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Abstract
Background: Depressive disorders are a leading cause of disability, but current behavioural and pharmacological
therapies have a slow onset of response, typically taking several weeks before achieving efficacy. Prior studies using
triplicate intravenous scopolamine infusions have been shown to reduce depressive symptomologies within days
compared to saline placebo infusions. However, several parameters of scopolamine’s potential antidepressant effect
remain unknown, such as its dose–response profile and its washout period. There is also the question as to
whether the previously reported antidepressant responses were confounded by unblinding effects due to the lack
of an active placebo control. Glycopyrronium bromide was selected as placebo for this trial given it has similar
antimuscarinic properties to scopolamine hydrobromide but an inability to cross the blood–brain barrier, thereby
hypothetically mimicking only the peripheral effects of scopolamine.
Methods/Design: A parallel group trial of single intravenous scopolamine infusions at three doses (4, 5, and 6 μg/
kg) along with one glycopyrronium bromide 4 μg/kg group will be administered to 40 participants with major
depressive disorder in a 1:1:1:2 ratio, respectively. The primary outcome measure will be the Montgomery–Åsberg
Depression Rating Scale (MADRS) administered at baseline, 4 hours, 1 day, 3 days, 1 week, 2 weeks, 4 weeks, and 6
weeks post-infusion to determine antidepressant efficacy. As a secondary measure, the Quick Inventory of
Depressive Symptomatology will be administered alongside the MADRS to further track potential antidepressant
responses. Other secondary measures include electroencephalography, blood samples, and Bowdle visual acuity
scales recorded at baseline, 5, 10, 15, 20, 30, 60, 120, and 240 min post-infusion to determine the pharmacokineticpharmacodynamic profile of scopolamine in depressed participants.
Discussion: This trial contributes to the literature surrounding the efficacy of scopolamine as an antidepressant.
Determining the dose–response profile and washout period of scopolamine’s antidepressant effect will also provide
important information for designing and conducting crossover trials. The use of an active placebo is important to
reduce potentially confounding expectancy effects.
Trial registration: The trial was registered in the Australian New Zealand Clinical Trials Registry (registration
number ACTRN12619000569101). Registered on 11 April 2019.
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Background
Depression is the leading cause of disability globally
with over 300 million individuals affected worldwide
[1]. Defined in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-V) as depressed mood and/or
loss of interest or pleasure, depression has diverse and
debilitating effects on daily functioning [2]. In severe
cases, depression can be life-threatening and death due
to suicide can occur, with approximately 800,000
suicide-deaths recorded each year [1]. Despite the large
range of available behavioural and pharmacological
therapies, approximately one-third of patients do not
achieve remission even after trying four or more antidepressant medications [3]. Furthermore, present firstline pharmacotherapies have a slow onset of response
(typically 4–6 weeks) and may have undesirable side
effects (such as increasing suicidality in paediatric populations) [4]—both of which are particularly problematic with depressed patients experiencing suicidal
ideation. A clear need therefore exists for the development of novel and rapid acting therapies.
An initial study established the antidepressant properties of intravenously delivered scopolamine at doses
of 2–4 μg/kg in volunteers with major depressive
disorder (MDD) and bipolar depression [5]. The same
research group replicated the findings in an independent patient sample consisting only of unipolar depressed patients [6]. By pooling data from the previous
two studies and recruiting additional participants, the
authors found slightly larger antidepressant effects in
women [7] along with antidepressant effects in both
treatment-naïve and treatment-resistant depressed
patients [8]. However, a recent study utilising an
independent participant sample found no significant
antidepressant effect compared to placebo—though the
authors noted that their population was more severely
depressed and treatment-resistant than previous studies
[9]. To determine scopolamine’s antidepressant efficacy,
these prior studies all utilised the same experimental
design: a double-blind, saline placebo-controlled, crossover clinical trial with a single-blind lead-in session.
The infusion regimen dosed participants in two blocks
of either triplicate infusions of 4 μg/kg scopolamine
hydrobromide or triplicate infusions of saline placebo
with each infusion being temporally separated by 3–4
days. Participants were clinically assessed via the Montgomery–Åsberg Depression Rating Scale (MADRS) on
