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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• A novel and highly selective sigma-1

receptor antagonist (S1RA) provides a new
approach for pain management. S1RA has
shown activity in animal models of
neuropathic pain and potentiation of opioid
analgesia.

WHAT THIS STUDY ADDS
• Phase I studies of single and multiple oral

dose administration show that S1RA is safe
and well tolerated by healthy subjects. S1RA
is rapidly absorbed and its rate and extent
of exposure increases with dose.

• The safety, tolerability, pharmacokinetic and
pharmacodynamic profiles of S1RA support
its further phase II development in different
pain indications.

AIM
To assess the safety, tolerability, pharmacodynamics and pharmacokinetics
in healthy subjects of a novel, highly selective, sigma-1 receptor antagonist
(S1RA).

METHODS
Three randomized, double-blind, placebo-controlled trials evaluated single
oral doses (5–500 mg, study 101; 500–800 mg, study 106) and multiple
doses (50–400 mg once daily for 8 days, study 102) of S1RA. Safety and
tolerability were assessed by adverse event reporting, clinical laboratory,
physical examinations, vital signs and electrocardiography, including Holter
monitoring. Pharmacodynamic assessments included computerized
cognitive testing. Plasma samples were analyzed using validated
HPLC-MS/MS methods.

RESULTS
One hundred and seventy-five subjects were enrolled. Single and multiple
doses were safe and well tolerated, with no serious adverse events. The
most common side effects were headache and dizziness. The highest single
doses were associated with some mild to moderate transient CNS effects.
The maximum tolerated dose was not reached. There were no clinically
significant changes in the electrocardiogram (ECG), 24 h Holter monitoring,
or in vital signs and laboratory assessments. Subjective CNS
pharmacodynamics evaluations showed no relevant differences vs. placebo.
Cognitive testing showed no effects on visual memory, executive function,
attention or somnolence, while revealing some transient slowing of
response for simple reaction time and choice reaction time at 2 h following
the administration of higher doses. A fast absorption, rapid distribution and
slow elimination were observed (tmax 0.75–2.0 h, t1/2 compatible with once a
day administration) and steady-state was reached. No gender differences
were observed.

CONCLUSIONS
S1RA exhibited an acceptable safety, tolerability, pharmacodynamic and
pharmacokinetic profile in healthy subjects over the dose range studied.
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Introduction

The sigma-1 receptor (S1R) is a 223 amino acid protein
which shares no sequence homology with any known
mammalian proteins [1, 2].The S1R is specifically located at
the interface of the endoplasmic reticulum (ER) and the
mitochondrion where it regulates ER-mitochondrion sig-
nalling and ER-nucleus crosstalk, modulating the function
of a variety of ion channels and receptors [1–3]. As a
molecular chaperone, S1R and its ligands have no effect
upon ion channels and receptors under normal physiologi-
cal conditions, but in the presence of disease or dysfunc-
tion, the assistance of S1R chaperones may be demanded
by changes in the activity of specific ion channels and
receptors (and/or other cellular signalling mediators),
resulting in the potential for S1R-based pharmacotherapy
to become a beneficial and selective therapeutic interven-
tion [1].

The potential of S1R targeting in pain has been an area
of particular interest. S1Rs have been shown to modulate
opioid receptor-mediated antinociception [4–6], with their
actions being mainly supraspinal [7]. Most recently, a direct
physical and functional association of S1R with m-opioid
receptors has been reported [8]. Interestingly, S1R also
plays a role in nociception in the absence of opioids as
demonstrated using S1R knockout mice [9, 10] and in
pharmacological studies [11, 12] where attenuated pain
hypersensitivity was found in sensitizing conditions (i.e.
capsaicin sensitization and nerve injury).

A novel chemical entity, highly selective sigma-1 recep-
tor antagonist (S1RA), has been identified and found to
have high affinity for human sigma-1 receptors (Ki = 17 nM)
[13, 14]. S1RA or E-52862, which corresponds to 4-[2-
[[5-methyl-1-(2-naphthalenyl)-1H-pyrazol-3-yl]oxy]ethyl]
morpholine, is active by the oral route, crosses the blood–
brain barrier and binds to S1Rs in the brain [14]. S1RA
has been shown to inhibit dose-dependently formalin-
induced nociception, capsaicin-induced mechanical
hypersensitivity and nerve injury-induced mechanical and
thermal hypersensitivity in preclinical studies [14]. A sig-
nificant correlation between the extent of central nervous
system (CNS) S1R occupancy and the degree of anti-
nociceptive effect exerted by S1RA was found, with no
pharmacological tolerance to S1RA’s antiallodynic and
antihyperalgesic effects developed following repeated
administration to nerve-injured mice [14]. S1RA has also
been shown to enhance the analgesic effect of morphine,
while reducing its rewarding effect [15]. Also, no findings
that preclude further development of S1RA have been
found in safety pharmacology and toxicity studies (includ-
ing 13 week repeat dose toxicity studies in rats, dogs and
monkeys).

