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ABSTRACT

Objective: To investigate scopolamine’s rapid-acting antidepressant
effects using an active placebo comparator. Most prior intravenous
scopolamine studies reduced depressive symptomatologies
compared to saline placebo infusions within 3 days. However, the
confounding effect of placebo is unknown given that only saline
placebo has been used in prior studies.

Methods: In this trial, 40 patients with major depressive disorder were
randomized to receive single intravenous doses of either scopolamine
hydrobromide (4-6 pg/kg) or glycopyrronium bromide (4 pug/kg)
between August 2019 and April 2021 in Auckland, New Zealand.
Glycopyrronium was chosen as the active placebo due to its similar
antimuscarinic properties to scopolamine but inability to cross the
blood-brain barrier. The primary mood outcome measure was the
Montgomery-Asberg Depression Rating Scale (MADRS) administered
pre-infusion and 1, 3, 7, 14, 28, and 42 days post-infusion.

Results: Per protocol, this trial was abandoned for futility at n=40.
While scopolamine reduced MADRS scores by 12.6 (+8.7 SD) points
at day 3, glycopyrronium showed similar reductions (11.2+9.6 SD).
Frequentist linear mixed models showed no antidepressant effects

of scopolamine versus placebo (d=0.17), and Bayesian mixed effect
models showed moderate evidence in favor of the null hypothesis at
day 3 (Bayes factor=0.32). Participants remained well-blinded to drug

allocation, with 50% of participants correctly guessing their allocation.

Conclusions: The observed MADRS improvement was larger than in
prior studies, but no antidepressant effects were observed. This study
using an active placebo confirms recent studies demonstrating the
lack of antidepressant efficacy of scopolamine.
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Major depressive disorder (MDD) is the leading
cause of disability, with over 264 million people
affected globally.! Standard pharmacotherapies have a
slow onset of response (typically several weeks) and may
have undesirable adverse effects that jeopardize adherence
to treatment and quality of life.” There is, therefore, a need
to identify novel treatments for depression with a faster
onset of efficacy. In this regard, ketamine has shown the
greatest promise, with numerous clinical trials and meta-
analyses®— showing antidepressant effects of intravenous
ketamine and a nasal spray enantiomer (esketamine)
now an approved medication for treatment-resistant
depression.®

There is considerable interest in identifying other
agents that might show comparable rapid-acting
antidepressant effects to ketamine.” One such candidate
is the antimuscarinic agent scopolamine delivered
intravenously at 4 ug/kg, which has been shown in several
studies to display antidepressant effects in individuals
with MDD.8-!! However, a recent study failed to replicate
scopolamine’s antidepressant response.!? All previous
intravenous scopolamine studies utilized the same
experimental design with a single-blind saline placebo
lead-in followed by a 2-block triplicate infusion paradigm
in which scopolamine/saline was administered thrice
every 3-5 days and then crossed over to 3 further saline/
scopolamine administrations every 3-5 days.

At present, several questions remain regarding
scopolamine’s antidepressant effect. First, the initial
study tested 2-4 pg/kg and found 4 ug/kg to be
the most efficacious dose,® and subsequent studies
continued using this dose.””!? It was never established
whether or not higher doses of scopolamine yield larger
antidepressant effects. Second, the authors used the same
triplicate infusion paradigm in all studies, in which 3
scopolamine infusions are administered 3-5 days apart.
This triplicate infusion paradigm for scopolamine has
not been established as necessary for scopolamine’s
antidepressant effect. For example, in prior studies, an
antidepressant effect is already observed by 3-5 days,
at the time of the second dose, so it could be that a
single infusion of scopolamine may already elicit an
antidepressant response. Third, the purported onset and
offset of scopolamine’s antidepressant response have not
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Clinical Points

B Scopolamine, the next-most-studied rapid-acting
antidepressant after ketamine, does not appear to improve
depressive symptoms more than placebo.

