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Abstract
Rationale Lithium is an effective prophylactic and anti-manic treatment in bipolar disorder; however, its use is declining through
perceived poor tolerance and toxicity. Lithium inhibits inositol monophosphatase (IMPase), a probable key therapeutic mech-
anism. The anti-inflammatory drug, ebselen, also inhibits IMPase and appears well-tolerated and safe.
Objectives To assess the efficacy of adjunctive ebselen in mania using the Young Mania Rating Scale (YMRS) (primary
outcome) and the Altman Self-Rating Mania (ASRM) Scale and Clinical Global Impression-Severity Scale (CGI-S) among
the secondary outcomes.
Methods Randomised, double-blind, placebo-controlled, parallel-group trial conducted between October 2017 and June 2019, at
Oxford Health NHS Foundation Trust. Pharmacy-controlled randomisation was computer-generated, with full allocation con-
cealment. In/outpatients (n = 68) aged 18–70, experiencing mania or hypomania, were assigned to 3 weeks ebselen (600 mg bd)
(n = 33) or placebo (n = 35). Participants received usual clinical care and psychotropic medication.
Results Ebselen was numerically, but not statistically, superior to placebo in lowering scores on the YMRS (adjusted mean
difference and 95% confidence interval, − 1.71 (− 5.34 to 1.91), p = 0.35) and ASRM (− 1.36 (− 3.75 to 1.17), p = 0.29).
However, scores on the CGI-S were significantly lower at week 3 in ebselen-treated participants (adjusted mean difference, −
0.58 (− 1.14 to − 0.03), p = 0.04). A post hoc analysis excluding patients taking concomitant valproate treatment magnified the
difference between ebselen and placebo on the YMRS. Adverse events were comparable between groups, and mild.
Conclusions Ebselen merits further investigation where concomitant psychotropic medication is better controlled and partici-
pants taking valproate are excluded. If effective, ebselen’s superior tolerance and safety could make it a useful alternative to
lithium.
Trial registration Trial Registry: www.clinicaltrials.gov, Identifier: NCT03013400.
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Introduction

Lithium is the most effective and widely recommended pro-
phylactic drug treatment for patients with bipolar disorder
(Cousins et al. 2020). Lithium is also effective in the treatment
of acute mania both as a monotherapy and as adjunctive treat-
ment (Geddes and Miklowitz 2013). However, lithium is not
well tolerated, requires regular medical monitoring including
blood tests and has a narrow therapeutic index. Furthermore,
long-term lithium treatment is associated with renal impair-
ment in a significant minority of patients (Harrison et al.
2018). Not surprisingly, many patients are reluctant to take
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lithium despite its benefits. For all these reasons, the use of
lithium is in decline (Zivanovic 2017).

There would therefore be great advantages in identifying a
drug that had the same action and clinical benefit as lithium
but was better tolerated and safer. Lithium has several putative
pharmacological targets, but in vitro and animal experimental
studies converge to suggest that inhibition of inositol
monophosphatase (IMPase) may be critical to its therapeutic
action. By inhibiting this enzyme, lithium decreases inositol
recycling, thereby diminishing secondmessenger signalling at
overactive synapses (Berridge et al. 1989; Atack 1996; Agam
et al. 2009). Nevertheless, it is important to note that other
molecular targets have been convincingly implicated in lith-
ium’s mode of action, for example, inhibition of glycogen
synthase kinase-3 (GSK3) (for a recent review, see Haggarty
et al. 2020).

Singh et al. (2013) probed the National Institutes of Health
Clinical Collection, a library of bioavailable drugs considered
clinically safe, and identified ebselen, as a potent IMPase
inhibitor. Singh et al. (2013) showed that ebselen decreased
inositol recycling in mice and reproduced several effects of
lithium in animal models, for example, diminishing the func-
tional sensitivity of 5-HT2A receptors and inhibiting the hy-
peractivity that follows amphetamine administration—a puta-
tive model of mania. These effects of ebselen were reversed
by cerebral inositol administration indicating mediation by
disruption of inositol recycling in the brain. Ebselen is a
selenium-containing small molecule, with broad anti-
inflammatory activity. Ebselen has potent glutathione peroxi-
dase (GPx) like activity and was shown to induce GPx1 in the
inner ear under redox stress (Kil et al. 2007). Ebselen has been
studied in several phase 3 trials in Japan as a neuroprotective
treatment to limit the neurological deficits produced by acute
stroke and in several phase 2 trials in the USA as a treatment
for hearing loss and tinnitus disorders (Kil et al. 2017).