The purpose of this article is to present the results
of early investigations in healthy subjects on safety, toler-
ability, pharmacodynamics and pharmacokinetics of
S1RA.

Methods

Study design
Three phase I studies (Figure 1A–C) were conducted in
accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines: studies 101 and 102 were per-
formed at the Centre d’Investigació de Medicaments, Insti-
tut de Recerca de l’Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain and study 106 was carried out at Rich-
mond Pharmacology Ltd (RPL), Croydon University Hospi-
tal, London, UK. Study protocols and informed consent
forms were approved by independent ethics committees:
the Ethics Committee for Clinical Research of the Hospital
de la Santa Creu i Sant Pau for studies 101 and 102 (refer-
ence numbers 08/064 and 09/028, respectively) and the
Yorkshire Independent Research Ethics Committee for
study 106 (reference number 10/IEC07/9).All subjects gave
written informed consent prior to initial screening. The
studies were registered with EudraCT numbers: 2008-
000751-94 (study 101), 2009-009424-37 (study 102) and
2010-020343-13 (study 106).

All studies were single-centre, randomized, double-
blind and placebo-controlled. Study 101, the first-in-man
study, was a parallel, dose-escalation study with 11 con-
secutive cohorts of healthy subjects receiving single doses
of S1RA (5–500 mg) or placebo (Figure 1A).Dose escalation
was planned to stop if the minimum intolerated dose
(MID) was reached, in order to determine the maximum
tolerated dose (MTD). Study 102 was a parallel, multiple
dose-escalation study in which subsequent cohorts of
healthy subjects received oral doses of S1RA (50–400 mg)
or placebo daily for 8 days (Figure 1B). Study 106 was a
four-way crossover study of single doses of S1RA (500–
800 mg) or placebo in healthy subjects, with the multiple
crossover design allowing sequential dose escalation in
the same subjects (Figure 1C). No formal sample size cal-
culations were performed for these three phase I trials but
the number of subjects was considered to be adequate to
answer the respective study objectives, based on empirical
criteria.

Inclusion/exclusion criteria
All subjects studied were healthy adults more than
18 years old. Only male subjects up to 45 years were eli-
gible for study 101, while male and female subjects up to
45 years were eligible for study 102 and up to 35 years for
study 106.

Women taking part were of non-childbearing poten-
tial, or agreed to use medically acceptable methods of con-
traception. Subjects were required to have a body weight
within the normal range and not to have smoked for
�6 months before study (101, 102) or �3 months before
the study (106). Subjects participating in study 106 were
also required to be of Caucasian origin and to have a trip-
licate 12-lead ECG and a 24 h 5-lead Holter ECG without
clinically relevant abnormalities.
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Exclusion criteria included: abnormal ECG results,
including QTc interval >450 ms or ECG changes which
might interfere with the interpretation of QTc interval
changes, history of serious adverse reactions or hypersen-
sitivity to any drug, abnormal physical findings of clinical
significance, history of drug or alcohol abuse, clinically sig-
nificant abnormal laboratory values or existence of any
surgical or medical condition which might interfere with
the distribution, metabolism or excretion of S1RA. In addi-
tion, for study 106, subjects were excluded if they met any
of the following criteria: history of clinically significant
syncope, family history of sudden death, family history of
premature cardiovascular death, clinically significant
history or family history of congenital long QT syndrome or
a history of clinically significant arrhythmias or ischemic
heart disease.

Study drug administration
Each S1RA or placebo dose was administered orally in
fasting conditions. All study medication was supplied in

pre-packaged bottles labelled with individual subject
numbers to maintain blinding. In studies 101 and 102, all
study medications were presented as active pharmaceuti-
cal ingredient (API) in capsules, whereas in study 106 S1RA
was formulated as capsules containing immediate release
pellets. Bioequivalence of both formulations was demon-
strated in a previous study.Subject randomization was per-
formed using a computer-generated list, using either SPSS
(SPSS Inc. Chicago, IL) or SASTM (SAS Institute Inc., Cary, NC)
by an independent statistician.

In each of the 11 groups in study 101, six subjects were
randomized to receive active drug and two subjects to
receive placebo. Subjects were resident in the facility from
the afternoon of day -1 until 36 h after dosing.

In each of the five dose levels in study 102, eight sub-
jects were randomized to receive active drug and two sub-
jects to receive placebo. Subjects were resident in the
facility from the afternoon of day -1 until approximately
32 h after administration of the last dose of study medica-
tion (day 9).