each infusion day along with a follow-up session 3–4
days after the last infusion day.
However, there remain questions regarding scopolamine’s antidepressant efficacy, the optimal scopolamine
dose, and the duration of scopolamine’s antidepressant
effect. A particular need exists for replication and evaluation of scopolamine’s efficacy by an independent
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research group, especially given the recent failure to replicate the antidepressant response in an independent patient sample [9]. Furthermore, the earliest paper utilised
intravenous scopolamine doses ranging from 2 to 4 μg/
kg where the 4 μg/kg dose was deemed most efficacious
in eliciting an antidepressant response [5]. Subsequent
studies continued to use the 4 μg/kg dosing regimen
and, as such, it is currently unknown whether higher
doses may be more efficacious.
To date, a crossover design has been used which
was too short (3–4 days) to adequately account for
carryover effects [5–9]. The antidepressant effects of
scopolamine from the first block of triplicate infusions are clearly evident in the psychiatric measures
of antidepressant response leading into the second
block of triplicate saline placebo infusions [5–9]. Not
only does this introduce an unwanted carryover effect
in the placebo data, but it also does not characterise
the expected antidepressant duration of scopolamine,
a parameter established in other rapid acting antidepressants such as ketamine [10]. Determining the duration of scopolamine’s antidepressant response is
critical to designing future crossover trials. Further to
this, the use of a triplicate infusion protocol across
9–12 days has never been established as necessary. A
single infusion at 4 μg/kg or higher may be just as
effective. The requirement for triplicate infusions
places considerable demand on the participants in
clinical trials as well as future demand on clinicians
and patients should scopolamine become an approved
therapy. Should the present protocol be successful in
determining an antidepressant effect, there will be a
reduction in participant time commitments.
A further key consideration of future research into
scopolamine’s antidepressant efficacy is maintaining
blinding. Alongside measuring the antidepressant effects of scopolamine, other psychotropic, neurological,
and physiological effects have also been observed in
healthy controls. For example, significant changes to
feeling high, alertness, feelings of ‘internal perception’
and ‘external perception’ compared to placebo have
been found in healthy male individuals [11]. Given
the significant psychotropic effects characterised in
healthy individuals compared to saline placebo, there
may be concerns regarding unblinding effects in
participants. This is particularly important in an antidepressant trial where the present primary outcome is
a mood-related measure, as issues with substantial
placebo responses in antidepressant trials are well
documented [12].
Past studies have characterised pharmacokinetic and
pharmacodynamic properties of intravenous, intramuscular, and subcutaneous scopolamine, demonstrating
that electroencephalography (EEG) alpha power
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significantly decreases acutely after administration compared to saline placebo [13, 14]. EEG measures may provide insight into the antidepressant mechanisms of
scopolamine, as resting-state spectral features particularly in the alpha band (8–12 Hz) have been related to
the antidepressant properties of other antidepressants
such as selective serotonin reuptake inhibitors (SSRIs)
[15, 16]. A number of studies have shown that ketamine
[17–20] and scopolamine [13] both cause rapid decreases in the power of the EEG alpha rhythm, which
may potentially relate to both resting-state network connectivity decreases and also the antidepressant response
to these drugs.
The current study aims to extend the existing literature as the first independent replication of scopolamine hydrobromide as an antidepressant following
several foundational studies [5–9]. Furthermore, this
study will investigate whether doses above 4 μg/kg are
more effective, and whether single doses are sufficient
to elicit an antidepressant response. As a further aim,
the duration of antidepressant response to scopolamine will be determined in order to inform the design of
future crossover trials that better control for carryover
effects. Blinding in randomised controlled trials of
antidepressant therapies is of critical importance for
overcoming the well-known issue of substantial placebo response in research into antidepressant efficacy.
As such, the present study will use glycopyrrolate as
the active placebo as it is a muscarinic antagonist that
does not cross the blood–brain barrier and should
consequently mimic the peripheral muscarinic effects
of scopolamine leading to superior blinding to saline
(as previously used) [5–9].