B Active placebos in clinical trials (such as glycopyrrolate
in comparison to scopolamine) can still yield large mood
improvements.

been characterized—particularly as past studies reported
anecdotal improvements already by 1 day post-infusion.’
Additionally, the carryover of the antidepressant response
is present in the crossover design in past studies with no
significant washout period between conditions.®'* Lastly,
all prior research was conducted using saline placebo
without reporting of how much the deblinding, expectancy,
and adverse effects of the saline placebo contributed to the
placebo response.

To address these issues, we conducted a parallel-group
randomized controlled trial of a single dose of scopolamine
(4-6 pg/kg) compared to an active placebo glycopyrrolate
(4 pg/kg). Like scopolamine, glycopyrrolate is a muscarinic
receptor antagonist, but due to its quaternary ammonium
compound structure,'? it cannot cross the blood-brain
barrier and, therefore, is a reasonable control mimicking the
adverse effect profile and peripheral pharmacologic effects
of scopolamine.

METHODS

This trial was prospectively registered in the Australian
New Zealand Clinical Trials Registry (registration
ACTRN12619000569101). Ethical approval was granted
by the Health and Disability Ethics Committee (reference
number 18/NTA/206), and the clinical trial protocol
was peer-reviewed and prospectively published.!* Data
collection occurred between August 2019 and April 2021
in Auckland, New Zealand.

Participants—Details and Demographics

Forty participants were recruited via self-referral after
responding to advertisements on social media and physical
posters. Eligibility was assessed by psychiatric trial staff at
a screening interview. Participants were in good physical
health, were aged 18-60 years, were either male or female,
had MDD according to the DSM-5,'> had a MADRS!®!7
score of at least 20, and were medication free for at least
2 weeks (see Supplementary Appendix 1 for more details
regarding medication washout). The full inclusion and
exclusion criteria are outlined in Supplementary Table
1, and the details and demographics of the participants
are summarized in Table 1 (and extensively summarized
in Supplementary Table 2). The CONSORT diagram
is provided in Supplementary Figure 1. Participants’
expectancy was measured using the Credibility Expectancy
Questionnaire.!8

Table 1. Demographic Details of Participants

Glycopyrronium  Scopolamine

Demographics (n=16) (n=24)
Age, mean£SD, y 37.8+11.1 33.0+10.7
Male, n (%) 3(19) 9(38)
Ethnicity, n (%)
European 10 (63) 14 (58)
Maori 1(6) 4(17)
Pacific peoples 1(6) 2(8)
Asian 2(13) 3(13)
MELAA 2(13) 1(4)
Weight, mean +SD, kg 78.6+15.1 82.6+23.6
AUDIT score, mean+SD 48+35 3.9+34
Previous antidepressants tried, 09+0.9 14+1.3

mean+SD

CEQ score, mean+SD 11.38+29 11.06+3.9

MADRS score at screening, mean+SD 27.7+44 283+43

Comorbidities, mean +SD 20+15 1.6+1.5
Anxiety disorders, n (%) 14 (88) 17 (71)
Hypomania, n (%) 0(0) 1(4)
Substance use disorder (lifetime), n (%) 1(6) 2(8)
Any eating disorder, n (%) 0(0) 0(0)

Abbreviations: AUDIT = Alcohol Use Disorders Identification Test,
CEQ=Credibility Expectancy Questionnaire, MELAA=Middle Eastern/
Latin American/African.

Trial Design

After the screening visit, participants were randomized
to receive a single intravenous infusion of either
glycopyrronium bromide at 4 pg/kg or scopolamine
hydrobromide at 4, 5, or 6 pg/kg in a 2:1:1:1 ratio. On the
study day, participants arrived at the research center having
already fasted for 2 hours and were set up with 2 intravenous
cannulas. Participants received a 15-minute infusion of their
assigned drug and concentration using an Alaris PK Syringe
Pump (CareFusion, United Kingdom). Participants stayed
onsite for 4 hours for monitoring in addition to completing
resting-state eyes-open electroencephalography tasks and
questionnaires and providing blood samples. These data
will be reported in future publications. Participants were
followed up at 1, 3, 7, 14, 28, and 42 days post-infusion.
The conduct of the trial staff is described further in
Supplementary Appendix 2.