Subsequently our group found in two placebo-controlled
studies involving a total of 60 healthy participants that ebselen
(600 mg twice daily for 2 days and 1200 mg twice daily for
2 days) lowered the concentration of inositol in anterior cin-
gulate cortex measured by magnetic resonance spectroscopy
(MRS) (Singh et al. 2016; Masaki et al. 2016a). This finding
indicates that a dose of ebselen of 1200 mg daily is sufficient
to interact with the proposed IMPase target in the human brain
and thereby decrease the availability of inositol. In these stud-
ies, ebselen produced other central effects relevant to mood
disorder, for example, increasing learning in a reward/
punishment task and modifying the recognition of emotional
facial expressions (Singh et al. 2016; Masaki et al. 2016b).

Developing a mood stabiliser for bipolar disorder is chal-
lenging and the pharmaceutical industry has largely with-
drawn from this field. Because of the need for sustained fol-
low-up, long-term studies of a potential prophylactic agent are
unlikely to be conducted without initial evidence of potential

therapeutic efficacy. Lithium is an effective acute anti-manic
agent, but placebo-controlled trials of mania are difficult to
carry out in standard clinical settings. Therefore, we conduct-
ed a short-term, placebo-controlled, ‘add-on’ study of ebselen
in patients with hypomania/mania receiving standard drug
treatment for a manic episode. This approach has been used
successfully to detect the anti-manic effect of mood stabiliser
treatments including lithium (Chou et al. 1999) and carbamaz-
epine (Klein et al. 1984).

Methods

Trial design

This study was a phase 2a, single centre, 3-week, double-
blind, parallel-group, placebo-controlled, add-on randomised
clinical trial (RCT) testing ebselen or placebo. Participants
were recruited from October 2017 to June 2019 at Oxford
Health NHS Foundation Trust, UK. The trial was funded by
the Stanley Medical Research Institute (SMRI) (14T-005) and
supported by the National Institute of Health Research
(NIHR) Oxford Health Biomedical Research Centre
(OHBRC). Our collaborators, Sound Pharmaceuticals Inc.
(SPI), Seattle, USA, supplied ebselen (SPI-1005) and
matching placebo and cross referenced four active indications
(INDs) in the USA where SPI-1005 had been tested for 3–
4 weeks in several hearing loss and tinnitus indications. The
trial had ethics approval (National Research Ethics Service
Committee South Central – Oxford C: 16/SC/0553) and is
registered with the US National Institutes of Health (NIH)
(www.clinicaltrials.gov Identifier: NCT03013400). Ebselen
or placebo was added to any ongoing pharmacological
treatment that patients were receiving from their clinical
team. The protocol and statistical analysis plan (SAP) are
available in the Supplementary Material online.

Inclusion/exclusion criteria

Participants with bipolar disorder, who were currently
experiencing mania/hypomania, were included. Specifically,
eligible participants were aged between 18 and 70 years old;
fulfilled The Diagnostic and Statistical Manual of Mental
Disorders (5th ed.; DSM-5; American Psychiatric
Association 2013) criteria for a Manic or Hypomanic
Episode; used effective contraception; allowed contact with
the clinical care team to ensure that they were in agreement
for the participant to be included in the trial; and had capacity
to provide written informed consent and to follow trial
procedures.

Participants were excluded if they were taking lithium; fe-
male and were pregnant, lactating or planning pregnancy; had
known significant renal or hepatic impairment; had scheduled
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elective surgery or procedures requiring general anaesthesia;
had any other significant disease or disorder; had participated
in another trial involving an investigational product in the
previous 12 weeks; had clinically significant illicit substance
or alcohol misuse; and had previously been randomised to this
trial.