Methods/Design
Participants

Volunteers will be adults diagnosed with major depressive disorder, in otherwise good health, and not on antidepressants. The full inclusion and exclusion criteria are
outlined in Tables 1 and 2.
Study design

This is a randomised, double-blinded, active placebocontrolled parallel groups trial primarily occurring at
the Clinical Research Centre of the Faculty of Medical
and Health Sciences, University of Auckland. At an initial screening visit, patients with MDD will give informed consent and be checked for physical and
psychiatric eligibility. Participants will be randomly allocated to one of four groups (4 μg/kg glycopyrronium
bromide or 4 μg/kg or 5 μg/kg or 6 μg/kg scopolamine
hydrobromide) in a 2:1:1:1 allocation ratio with a total
desired sample size of 40 (see “Statistical analyses and
power calculations” section below). The drug will be
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Table 1 Full inclusion criteria
Inclusion criteria
Consent

Willing and able to give informed
consent for participation in the trial

Demographics
Age

18–60 years

Sex

Male or female

Mental health
Diagnosis

Major depressive disorder according
to DSM-V criteria

Duration

Greater than 2 weeks

MADRS

≥ 20 (i.e., moderate to severe depression)

Treatment status

Antidepressant medication free for
at least 2 weeks (or 4 weeks if previously
on fluoxetine)

administered by an intravenous line controlled by an
infusion pump (Alaris PK, UK), programmed by a
supervising medical doctor over 15 min. The primary
psychiatric outcome will be measured by the clinicianadministered MADRS [22] at several time-points: preinfusion baseline, post-infusion 4 hours, 1 day, 3 days, 1
week, 2 weeks, 4 weeks, and 6 weeks. For time-points
from day 1 and onwards, the MADRS will be administered via telephone interview.
Secondary outcome measures will include the selfreport Quick Inventory of Depressive Symptomatology
(QIDS) [23], which will be co-administered at the same
time points of every MADRS. Further secondary physiological and psychotropic outcomes will be measured
through resting-state eyes-open EEG scans, 10 mL blood
samples, and the Bowdle visual acuity scales (VAS) [24]
administered pre-infusion and post-infusion at 5, 10, 15,
20, 30, 60, 120, and 240 min. Further resting-state EEG
scans will be performed at 75, 90, 105, 150, 180, and
205 min post-infusion. To monitor the drug’s adverse effect profile, the Generic Assessment of Side Effects
(GASE) questionnaire [25] will also be completed at 3 h
and 1 week post-infusion. The nine blood samples will
be acquired through a cannula in the antecubital fossa
into Vacutainer® tubes containing ethylenediaminetetraacetic acid (EDTA; (Benton Dickinson, New Jersey,
USA) and stored at 4 °C for 1–6 h. The blood samples
will then be centrifuged at 2000 g at 4 °C for 15 min and
plasma will be retrieved in 500 μL aliquots. The buffy
coat layer will be collected for DNA extraction in order
to analyse whether genes related to brain and liver function modify the response to applied interventions. The
pharmacokinetic scopolamine concentrations in plasma
will be determined using an assay based off a previously
validated protocol [26]. The pharmacodynamic EEG
scans and Bowdle VAS will be used to characterise the
acute effects of a scopolamine infusion.
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Table 2 Full exclusion criteria
Exclusion criteria
Consent/communication Inability to speak or read English
Mental health
Lifetime

History of psychotic disorder

Current

Any unstable medical or neurologic condition,
judged at the discretion of the clinician
Imminent risk of suicide as determined by
the MADRS/clinical interview
Substance abuse or dependence in previous
3 months
Stage 3 treatment-resistant depression or
higher as determined by Thase and Rush
Staging criteria [21]
Receiving neuromodulation treatment
Undergoing planned changes to psychotropic
medication