Outcomes and Questionnaires

Blinded trial staff completed the MADRS'®!” on the
study day before the drug, at 3 hours post-infusion, and at
each of the scheduled follow-up telephone appointments.
Blinded trial staff were never present at the interventions or
in the immediate follow-up care, to avoid deblinding. The
potential therapeutic study staff-participant relationship and
MADRS reliability are discussed further in Supplementary
Appendixes 3 and 4. The Quick Inventory of Depressive
Symptomatology—Self Report (QIDS)! was also completed
by participants at the same time intervals as the MADRS.
The Biphasic Alcohol Effect Scale (BAES),?’ Subjective High
Assessment Scale (SHAS),?! and Clinician-Administered
Dissociative States Scale (CADSS)?? were completed between
35 and 60 minutes post-infusion. The 11-Dimensional
Altered State of Consciousness (11DASC) questionnaire??
was completed at 180 minutes post-infusion. The General
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Symptomatology.

Assessment of Side Effects (GASE)** was completed at 180
minutes and at 7 days after the study day. The Bowdle visual
acuity scale (VAS)?® was completed before the infusion and
at 5, 10, 15, 20, 30, 60, 120, and 240 minutes post-infusion.
Vital sign monitoring consisted of hourly blood pressure
measurements. The timeline of outcomes and questionnaires
is summarized in Supplementary Figure 2 as a SPIRIT figure.

Power Calculations and Stopping Rules

As agreed with the regulator, MedSafe New Zealand,
the following power calculations and stopping rules were
implemented prior to commencement.!* Using G*Power
3.1,% the primary outcome analysis was the MADRS score
at 3 days (as this was most comparable to previous literature)
with a=.05 and 1 - =0.80 between the 3 scopolamine dose
groups combined against the active placebo glycopyrronium
group. The sample size ratios were 1:1:1:2 to avoid
overweighting the treatment group; however, for mood
effects analysis, all scopolamine dose groups were combined
and compared to the glycopyrronium group. Prospectively
published stopping rules stated that interim analysis at n =40
would declare a negative result, increase the sample size
by n=20, or declare a positive result if the between-drug

interim Was <0.75, 0.75-0.92, or>0.92, respectively. For an
interim analysis in which the conditional power is>50%,
the effect can be considered “promising” and sample size can
be increased without biasing the final outcome analysis.?”?8
Had a further 20 participants been recruited, the minimum
detectable dj;,, would be 0.75.

Clinical Mood Effects Analysis

The primary outcome measure was the MADRS score
analyzed under an intention-to-treat framework using
linear mixed models with the package “lme4” using R
v4.0.3.%? For the linear mixed models, drug (scopolamine or
glycopyrronium) and time (categorical) were considered as
fixed effects and participants as a random (intercept-only)
effect. The primary estimand of interest given the literature
was the regression coefficient and effect size of the day 3
MADRS measure, as this was the most comparable point
to prior literature. Bayesian mixed effect analyses were
also conducted to gain posterior densities of the regression
coefficients. R scripts and data for these analyses are provided
here: https://doi.org/10.17608/k6.auckland.19350854. Four
minor deviations to protocol are explained in Supplementary
Appendix 5.
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Table 2. Frequentist and Bayesian Summaries of Mood Scores With the Equation MADRS ~

(Drug xTime) + (1|ID) (Frequentist Analysis Denotes Linear Mixed Model)