Outcome measures

At screening, participants fulfilled DSM-5 criteria for a Manic
or Hypomanic Episode. The primary outcome was change in
the clinician-rated YoungMania Rating Scale (YMRS) (range
0 to 60) from baseline to follow-up. Higher scores indicate
more severe symptoms of mania (Young et al. 1978). The
secondary outcome measures were as follows: questionnaires:
Altman Self-Rating Mania (ASRM) (Altman et al. 1997);
Clinical Global Impression (CGI) - Severity (CGI-S) and
Improvement (CGI-I) (Guy 1976); Hamilton Depression
Rating Scale (HDRS 17) (Hamilton 1960); Quick Inventory
of Depressive Symptomology-Self-Report (QIDS-SR-16)
(Rush et a l . 2003) and Leeds Sleep Evaluat ion
Questionnaire (LSEQ) (Parrott and Hindmarsh 1980).
Allocation concealment was assessed at study endpoint asking
participant, researcher and, if appropriate, relative/key carer to
guess whether they had been assigned ‘active’ or ‘placebo’
and the certainty of this allocation. Concomitant medication
and adverse events (AEs) were noted throughout the trial.
Compliance was measured by capsule count. An actigraph
monitor (Motion Watch 8; CamNtech Ltd. Cambridgeshire,
UK) worn continuously allowed changes in activity to be
monitored. An optional blood sample was collected to assess
ebselen levels in plasma to confirm exposure. The results of
these assays are currently not available due to analysis issues
and will be reported elsewhere.

Randomisation, allocation concealment and study
interventions

The pharmacy-controlled computer-generated randomisation
algorithm minimised separately on two variables, gender and
YMRS score (≥ 20 and < 20). Eligible participants were
randomised in a 1:1 allocation with subject numbers assigned
sequentially as each participant entered the trial. There was no
run-in period. No code break occurred during this trial.
Quadruple masking took place with participants, research
team, clinical team and analysis all blind to treatment alloca-
tion. Participants were required to take three capsules twice
per day (morning and evening) with a daily dose of 1200 mg/
day of ebselen (SPI-1005). Placebos containing the same three
excipients in the active capsules were matched in colour, size
and shape.

Procedure

Participants were identified from the clinical caseloads of the
general adult and old age psychiatric teams by NHS research
facilitators embedded within the clinical teams, as well as
clinicians and care co-ordinators. Potential participants were
given a participant information sheet (PIS) and, with their
permission, the research team were notified. Interested indi-
viduals were also able to contact a member of the research
team directly from posters placed in clinical settings, online
clinical trial registration or recruitment websites (for example,
University Department of Psychiatry and NHS research
websites) or through patient and public involvement events
(PPI). Once contacted, a research team member liaised direct-
ly with the participant to discuss the study and, if they fulfilled
general criteria for inclusion, and continued to express an in-
terest, the researcher arranged a screening visit. Visits took
place at inpatient or outpatient facilities, at the research team
base or in an individuals’ home. Potential participants were
given adequate time to reflect on the information, had any
questions answered and had capacity to give written informed
consent. In addition to the screening questionnaires, other
health domain data collected included demographic data and
general health and medication history.

If eligible, participants were randomly allocated to a treat-
ment group and commenced treatment that day or the follow-
ing morning. Following the screening visit (visit 1), there were
a total of four further visits, at weekly intervals, where the
same clinician- and self-rated questionnaires were repeated.
The final ratings were taken at week 4 (visit 5), 1 week after
cessation of ebselen/placebo treatment. Data collected were
entered in paper case record forms (CRFs) with questionnaires
completed on iPads using Qualtrics (a subscription software
platform) or on paper depending on the participants’ choice.

Compliance, changes in concomitant medication and ad-
verse events were elicited at each visit. At follow-up (visit 5),
participants were, in addition, asked to complete an allocation
guess questionnaire and provide study feedback. Participants
received £20 per visit in addition to travel expenses.

Statistical analysis

Analysis was conducted blinded to treatment allocation fol-
lowing the analysis pre-specified in the statistical analysis plan
(Supplementary Material online) using STATA version 16.0.
Research team members uploaded data, reconciled data
queries and conducted quality assurance checks on the data-
base. All data cleaning checks were performed before the final
data lock.