Drug contraindications

Significant renal or hepatic impairment
Cardiovascular conditions including abnormal
heart rate and blood pressure checked at
screening
Glaucoma

study day in order to track changes in sleep and
activity. This is due to prior investigations showing
changes to rapid eye movement sleep characteristics
such as onset time and latency along with modest
antidepressant effects via the profile of mood states
depression subscale [32]. Given scopolamine’s sedative
effects and the correlational effects between depressive mood and poor sleep [33], it is also possible that
scopolamine’s antidepressant effects are manifested
through improved or corrected sleep mechanisms. It
is therefore of interest to track participant sleep quality throughout the present trial. Changes in activity
(such as increased steps) will be used to corroborate
self-report of energy and lethargy in the QIDS and
MADRS.
All acquired outcome measures are summarised in the
Standard Protocol Items Recommendations for Interventional Trials (SPIRIT) figure (Fig. 1). The SPIRIT checklist is given in Additional file 1.
Participant recruitment

Contraindication to the use of scopolamine
or glycopyrrolate according to manufacturer
guidelines

Advertisements will be placed in local newspapers, noticeboards, and online social media outlets allowing participants to make initial contact directly with the research
team via email. Furthermore, primary healthcare providers
such as general practises in the greater Auckland region will
be approached to engage with participant recruitment.

Regular use of any medication deemed to
be contraindicated as judged by the
attending study physicians

Randomisation, blinding, and code-breaking

Female participants who are pregnant,
lactating, or planning pregnancy during
the course of the trial

Other safety criteria
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Inability to fast for 2 hours prior to each
administration of trial drug
Any other condition judged by the study
clinicians as likely to impact on the ability
of the participant to complete the trial
Are currently attending a New Zealand
specialist mental health or addiction service

For exploratory analyses, other questionnaires used
during the study day will include the Subjective High
Assessment Scale (SHAS) [27], Biphasic Alcohol Effect
Scale (BAES) [28], Clinician-Administered Dissociative
States Scale (CADSS) [29], and the 5-Dimensional
Altered State of Consciousness (5D-ASC) [30] to assess
potential sedative as well as psychoactive effects of scopolamine. To add to this, a semi-structured qualitative
interview will extensively characterise each individual
participant’s psychotropic response to scopolamine.
The Credibility Expectancy Questionnaire (CEQ) [31]
will be used to test treatment expectancy effects. Participants will also be given a “Charge 3” fitness tracker
(Fitbit, San Francisco, CA, USA) to wear for at least a
week prior to and until 6 weeks after the drug infusion

One member of our research team will perform
computer-generated randomisation on the study day.
Each patient’s weight will be obtained at the screening
session allowing measurement of doses by the clinical
team on each study day. Only the randomiser and medical doctor who delivers the intervention will know the
identity of the drug to be delivered. None of these study
team members will be involved in the psychiatric outcome assessments in order to maintain double-blind
conditions. Further, the clinical team who perform psychiatric assessments will not be present during the interventions to avoid de-blinding. During patient debriefing,
participants will be asked to identify which session they
thought was the placebo and then informed as to the
correct identification of sessions. However, in the event
of acute deterioration of health requiring emergency
hospital care (for example, in the case of severe anaphylaxis), the randomiser or medical doctor may provide unblinding information regarding the identity of the delivered intervention.
Alterations to allocated interventions

There will be no special criteria for discontinuing or
modifying allocated interventions.
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Fig. 1 Standard Protocol Items Recommendations for Interventional Trials (SPIRIT) figure

Strategies to improve adherence

The study staff communicate with participants after the
intervention day at 1 day, 3 days, 1 week, 2 weeks, 4
weeks, and 6 weeks. Study staff may use these telephone
calls to remind participants along with email, phone call,
or text to remind participants to adhere to study protocols (e.g., continue to wear Fitbits).
Relevant concomitant care and post-trial care

Whilst participants are enrolled in the present clinical trial, there will not be any alteration to the access to usual care pathways for both trial arms.
However, if a participant becomes ineligible for the
present trial whilst enrolled, the participant may be
discharged from the trial. Should a participant be
discharged due to medical or psychiatric issues, the
participant will be referred to relevant medical services. There is no anticipated harm for those who
participate in the present trial. All participants will
be reimbursed in supermarket vouchers for their time
in the trial.
Statistical analyses and power calculations