Bayesian

Frequentist Lower Upper Bayes
Parameters B t d B 95% HDI  95% HDI factor Interpretation of null
Intercept 27.69 1341 433
Drug 0.56 0.21 0.07 1.00 -3.69 5.63 0.21  Moderate evidence for
Time (3 hour) -825 —-403 -1.30 -7.26 -10.92 -3.62 135.93  Extreme evidence against
Time (1 day) -11.44 -558 -1.80 -10.50 -14.17 -6.84 11,409.73  Extreme evidence against
Time (3 day) -11.19 -546 -1.76 -10.22 -13.92 —6.58 14,370.54 Extreme evidence against
Time (1 week) -10.06 -491 -1.59 -9.07 -12.68 -541 2,701.09  Extreme evidence against
Time (2 weeks) -7.69 =375 -1.21 -6.75 -1043 -3.09 70.52  Very strong evidence against
Time (4 weeks) -700 -342 -1.10 -6.09 -9.73 -2.46 3235 Very strong evidence against
Time (6 weeks) -788 =385 -124 -696 -10.64 -3.27 97.65  Very strong evidence against
Drug:time (3 hour) 2.83 1.07 0.35 1.92 -2.72 6.57 0.28 Moderate evidence for
Drug:time (1 day) -269 -1.02 -0.33 -3.46 -8.20 1.16 0.63 Anecdotal evidence for
Drug:time (3 day) -140 -0.53 -0.17 -2.22 -6.85 239 0.32 Moderate evidence for
Drug:time (1 week) 1.10 0.42 0.13 0.21 -4,52 4.84 0.19 Moderate evidence for
Drug:time (2 weeks) 0.23 0.09 0.03 -0.57 -5.31 4,08 0.19 Moderate evidence for
Drug:time (4 weeks) -0.25 -0.10 -0.03 -1.05 -5.73 3.60 0.21 Moderate evidence for
Drug:time (6 weeks) -0.50 -0.19 -0.06 -1.29 -5.99 3.40 0.23 Moderate evidence for

Abbreviations: 8 = parameter estimate, d = Cohen effect size, HDI = highest density interval, MADRS = Montgomery-Asberg

Depression Rating Scale, t=t statistic.

Psychotropic Effects, Adverse Effects,
Responder Status, and Deblinding

The Bowdle VAS was analyzed as per Zuurman et
al,’® the BAES questionnaire summed 7 sedative and
7 stimulant effect questions, the SHAS and CADSS
questionnaires summed all questions’ scores, and
the 11DASC was analyzed as per Studerus et al.’!
Adverse effects were reported through the GASE
questionnaire, but adverse effects were reported only
if>15% of participants in either group reported the
effect. The adverse effects of both these medicines
are well-described in their product data sheets, so
this reporting was used to investigate the extent of
blinding.

Participants were recorded as responders if their
MADRS score decreased by at least 50%. However, as
some participants’ mood scores fluctuated between
day 1 and day 3, responder status was reported as day-
1-only responder, day-3-only responder, or the more
liberal day-1-or-3 responder.

Participants were asked at the final 6-week follow-up
whether they thought they received scopolamine or
the active placebo and asked to rate their confidence
in this guess out of 10. Methodological considerations
regarding the timing of the guesses are discussed in
Supplementary Appendix 6. The percentage of correct
guesses and the average confidence ratings were
recorded.

RESULTS

The interim analysis at n=40 yielded a
nonsignificant F statistic (F=0.045, P=.83). The
between-drug effect sizes at days 1 and 3 were 0.33
and 0.17, respectively. Following our stopping rules,
the trial was abandoned for futility and completed at