Analysis of the primary outcome (YMRS) was undertaken
using a mixed effects linear model fitted to the data. This
model utilised all data collected at all time points following
randomisation. Fixed effects included randomised group,
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severity of manic symptoms on YMRS at baseline, psychosis,
gender, time and time by randomised group interaction. This
allowed assessment of treatment effect at each time point. An
unstructured variance covariance matrix was specified be-
tween repeated measures on the same individual. A random
effect accounted for repeated measures from the same partic-
ipant. The adjusted mean difference in YMRS scores between
randomised groups was reported for each time point alongside
a 95% confidence interval and p value. Secondary outcomes
of mood questionnaires were analysed in the same way. The
primary outcome analysis was repeated in a post-unblinding
secondary analysis to determine whether YMRS improve-
ments between groups were altered if participants receiving
concomitant treatment with the mood stabiliser and anti-
manic agent valproate were excluded. Like lithium, the thera-
peutic mechanism of valproate may involve changes in inosi-
tol cycling (Rosenberg 2007).

An a priori power calculation was undertaken. The YMRS
is frequently used as an endpoint in studies of pharmacologic
treatments of mania and a difference of six points on the
YMRS at endpoint indicates a clinically significant effect of
an active treatment (Lukasiewicz et al. 2013). A power of
0.8 at a p < 0.05 level of significance is achieved with 25
participants per group. A sample size of 60 allowed for a
15% dropout rate, which is reasonable for a 3-week period
of study treatment.

Results

Participant characteristics

After screening visit exclusions, 68 participants were
randomised to either ebselen (n = 33) or placebo (n = 35)
(see CONSORT; Fig. 1). All analyses are based on the 60
participants (ebselen n = 27 or placebo n = 33) who were
randomised and started treatment (intent-to treat). Fifty partic-
ipants were included in the end of treatment week 3 YMRS
analysis (ebselen n = 22; placebo n = 28) and overall, 82% of
randomised participants completed the study (ebselen n = 21,
n = 28 placebo).

Demographic and clinical characteristics of each group are
shown in Table 1. The majority were inpatients, probably
accounting for the relatively high frequency of psychotic
symptoms (around 40%). It was often only possible to ap-
proach inpatients after they had started to improve clinically,
so participation in the trial occurred against a background of
developing symptom resolution. The majority in both treat-
ment groups were female patients, who when approached,
tended to be willing to consider participation, while the male
patients had higher levels of irritability and were less inclined
to engage. Most participants (91% placebo, 89% ebselen)
were already receiving treatment with antipsychotic drugs,

with a smaller proportion taking mood stabilisers, either
lamotrigine or valproate (24% placebo, 41% ebselen)
(Table 1). Overall, mean compliance (judged by capsule
count) was 80% in the placebo group and 71% in the ebselen
group.

Primary outcome

Both treatment groups improved symptomatically during the
study. Those taking ebselen had lower YMRS scores after
3 weeks of treatment, although this was not statistically sig-
nificant when compared with placebo. The adjusted mean
difference and 95% confidence interval (CI) (change from
baseline) in YMRS score between the two groups at 3 weeks
was − 1.71 (− 5.34 to 1.91), p = 0.35 (Fig. 2). Eleven of the
participants (n = 6 placebo, n = 5 ebselen) were taking
valproate. Since the latter drug, like lithium, is considered a
mood stabiliser and anti-manic agent, and may act to inhibit
inositol metabolism (Rosenberg 2007), a post hoc unblinded
analysis was conducted where the primary analysis was re-
peated with the valproate-treated participants excluded. An
improvement in YMRS scores in the ebselen group, of bor-
derline significance, was seen at 3 weeks (adjusted means and
95% CI, − 3.67 (− 7.39 to 0.06), p = 0.054) (Fig. 3).
Interestingly at week 4, after 1 week of withdrawal of adjunc-
tive treatment, numerically, the placebo group continued to
improve on the YMRS while the ebselen group did not
(Figs. 2 and 3), and showed some loss of clinical benefit at
week 4.