The principle methods of analysis for the present four parallel groups design will be one-way Analysis of Variance
(ANOVA) and independent sample t tests. To avoid making assumptions about the normal distribution of the
dependent variables, statistical resampling methods will be

used to generate the null response distribution. Both
intention to treat and per protocol analyses will be reported
as per Consolidated Standards of Reporting Trials (CONSORT) guidelines [34].
The following power calculations for determining the
antidepressant response of scopolamine were performed
in G*Power 3.1 [35] with α = 0.05, 1 − β = 0.8. In order
to establish clear a priori hypotheses around scopolamine’s antidepressant efficacy, an interim analysis will
be conducted at n = 40 to compare the placebo group
(n1 = 16) with all scopolamine groups (n2–4 = 24). This
provides a minimum detectable effect size of dinterim =
0.92 (two-tailed, α = 0.05, 1 − β = 0.8, n1 = 16, n2–4 = 24).
For an interim analysis where the conditional power is >
50%, the effect can be considered “promising” and sample size can be increased without biasing the final outcome analysis [36, 37]. At the interim analysis point
(n = 40), conditional power of 50% would be achieved at
d = 0.65, which would allow up to 80 participants to be
recruited in theory. In practise, recruiting up to n = 20
more participants is feasible. At n = 60, the minimum effect size detectable is dfinal = 0.75 (two-tailed, α = 0.05, 1
− β = 0.8, n1 = 24, n2–4 = 36). Hence, the stopping rule
thresholds for effect sizes at n = 40 are:
1. dinterim > 0.92. Significant p < 0.05. Conclude that
scopolamine hydrobromide has efficacious
antidepressant properties.

Chen et al. Trials

(2020) 21:157

2. dinterim < 0.75. Non-significant p value. Conclude
that scopolamine hydrobromide does not have efficacious antidepressant properties.
3. 0.75 < dinterim < 0.92. Promising. Increase sample
size by n = 20.
a. If dfinal > 0.75 at n = 60, significant p < 0.05.
Therefore, conclude that scopolamine
hydrobromide has efficacious antidepressant
properties.
b. If dfinal < 0.75 at n = 60, non-significant p value.
Therefore, conclude that scopolamine hydrobromide does not have efficacious antidepressant
properties.
Prior studies of standard antidepressants in MDD patients have shown antidepressant effect sizes ranging from
0.5 to 1.1 in moderately and severely depressed patients,
respectively [38]. Prior studies into scopolamine as an
antidepressant demonstrated effect sizes of d = 3.4, 2.2,
1.7, and 1.2 [5, 6] in patients with MDD whereas the most
recent study reporting no significant antidepressant effect
exhibited an effect size of d = 0.58 [39]. The present study
sample size (n = 60) is powered at d = 0.75 in order to detect ‘large’ effect size changes (defined as d > 0.8) [40].
These effect sizes represent depression rating scores which
are effect size standardised and are in the region of past
literature. The overall decision to recruit a maximum of
n = 60 was limited by funding and practical constraints.
Sub-group data analyses and handling missing data

Sub-group analyses, such as comparing the magnitude
of the antidepressant response between genders, may
be conducted depending on whether a significant antidepressant response is elicited. Depending on the
extent and nature of missing data from a single participant, data may be excluded from final analyses or included using data imputation. For example, should a
participant’s EEG data be unable to be collected after
being randomised into the trial, the nature of the data
makes it difficult to extrapolate; as such, the data from
this participant would be excluded. However, should a
participant miss the last MADRS structured interview
(of the eight interviews conducted throughout the
study), data imputation techniques such as last observation carried forward will be used.
Adverse event reporting

All adverse events occurring during the trial will be recorded on the CRF and the GASE questionnaire, whether
or not attributed to trial medication. All suspected unexpected serious adverse reactions and severe adverse events
will be reported to the New Zealand Medicines and Medical Devices Safety Authority ‘MedSafe’.
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Data and Safety Monitoring Committee