Table 3. Reported Adverse Effects and De-Blinding Parameters?®

Odds ratio
Glycopyrronium  Scopolamine  (confidence
(n=16) (n=24) interval)
Adverse effect
Agitation 0(0) 5(21) 7.4(0.4-143.2)
Dizziness 3(19) 10 (42) 2.2(0.5-9.4)
Dry mouth 11(69) 14 (58) 0.8(0.3-2.3)
Insomnia 0(0) 4(17) 6.1(0.3-120.3)
Fatigue 2(13) 7(29) 2.3(0.4-12.7)
Palpitations 3(19) 1(4) 0.2 (0.02-2.3)
De-blinding
Participants correct guess 8 (50) 11 (50°) 1.0 (0.3-3.1)
Participants confidence 5.47+2.58 5.70+2.67
rating, mean+SD
Rater correct guess 6(38) 17 (77°) 2.1(0.7-6.4)
Rater confidence rating, 533+2.32 6.01+2.44
mean+SD
Responders
Atday 1 4(25) 13 (54) 2.2(0.6-7.8)
At day 3 6(38) 12 (50) 1.3(0.4-4.3)
At either day 1 or day 3 6(38) 16 (67) 1.8 (0.6-5.5)

Values expressed as count of events (%) unless otherwise noted.
bThe denominator for these calculations was 22 due to 2 protocol deviations.

n =40, with no significant difference between the mood responses
to scopolamine and the active placebo, glycopyrronium.

Mood Responses to Scopolamine and Placebo

Following scopolamine and glycopyrronium infusions, there
were large reductions in MADRS scores. Glycopyrronium and
scopolamine improved mood scores (+SD) by 11.4£8.2 and
14.1+7.3 MADRS points at day 1, respectively, and 11.2+9.6 and
12.6 £8.7 MADRS points at day 3, respectively (Figure 1A, Table
2). The corresponding effect sizes at day 3 for glycopyrronium
and scopolamine were 1.93 and 2.17, respectively. However, the
between-drug effect size favoring scopolamine was 0.17. On
average, participants entered the trial with moderate depression,
and their mood improved on average to mild depression by 3 days
(Figure 1A). The self-reported QIDS also showed consistent results

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2022 Copyright Physicians Postgraduate Press, Inc.

e4 [E PSYCHIATRIST.COM

J Clin Psychiatry 83:5, September/October 2022



Antidepressant Effects of Scopolamine vs Active Placebo

Figure 2. Psychotropic and Basic Physiologic Effects of Glycopyrronium

and Scopolamine®
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*Statistically significant by unprotected Welch t test (a=.05).
Abbreviations: 11DASC=11-Dimensional Altered States of Consciousness, BAES =Biphasic
Alcohol Effects Scale, CADSS = Clinician-Administered Dissociative States Scale,

SHAS =Subjective High Assessment Scale.

with the average participant’s depressive symptoms changing
from moderate (12.1+4.5 and 12.1+4.1) to mild (8.1+3.8
and 7.5+6.2) at 3 days post-infusion (for glycopyrronium
and scopolamine, respectively) (Figure 1B). Despite these
large magnitude mood improvements, no significant effect
was found between glycopyrronium and scopolamine.
In frequentist linear mixed model analyses, the 3-day
between-drug effect size favoring scopolamine was 0.17,
which yielded a lack of evidence against the null hypothesis
(Table 2). The residuals for this linear mixed model appeared
normally distributed (Shapiro P value=.282). The Bayesian
analysis at 3 days yielded a Bayes factor of 0.32, indicating
moderate evidence for the null hypothesis (Table 2). The
scopolamine group had a higher but nonsignificant day 1
or 3 responder rate than glycopyrronium (odds ratio [95%
CI]=1.8 [0.6-5.5], P=.32, Table 3). Regarding the potential
covariates dose, sex, MADRS baseline severity, and number

of medications tried, significant confounding effects were
not observed, but this was attributed to lack of power (see
Supplementary Appendix 7).

Psychotropic, Adverse, and Deblinding Effects

Overall, the psychotropic and adverse effect profile of
the 2 drugs appeared to be roughly similar, with the most
reported adverse effect being dry mouth. No treatment-
emergent serious adverse events were detected. The Bowdle
VAS showed slight increases in external and internal
perception acutely in both groups, but the glycopyrronium
group appeared to abate more quickly on average. In
contrast, the scopolamine group appeared to persist with
changes to external and internal perception leading to
significant differences particularly at 120 and 240 minutes
between the 2 groups (Figure 2A and 2B). Glycopyrronium
caused some feelings of a “high” acutely (Figure 2C), but
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Figure 2 cont’d. Psychotropic and Basic Physiologic Effects of Glycopyrronium and