Secondary outcomes

A similar pattern of response to that on the YMRS was
seen on the self-rated ASRM (Fig. 4). At 3 weeks,
ebselen-treated participants showed a numerically greater
fall in score on the ASRM but this was not statistically
significant (adjusted means and 95% CI, − 1.36 (− 3.75 to
1.17), p = 0.29). However, on the CGI-S, the reduction in
score of the ebselen group at week 3 was significantly
greater than the placebo group (adjusted mean difference,
− 0.58 (− 1.14 to − 0.03), p = 0.04) (Fig. 5). In both these
measures, the same pattern of change was seen at week 4,
with the placebo group continuing to improve numerically
while those taking ebselen showed some lessening of clin-
ical response. Other secondary outcomes are shown in the
Supplementary Material online and actigraphy data will be
published elsewhere. However, we found no significant
difference between ebselen and placebo-treated partici-
p a n t s o n t h e HDRS - 1 7 o r t h e Q IDS - SR - 1 6
(Supplementary Figures 1 and 2). There were also few
significant differences on the LSEQ with the quality of
sleep (QOS) measure being significantly worse in
ebselen-treated participants relative to placebo during the
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first week of treatment but significantly better during week
3 (Supplementary Table 2).

There was one serious adverse event (SAE) in the placebo
group where a participant required hospitalisation. There was
no statistically significant difference between the groups in
terms of participants who reported AEs (Chi square test; p =
0.489) (Table 2). Table 3 shows commonAEs, by randomised
group, with headache reported as the most common AE in
approximately 30% of participants. There were no significant
differences between ebselen and placebo, and no particular
profile of AEs associated with ebselen.

Discussion

The main finding in this phase 2a trial was that in a group
of manic and hypomanic patients, the addition of ebselen
to ongoing anti-manic pharmacotherapy lowered scores on
mania rating scales numerically more than the addition of
placebo. In the case of the clinician-rated CGI-S scale, the
difference favouring ebselen at the end of the final week of
treatment was statistically significant. The same trend was
apparent on the clinician-rated YMRS and the self-rated
ASRM scales, although the decrease in symptomatic rating

Fig. 1 Consort flow diagram:
study sample and patient
throughput. 1In four participants,
medication was ordered due to
distance. However, during
screening visit, n = 2, found to be
ineligible; n = 1, unable to give
informed consent and would not
comply with trial procedures and
n = 1 decided to not participate in
the trial. 2As per definition of
inclusion in analysis, 4 people did
not start taking their medication
(n = 3 withdrew consent before
they started and n = 1, care team
was not in agreement with patient
participating in the trial)
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associated with ebselen addition was not statistically sig-
nificantly different from placebo.

The mania rating scales also showed a pattern in which the
placebo-treated participants demonstrated a steady improve-
ment over the 3-week treatment period, which continued into
follow-up at week 4. In contrast, the ebselen-treated partici-
pants showed higher scores in week 4 than in week 3. The
latter finding is of interest because it suggests that withdrawal
of ebselen in week 3 may have caused some loss of therapeu-
tic benefit, supporting the conclusion that ebselen was active
in the treatment of mania. The treatment of mania can some-
times result in increased depressive symptomatology. It is
therefore worth noting that ebselen did not increase scores
on the HDRS or the QIDS-SR.

The majority of the patients were taking antipsychotic drug
treatment , which is the mainstay of the current

Table 1 Demographic and clinical features of study participants

Placebo (n = 33) Ebselen (n = 27)

Age in years

Mean (SD) 41.2 (14.4) 43.7 (14.2)

Range [20 to 68] [20 to 69]

Gender, n (%)

Female 23 (70) 21 (85)

Male 10 (30) 6 (15)

Baseline YMRS score

Mean (SD) 18 (5.9) 20 (6.1)

Range 9 to 29 8 to 29

BMI

Mean (SD) 27.3 (7.0) 27.2 (5.7)

Range 19.1 to 56.6 18.9 to 46.3

Smoker, n (%)

Yes 17 (52) 13 (48)

No 16 (48) 14 (52)

In/out patient status, n (%)

In 19 (58) 21 (78)

Out 14 (42) 6 (22)