The Data and Safety Monitoring Committee for these
trials will comprise two independent medical practitioners with specialisations in anaesthesiology and
psychiatry as well as a biostatistician.
Dr. Gemma
Malpas
Consultant
Anaesthetist
Auckland
City Hospital

Dr Adib Essali
Consultant Psychiatrist
Counties Manukau
District Health Board

Dr Alana Cavadino
Biostatistician
Faculty of Medical and Health
Sciences, University of Auckland

In the unlikely event of a severe adverse event being
reported, the Data and Safety Monitoring Committee may
decide to suspend the trial or request suspension until the
research protocol is appropriately revised. From
commencement of the trial until its termination the Data
and Safety Monitoring Committee will be provided
recruitment, outcome, and adverse effect data on a 6monthly basis. Stopping decisions will be made in consultation with the Data and Safety Monitoring Committee.
Data management and record keeping

Separate paper-based case report files (CRFs) will be
kept for each participant and completed in a neat, clearly
legible manner. Demographics, medical history, height,
weight, and current medications will be entered directly
into the CRF. All electronic data will be stored on secure
University of Auckland servers which include password
protection, multi-site backups and tape archiving. An
original, unprocessed version of every data file will be
kept on the servers such that these files may only be
modified by a University of Auckland Information Technologies systems administrator, thus ensuring the fidelity
and audit capability of all electronic data. Scanned versions of all paper-based CRFs and source data formats
will be made and held on the servers in password protected files to ensure fidelity of these data and allowing
future audit of extracted data.
Participants will be identified by a unique trial-specific
number and/or code in any electronic database. The
name and any other identifying detail will not be included in any trial data electronic file. On all trialspecific documents, other than the signed consent and
page one of the CRF (separately filed), the participant
will be referred to by the trial participant code, not by
name. Paper-based data will be held for a period of 10
years from the completion of the trial.
Dissemination policy

The results from the present trial will be published in
specialised academic journals. Furthermore, results in an
easy to read format may be distributed through news
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media or social media outlets. Participants are able to
request a summary of their personal results.

Discussion
The present study will characterise the antidepressant and
physiological effects of a single intravenous dose infusion
of scopolamine hydrobromide. The study aims to evaluate
the antidepressant efficacy of scopolamine, the optimal
scopolamine dose, and the duration of scopolamine’s
antidepressant effect and to test the efficacy of
glycopyrrolate in maintaining superior blinding to saline.
The overall purpose is to determine the parameters for
designing future crossover trials to better understand the
underlying antidepressant mechanisms of scopolamine.
Determining the washout period of the antidepressant
effects of scopolamine can be used to inform ideal
temporal spacing of administered active and placebo drugs
for crossover studies along with potentially informing
clinical best practice for future repeat administrations to
sustain the antidepressant response in the long term.
Additionally, the use of an active placebo is an important
experimental consideration to reduce unblinding effects,
thereby allowing for a statistically cleaner determination of
antidepressant effect size.
By collecting EEG in the acute phases of scopolamine
administration, the alpha modulating effects of scopolamine
can be measured. Given that alpha power has been shown
to be elevated in MDD patients [41–43] and that excess
alpha power is associated with a favourable response to
antidepressant therapies [44], it is particularly interesting to
see whether alpha modulating effects of scopolamine may
facilitate the antidepressant response.
One of the major issues we anticipate in the design of
this trial is failure to replicate the antidepressant properties
of scopolamine. In order to properly establish this, we have
designed clear stopping rules. We do not anticipate other
practical or operational issues in conducting this study.
Trial status

The study started advertising for enrolment on 24 July
2019. The first participant was enrolled on 12 August
2019. Enrolment is expected to be completed in August
2020. The protocol version is 1.5, August 2019.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-020-4089-6.
Additional file 1. SPIRIT 2013 checklist: Recommended items to address
in a clinical trial protocol and related documents.
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