Scopolamine?
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CADSS =Clinician-Administered Dissociative States Scale, SHAS = Subjective High Assessment Scale.
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scopolamine caused greater feelings of a “high™as shown in
the SHAS (Figure 2]) and for longer, leading to significant
differences in the VAS at 60 and 240 minutes (Figure 2C).
Comparatively, while both glycopyrronium and scopolamine
caused feelings of drowsiness, scopolamine caused greater
sedative effects according to the BAES (Figure 2H) and
at every time point recorded in the VAS (Figure 2D).
Comparatively, no dissociative effects were recorded by
the CADSS (Figure 21, 2K), though scopolamine caused
feelings of “slow”-ness, which contributed to the difference
in impaired cognition in the 11DASC (Figure 2K). Systolic
blood pressure did not change significantly, but scopolamine
lowered diastolic blood pressure and heart rate. In contrast,
glycopyrronium caused increased diastolic blood pressure
and heart rate, leading to significant differences at 1 and 2
hours post-infusion (Figure 2F, 2G). The effects of the drugs
usually subsided by the end of the day.

Participants were well blinded to the drug they were
receiving, with only 50% of participants in both groups
guessing the drug they received correctly with similar
confidence ratings (Table 3). The MADRS rater appeared
to more frequently guess scopolamine (77%) correctly than
glycopyrronium (38%), but with similar confidence ratings
across both groups.

DISCUSSION

Evaluation of Antidepressant
Effects of Scopolamine

The present trial indicates that scopolamine has no
antidepressant effect in patients with MDD. This is due
to the lack of difference in the antidepressant responses
between scopolamine and glycopyrronium (Table 2, Figure
1A). Moreover, Bayesian analysis provides moderate
evidence in favor of the null hypothesis of no between-drug
effect. Notably, both treatment and control groups retained
similar levels of blinding near chance and similar pre-trial
expectancy (Table 1). The simplest explanation of the mood
improvements observed in both groups is due to placebo
responses.

However, the baseline to day 3 MADRS improvements
of 12.6 observed for scopolamine are larger than previous
findings. From the 5 published IV scopolamine studies,
average baseline to day 3 post-scopolamine infusion
changes ranged from 4.1-9.6 MADRS improvements when
scopolamine was administered first, or 2.6-12.5 MADRS
improvements when scopolamine was administered after
the crossover.®!? The differences in mood improvements
may be accounted for by study design and differing
placebo. Prior studies utilize single-blind lead-in designs
which may diminish the placebo response,® but may
also lead to increased drug-placebo treatment differences
in antidepressant studies.>* Lastly, given that treatment
resistance is negatively associated with placebo response
magnitude,®3¢ our relatively treatment-naive cohort
exhibiting larger mood improvements is congruent with the
results found by Park et al,'? whose recent negative trial of

Antidepressant Effects of Scopolamine vs Active Placebo

scopolamine was attributed to a more severely depressed
and treatment-resistant cohort. Overall, differing study
designs may explain why the MADRS improvements in
the present study are larger and more similar between the
drug and active placebo groups.

The use of saline placebo may cause deblinding
effects, which may, in turn, diminish the placebo effect.
The previous crossover studies mentioned that blinding
was harder to maintain, particularly in the scopolamine/
placebo group.’ These participants would have already
experienced the active drug scopolamine, so receiving
the saline placebo in the second arm may cause said
deblinding effects, which diminish the placebo effect.
Furthermore, alongside deblinding effects, saline may also
cause a “disappointment” effect, which also diminishes the
placebo effect. This has been observed in 2-arm clinical
trials for ketamine, where MADRS improvements of 7.0
are observed for midazolam (active) placebos and 1.6
for saline placebos.’” As a result of the differing study
design and the use of saline placebos, the combination
of inadequate blinding and the greater “disappointment”
effect in the saline placebo arm has potentially exposed
past research to false positives.