Psychosis symptoms, n (%)

Yes 14 (42) 11 (41)

No 19 (58) 16 (59)

Concomitant medication n (%)

Antipsychotic1 30 (91) 24(89)

Mood stabiliser2 8 (24) 11(41)

Benzodiazepine 19 (58) 15 (56)

BMI body mass index; YMRS Young Mania Rating Scale
1 Placebo patients: olanzapine (12), aripiprazole (7), quetiapine (6), ris-
peridone (5), haloperidol (1), amisulpride (1), paliperidone (1),
zuclopenthixol (1). Ebselen patients: olanzapine (9), aripiprazole (10),
quetiapine (5), risperidone (3), paliperidone (3). Some patients were tak-
ing more than one antipsychotic drug
2 Placebo patients: valproate (6), lamotrigine (2). Ebselen patients:
valproate (5), lamotrigine (6)

Fig. 3 Non-adjusted mean (SEM) change from baseline scores on the
Young Mania Rating Scale (YMRS) following addition of ebselen
(600 mg bd) (n = 22) or placebo (n = 27) to the treatment of patients with
mania/hypomania, excluding patients taking valproate. “†” The adjusted
mean difference and 95% confidence interval (CI) (change from baseline)
in YMRS score between the two groups at 3 weeks was − 3.67 (− 7.39 to
0.06) (p = 0.054)

Fig. 4 Non-adjusted mean (SEM) change from baseline scores on the
Altman Self Rating Scale (ASRM) following the addition of ebselen
(600 mg bd) (n = 27) or placebo (n = 33) to the treatment of patients with
mania/hypomania. There were no statistically significant differences at
any time points

Fig. 2 Non-adjusted mean (SEM) change from baseline scores on the
Young Mania Rating Scale (YMRS) following addition of ebselen
(600 mg bd) (n = 27) or placebo (n = 33) to the treatment of patients with
mania/hypomania. There were no statistically significant differences at
any of the time points
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pharmacotherapy ofmania (Goodwin et al. 2016). However, it
was not possible to control for dosing and changes in antipsy-
chotic medication during the study which is an important lim-
itation. Several participants were also taking anticonvulsant
mood stabilisers, notably lamotrigine and valproate. While
lamotrigine is not thought to be useful in the treatment of acute
mania (being used principally to treat and prevent bipolar
depression), valproate has been shown to be therapeutically
effective for this indication (Cipriani et al. 2011; Goodwin
et al. 2016). In addition, among its various pharmacological
properties, valproate possesses the ability to inhibit inositol
metabolism (see Rosenberg 2007); this mechanism of action
could theoretically overlap with the lithium-like effects of
ebselen. We therefore thought it of interest to exclude
valproate-treated participants in a post hoc analysis. This

revealed a somewhat stronger anti-manic treatment effect of
ebselen, which was now of borderline statistical significance
(p = 0.054), to lower symptom scores at 3 weeks on the
YMRS, the primary outcome measure of the trial.

In addition, it is possible that the anti-manic effect of
ebselen is not apparent when patients are taking another
anti-manic mood stabiliser. However, this was a post hoc
finding which needs prospective replication. With this caveat,
our data suggest that while ebselen may potentiate the anti-
manic effects of antipsychotic drugs, it may not produce ad-
ditional therapeutic benefit when combined with valproate in
this patient population.

Our study was double-blind, and placebo-controlled but
otherwise pragmatic. The findings therefore need to be
assessed within the important limitations of this kind of
investigation. In particular, the great majority of patients
were receiving concomitant pharmacological treatment for
their current manic episode, which accounts for the reason-
able therapeutic response seen overall. Connected to this, it
was often not possible to enrol the more severely ill patients
until they had started to show clinical improvement, due to the
capacity needed to give full informed consent. Results of
guesses by both researchers and participants of treatment allo-
cation showed that the blinding of the study was well main-
tained (Supplementary Material, Table 3).

Our protocol called for an optional blood sample during the
secondweek of ebselen treatment to determine ebselen plasma
levels but in fact a significant number of participants declined
this intervention; assays on the available samples have not
currently been completed because of the impact of the
COVID pandemic. However, it will be important in future
studies to correlate ebselen blood levels with clinical response.
Also testing for blood levels of concomitantly administered
drugs will be necessary to exclude the possibility that ebselen,
for example, might increase plasma levels of antipsychotic
drugs.

