = 3.30, p = 0.045, qu = 0.117; post hoc analysis did not
report a significant effect), blissful state (drug, F2 50 = 5.54, p = 0.007,
qu = 0.181; 26 pg vs. placebo, p < 0.05; 26 pg vs. 13 pg, p < 0.05),
insightfulness (drug, F2 50 = 3.83, p = 0.028, qp2 = 0.133; 26 pg vs.
placebo, p < 0.05) and complex imagery (drug, F2 50 = 3.88, p = 0.027,
qp2 = 0.134; post hoc analysis did not report a significant effect). No
significant drug effects between LSD and placebo groups were
observed on the following subscales: spiritual experience, elementary
imagery, audio-visual synesthesiae, changed meaning of percepts, dis-
embodiment, impaired control and cognition and anxiety (Figure 4 and
Table S3). The effects of the drug were most pronounced during the
first session and declined during Sessions 2-4, although this change

did not reach statistical significance.

345 | End-of-Session Questionnaire

The number of subjects who identified the drug as stimulant, seda-
tive, placebo or hallucinogen is shown in Figure 5. We compared
the likelihood of correctly identifying the three substances adminis-
tered (placebo, 13 pg LSD and 26 ug LSD), across the three groups
and across the four sessions. We used GEE logistic regression and
found that only the placebo and low-dose groups differed signifi-
cantly (z= —-2.44, p = 0.0147). The group receiving placebo was



de WIT ET AL

( A) Oplacebo

B13 pg ARC' - A
4 - |26 ug (Drug) F,5,=6.4
#
o 3] * # * H#
(o]
O
0 2
S
€ 1 4
: i I‘I‘Ig[
20
5] T
o
_2 o
Session 1 Session 2 Session 3 Session 4
(C) ARCI -LSD (Drug) Fp55=3.7
3 = *
* *
® 25
[=]
@ 2
&
515
% 9
P
o 0.5 A
0
Session 1 Session2  Session3  Session 4

FIGURE 2

Addiction Biologs

SSARmT __Wl LEY. 70f13

B) ARCI - MBG
(Session x Drug) Fg 50 = 2.6

5 -
o 47
2 34
w
o 21
F ] 1 h
S o
>
£
2 4
_3 J
Session 1 Session2  Session 3 Session 4
(D) POMS - Vigor  (Drug) Rz =59
4 1 *# * i
34 *
o 5 ]
§ 7] * #
g, 0 T b o
7
521
%3 1
&4
-5 -
-6
Session 1 Session2  Session 3 Session 4

Effects of LSD on the Addiction Research Inventory (ARCI) amphetamine scale (A), MBG euphoria scale (B), LSD scale (C) and the

Profile of Mood States (POMS) Vigor scale (D). Bars depict peak change scores + SEM for Sessions 1-4. Significance between 26 pg and placebo,

“p < 0.05, "p < 0.001. Significance between 26 and 13 pg, *p < 0.05

almost five times more likely to identify their substance as placebo
than the low-dose LSD group was to identify their substance
as LSD.

3.5 | Cardiovascular measures
The drug did not significantly alter heart rate or blood pressure during
any of the sessions (Figure 6).

3.6 | Tasks: Session 1-4

3.6.1 | Emotional faces task

The drug (26 pg) decreased false alarm rates on fear faces only, during
the first and last days of drug administration (main effect of drug
Fas2 = 3.26, p = 0.046, n,> = 0.111; 26 pg vs. placebo, p < 0.050;
Figure 7). The drug did not change hit rates for any emotion compared

with placebo (Figure 57).

3.6.2 | Emotional images task

Neither dose of LSD significantly altered either positive ratings of
positive images or negative ratings of negative images during Sessions
1 and 4, when compared with placebo (Figure S5).

3.6.3 | Cognitive performance

On the n-back task, neither dose of LSD significantly affected perfor-
mance on two- or three-back trials during Sessions 1 and 4 (Figure S6).

Performance on the DSST improved across the two sessions
(main effect of session, Fy 53 =45.3, p = 0.001, qu = 0.461). There
was a non-significant trend for a session x drug interaction in the
direction of improved DSST performance after the drug (F2 53 = 3.02,
p = 0.057, n,° = 0.102) (Figure Sé).

3.64 | Simulated social rejection

On the cyberball task, the high dose of LSD decreased negative mood
ratings during the social rejection phase on Sessions 1 and 4 (main
effect of drug, F> 53 = 3.65, p = 0.033, qu = 0.121; 26 pg vs. placebo,
p < 0.05) (Figure 7). This effect did not differ significantly across
Sessions 1 and 4. The drug did not significantly alter negative mood

during the social acceptance phase (Figure S5).