An alternative interpretation is that glycopyrronium may
be acting as an antidepressant by peripheral antimuscarinic
effects. Given that peripheral antimuscarinic effects have
already been suggested to be a mechanism of action for
scopolamine’s antidepressant effect,” this could implicate
the peripheral antimuscarinic effects and, subsequently,
the parasympathetic nervous system in depressive
etiology. A potential mechanism of action could be that
depressed individuals have higher rates of stress and,
therefore, an underactive or atypical parasympathetic
nervous system (PSNS).*® Acutely blocking the PSNS via
antimuscarinic agents could reset or restore regular PSNS
activity. Previous research has shown that scopolamine
increased heart rate variability and PSNS activity in healthy
individuals and patients with heart failure 24 hours post-
administration.***! However, glycopyrronium (and a
variety of other anticholinergic drugs) have been used for
over 50 years in various domains of medicine!® with no
reports of antidepressant effects. Furthermore, to have
stumbled across the optimal dose and therapeutic time
window in this trial by coincidence would be unlikely.
Moreover, the muscarinic receptor binding profiles of
scopolamine and glycopyrrolate are different,*>** and
preclinical models of scopolamine’s potential mechanism
of action in depression are centered around central
nervous system activity.”*##¢ Taken together, while
we cannot exclude this possibility, it is an improbable
scenario. Comparatively, the similar expectancy, adverse
effect profile of both drugs, and strong blinding make
it more likely that the large antidepressant responses
observed are due to large placebo responses. This finding
highlights the importance of adequate blinding because
successful blinding (such as in this study) can nullify large
antidepressant effects.
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Psychotropic, Adverse,
and Deblinding Effects and Responder Status
Scopolamine had a more prolonged and intense
psychotropic, sedative, antisialic, and adverse effect profile
(Figure 2, Table 3). Comparatively, participants in the
glycopyrrolate only showed mild central nervous system
effects like drowsiness—though this was possibly due to
being seated for extended periods of time. As participants
received only 1 drug (ie, participants had no comparison
to make as in crossover), it was difficult for participants to
guess the correct drugleading to the 50% correct guess rate.
Particularly as participants were only given the opportunity
to guess at the end of 6 weeks, there may also have been
recollection biases. Raters have access to participants’ mood
changes over the 6 weeks, therefore, achieving 38% and 77%
correct guess rates for glycopyrronium and scopolamine,
respectively, matches with the 38% and 67% responder
rates for glycopyrronium and scopolamine, respectively. By
choosing an active placebo with a very similar adverse effect
profile, along with utilizing a single-phase study where
participants only receive 1 of the drugs, better blinding
was achieved for both participants and raters than previous
studies with scopolamine.

Strengths and Limitations
The high adherence to protocol, pre-publication of
power calculations, predefined stopping rules, disclosure

of deblinding effects, and participant expectancy effects
were all strengths of the study. The use of an active placebo,
glycopyrronium was also a strength that appeared to provide
strong blinding effects and equalized the placebo effect in
both groups.

However, the use of only an active placebo,
glycopyrronium, is also a limitation. As past studies utilized
saline placebos, this makes a comparison with past research
nonequivalent. Other active placebos such as midazolam*”48
and remifentanil® have been used in assessing ketamine’s
antidepressant effect. Future research in scopolamine
using said active placebo comparators may provide better
comparability to previous research with ketamine and active
placebos.

CONCLUSION

This study presents evidence to suggest that scopolamine
is not an antidepressant, as the mood changes after
scopolamine infusion are not larger than after active placebo
infusion. While this study yields larger depressive mood
improvements than in prior studies, a well-controlled trial
can cause even a large antidepressant effect to disappear.>
Therefore, this trial calls into question the appropriate choice
of an active placebo and emphasizes the importance of strong
blinding conditions to control expectancy effects in clinical
trials of mood disorders.
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