The presence of active pharmacological treatment in
addition to ebselen and placebo is likely to have made
our proposed six-point difference on the YMRS unrealis-
tic. In the subgroup of participants not receiving
valproate, ebselen treatment produced an adjusted mean
benefit over placebo of around three and a half points on
the YMRS at week 3, so future trials might be powered to
detect a difference of this order. Further studies to estab-
lish the potential benefits of ebselen in mania will also
need to control auxiliary pharmacological treatments more
tightly. However, our pragmatic design did make it feasi-
ble to recruit the 60 participants from routine NHS prac-
tice within a reasonable time frame. Moreover, participant
feedback showed that the trial was well received and en-
joyable with nearly all participants requesting a final re-
port, allocation unblinding and the willingness to be
contacted about future research.

Fig. 5 Non-adjusted mean (SEM) change from baseline scores on the
Clinical Global Impression Severity (CGI-S) scale following the addition
of ebselen (600 mg bd) (n = 27) or placebo (n = 33) to the treatment of
patients with mania/hypomania. “*” The adjusted mean difference and
95% confidence interval (CI) (change from baseline) in CGI-S score
between the two groups at 3 weeks was − 0.58 (− 1.14 to − 0.03); p =
0.040

Table 2 Adverse events (AEs) reported by participants

Placebo n = 33 (%) Ebselen n = 27 (%)

Randomised participants with

At least one AE 29 (87.9) 22 (81.5)

No AEs 4 (12.1) 5 (18.5)

Chi square test 0.489

Number of AEs per participant

0 4 (12.1) 5 (18.5)

1 6 (18.2) 4 (14.8)

2 5 (15.2) 3 (11.1)

3 4 (12.1) 4 (14.8)

> 3 14 (42.4) 11 (40.7)

Total number of AEs 124 94
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Our studies confirm findings from previous clinical trials of
ebselen both in healthy participants and in those with neurolog-
ical disease, which indicate that the drug has a good safety profile
with an incidence and severity of AEs very similar to placebo
(Yamaguchi et al. 1998; Lynch and Kil 2009; Kil et al. 2017).
This side effect profile clearly distinguishes ebselen from lithium
and, in conjunction with the present findings, is a compelling
reason for undertaking further trials with ebselen in patients with
mood disorders. An appropriate next step might be a placebo-
controlled trial of ebselen as a monotherapy in acutely manic
patients (for example, see Keck et al. 2003).
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Table 3 Summary of common
adverse events (AEs) by
randomised group

Common AEs n events Placebo n = 33 (%) n events Ebselen n = 27 (%)

Headache 16 12 (36) 11 8 (30)

Drowsiness 5 4 (12) 9 7 (26)

Dizziness 7 4 (12) 4 3 (11)

Anorexia 5 5 (15) 4 3 (11)

Nausea 6 5 (15) 3 3 (11)

Pruritus 4 3 (9) 4 4 (15)

URTI 2 2 (6) 6 5 (19)

Abdominal pain 4 3 (9) 3 3 (11)

Vomiting 4 3 (9) 2 2 (7)

Back pain 3 3 (9) 2 2 (7)

Diarrhoea 5 4 (12) 0 0 (0)

Insomnia 1 1 (3) 4 3 (11)

Lethargy 3 3 (9) 2 2 (7)

Rash 2 2 (6) 3 3 (11)

Acid reflux 4 4 (12) 0 0 (0)

Depressed mood 3 3 (9) 1 1 (4)

Anxiety 3 2 (6) 0 0 (0)

Bleeding 2 2 (6) 1 1 (4)

Frequent urination 1 1 (3) 2 2 (7)

Increased appetite 3 3 (9) 0 0 (0)

Increased thirst 3 3 (9) 0 0 (0)

Limb pain 0 0 (0) 3 3 (11)

Restlessness 1 1 (3) 2 2 (7)

Tinnitus 1 1 (3) 2 1 (4)
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