3.7 | Tasks: Follow-up session (Session 5)

3.7.1 | Emotional faces task

On the follow-up session (Session 5), the LSD- and placebo-treated

groups did not differ on hit rates or false alarms in identifying facial
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FIGURE 3

Effects of LSD on ratings of ‘feel drug’ (A) and ‘feel high® (B). Points depict mean ratings = SEM during Sessions 1-4. Significance

between 26 pg and placebo, “p < 0.05. Significance between 26 and 13 ug, *n < 0.05

expressions associated with anger, disgust, fear, happiness, sadness or

surprise (Figure S8).

3.7.2 | Emotional images task

The LSD groups (13 or 26 pg) did not differ from the placebo group in

ratings of positive or negative images (Figure S8).

3.7.3 | Cognitive performance

The LSD (13 or 26 pg) groups did not differ from placebo on the n-
back or DSST tasks on session 5 (Figure S9). Interestingly, when

subjects were asked to rate (on a 7-point scale) how well they thought
they performed on the task, subjects in the high-microdose LSD group
self-reported performing significantly above average relative to other
participants (one-way ANOVA: drug, F40 = 3.86, p = 0.028, 26 pg
vs. placebo, p < 0.050) and significantly better compared with the first
time they completed the task (one-way ANOVA: drug, Fo40 = 4.77,
p = 0.013, 26 ug vs. placebo, p < 0.050).

3.74 | Simulated social rejection

The LSD (13 or 26 ug) groups did not differ from placebo on ratings of
negative mood on the cyberball task, during either social acceptance

or rejection phase (Figure S10).
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4 | DISCUSSION

During the four drug administration sessions, LSD (26 pg) produced
modest, dose-related increases in stimulant-like (ARCI A and POMS
Vigor) and LSD-like effects (ARCI) and ratings of ‘feeling a drug effect’
during the sessions. These effects appeared to be stronger on the ear-
lier sessions. The drug had no effect on most cognitive or emotional
tasks or on cardiovascular measures, except for a small decrease in
false alarm rates for recognizing fearful emotions, a decrease in feel-
ings of rejection on the social rejection task and a non-significant
trend for improved performance on the DSST. Most subjects did not
correctly identify the drug as a hallucinogen/psychedelic at either
dose. There were no lasting effects of the drug on mood or cognitive
or emotional performance on the follow-up session.

26 pg of LSD produced mainly stimulant-like subjective and
behavioural effects, including increased amphetamine-like effects
(ARCI A scale) and increased ratings of “Vigor’. Stimulant-like effects
have been reported in previous studies with LSD, at a range of
doses. 2122 Hutton et al reported that 20 pg of LSD hydrate
increased ratings of arousal and decreased lapses in attention, and
Bershad et al reported that 26 pg LSD tartrate increased ratings of
vigour. Holze et al reported dose-related increases in stimulant-like
effects from 25 to 200 ug. In addition to its effects on serotonin, LSD
is also known to act on dopaminergic and other neurotransmitter

37,38

receptor systems, and the increase in stimulant-like effect may be

related to the effects of LSD on the dopaminergic system.>* Though

the receptor activity profile of very low doses is not fully understood,
it is possible that the stimulant-like effects ohserved here are related
to actions on dopaminergic receptors.

An important challenge in this study is the low magnitude of drug
effect combined with a high level of variability in responses to the
drug, both within and between subjects. By design, the study exam-
ined doses near the threshold of detectability. This, combined with
variability in response to the drug, makes the findings difficult to inter-
pret. Variability is evident on the subjects' ratings on the Feeling of
Unity scale of the 5D-ASC, one of the most sensitive measures of
drug effect in this study. Scores on this scale for the highest dose of
LSD ranged from O to 72 (out of 100) on the first session and from
0 to 75 on the fourth session. On the end-of-session drug identifica-
tion questionnaire, less than half the subjects correctly identified LSD
at the higher dose, and this level of accuracy declined on the subse-
quent sessions. No associations between body weight and ratings of
feeling a drug effect” were found (not presented), indicating differ-
ences in body weight do not account for the variance. Variability in
response to LSD may be due in part to variation in pharmacokinetic
factors. Indeed, Holze et al reported substantial variability in peak
plasma levels after a dose of 20 ug LSD base, ranging from about
250 to 900 pg/mL. This variability could be due to differences in
absorption or hepatic metabolism, as CYP2Dé poor metabolizers have
been shown to have higher plasma concentrations of LSD relative to
extensive metabolizers.*®*? Similarly, these subjects' rating of feeling

‘under the influence’ ranged from less than 1 to over 7 on a scale of
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0-10. Even greater variability in plasma levels may have occurred in
the present study, which used a different form of LSD (tartrate). The
variability in plasma concentrations reinforces the importance of
obtaining plasma levels in each subject in future studies.

Effects of 26 ug of LSD were detected on two measures of emo-
tional response: a small decrease in false alarm rates in recognizing
fearful emotions and a decrease in feelings of rejection on the social
rejection task. Reduced erroneous observations of fearful faces may
indicate a reduced bias towards negative emotions with low doses of
LSD. Alterations in fear processing have also previously been observed
at higher doses (100 and 200 pg), where LSD impaired fear recognition
while detection of other emotions including happiness and anger were
not affected.*? The difference in doses across studies may account for
differences in fear-related emotional processing, although further work
is needed. In this study, we also found that 26 pg of LSD reduced feel-
ings of rejection during a task that emulates social exclusion. A previous
study found similar effects with a moderately high dose of the
5HT,a/14 receptor agonist psilocybin (0.215 mg/kg), and these effects
were associated with reduced activation of the dorsal anterior cingulate
cortex and middle frontal gyrus, regions involved in social pain
processing.*® Our results suggest that 5HT,a/14 stimulation with low
doses of LSD may be sufficient to elicit a similar effect. Of note, the
effects of 26 ug LSD on emotional processing were not observed 3-
4 days after the last dose, suggesting the effects are not enduring. It is
important to note that most of the effects of LSD were only observed
in the 26 pg group, a dose that was also most detectable with regard to
subjective drug experience. Whether a perceivable change in drug
experience is necessary to have a significant effect on various emo-
tional and cognitive outcome measures remains unknown and should
be further explored in future studies.

In the present study, we examined effects on various measures
following four repeated low doses of LSD, which were administered
every 3-4 days. Prior to this study, it was unknown whether repeated
dosing would result in either sensitization or tolerance to any of the
drug's effects. Here, we provide novel evidence showing a modest
decline in subjective and altered consciousness effects across the four
sessions, particularly with 26 ug of LSD. Such effects appeared to be
more pronounced on Session 1 relative to subsequent sessions, sug-
gestive of tolerance. The decline in response is biologically plausible,
given that LSD has prolonged agonist activity on the 5-HT2A
receptor,** which may lead to desensitization of the function of the
metabotropic receptor.*® It remains to be determined if there are
emotional or cognitive phenomena that emerge as a consequence of
5-HT2A receptor desensitization and/or repeated dosing. We did not
find evidence that new mood-enhancing effects emerged with
repeated dose, but it is possible that such effects were present but
not measured.

This study had limitations, and many questions remain. First, the
participants in the study did not report high levels of emotional dis-
tress before enrolling in the study, and it is possible that the beneficial
effects of low doses of LSD manifest themselves in more symptomatic
individuals. We note that self-reported anxiety and depression ratings,

as measured by the DASS, declined substantially from the initial
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screening to the first study session and then to the follow-up up
session, regardless of what drug the participants received. Thus,
symptoms may decline simply with time or with contact with clinical
research staff, reinforcing the importance of a placebo control condi-
tion. Nevertheless, future studies with more symptomatic participants
are needed. A second limitation is that the drug was administered only
four times and behaviour was measured while the drug active at the
receptor. It is possible that some effects appear only after extended
use, over periods longer than 2 weeks, between acute doses, or that
the therapeutic effects are delayed, as they are with SSRIs. This
remains to be studied. Another possible limitation or explanation of
the discrepancy between anecdotal reports and relatively modest
effects we describe here is that the tasks and questionnaires used in
this study are relatively simple standard measures that may not be
sensitive to the specific effects of psychedelic drugs. These drugs
seem to affect the way people perceive meaning in their lives, and
although we did administer the 5D-ASC, which is meant to capture
some of these effects, it is possible that the effects described by
microdosers in the community are not fully captured by our measures.
An important limitation of the study was the lack of pharmacokinetic
data, or plasma levels for each of the subjects. As noted above,
previous studies report significant variability in plasma levels in
LSD levels,2>4¢ which may have contributed to the variability in this
study.

In conclusion, the present study demonstrated the feasibility of
studying low doses of a psychedelic drug under placebo-controlled
conditions but provided little support for beneficial effects of the drug
on mood, emotional function or cognition. Despite our current find-
ings, the anecdotal reports of beneficial effects of the drug remain
compelling, suggesting that future studies may detect improvements
in mood or performance under other conditions (i.e. greater number
of repeated doses or when examined in clinically depressed

populations).
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