One subject withdrawn on
Day 5 due to AE

(non-serious and not
related to study drug);
subject was replaced

One subject withdrawn
prior to dosing due to

alterations in basal
Holter monitoring;

subject was replaced

Dosing stopped on
Day 5 for all subjects due
to AE of palpitations and

AF in one subject

B Dose level 1
50 mg S1RA once daily,

Days 1-8
(8 active, 2 placebo)

Dose level 2
100 mg S1RA once daily,

Days 1-8
(8 active, 2 placebo)

Dose level 3
200 mg S1RA once daily,

Days 1-8
(8 active, 2 placebo)

Dose level 4
300 mg S1RA once daily,

Days 1-8
(8 active, 2 placebo)

Dose level 4, additional
300 mg S1RA once daily,

Days 1-8
(2 active, 1 placebo)

Dose level 5
400 mg S1RA once daily,

Days 1-8
(8 active, 2 placebo)

53 subjects
randomized

and 2 replacement
subjects

Dose level 1
Single dose 5 mg S1RA

(6 active, 2 placebo)

A

Dose level 2
Single dose 10 mg S1RA

(6 active, 2 placebo)

Dose level 3
Single dose 20 mg S1RA

(6 active, 2 placebo)

Dose level 4
Single dose 40 mg S1RA

(6 active, 2 placebo)

Dose level 5
Single dose 60 mg S1RA

(6 active, 2 placebo)

Dose level 6
Single dose 100 mg S1RA

(6 active, 2 placebo)

88 subjects
randomized

Dose level 7
Single dose 140 mg S1RA

(6 active, 2 placebo)

Dose level 8
Single dose 200 mg S1RA

(6 active, 2 placebo)

Dose level 9
Single dose 300 mg S1RA

(6 active, 2 placebo)

Dose level 10
Single dose 400 mg S1RA

(6 active, 2 placebo)

Dose level 11
Single dose 500 mg S1RA

(6 active, 2 placebo)

Figure 1
(A) Design and subject allocation scheme for study 101. (B) Design and subject allocation scheme for study 102. (C) Design and subject allocation scheme
for study 106
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In study 106, all subjects received a single dose of
placebo on day -1 of each period in order to establish a
single-blinded baseline for ECG recordings. On day 1 of
each period, subjects received a single dose study medica-
tion, either S1RA or placebo. Subjects were resident in the
facility from day -2 of period 1 until the morning of day 5
of period 4.

Safety and tolerability assessments and
analyses
In all studies, the following assessments of safety and tol-
erability were made: adverse events recording following
questioning and spontaneous reporting; physical exami-
nations, 12-lead ECG evaluations, vital signs measurements
in the sitting position (systolic and diastolic blood pres-
sure, heart and respiratory rate and axillary body tempera-
ture) and laboratory safety tests (haematology and blood
coagulation, biochemistry, urinalysis).

In study 102, participants at the 300 mg and 400 mg
dose levels underwent three channel continuous Holter
monitoring from 10 min pre dose on day 1 to 24 h post

administration of the last dose. In study 106, thorough
cardiac monitoring via telemetry, triplicate 12-lead ECGs
and 24 h Holter ECG was performed during each treatment
period from 1 h pre dose on day -1 and day 1 until 24 h
post dose. In addition, blood pressure and heart rate were
measured in both the supine and the standing position on
day -1 to day 5 in each treatment period, and on day -2 of
treatment period 1.

All subjects randomized into the studies and receiving
at least one dose of study medication were included
for safety and tolerability analysis. The Medical Dictionary
for Regulatory Affairs (MedDRA) was used to code the
adverse events of the trials. Descriptive statistics were
calculated for all variables collected at the screening
phase (demographic characteristics, ECG evaluations, vital
signs and laboratory safety tests). During the treatment
period, descriptive statistics were calculated for safety
evaluations (ECG evaluations, vital signs and laboratory
safety tests). Analyses of QT interval changes were also
made. All statistical analyses were performed using
SASTM.

C

Placebo on Day –1
500 mg S1RA or placebo on Day 1*

32 subjects randomized

Placebo on Day –1
500 mg  or 600 mg S1RA or placebo

on Day 1*

Washout ≥7 days

Placebo on Day –1
600 mg  or 800 mg S1RA or placebo

on Day 1*

Washout ≥7 days

Placebo on Day –1
800 mg S1RA or placebo on Day 1*

*Blocked randomization with a block size of four was performed. These sequences
provided balance for period and preceding treatment. Dose escalation was sequential
for each subject, with placebo randomized into each escalation scheme.

Washout ≥7 days

Period 1

One subject withdrawn
after Period 1 due

to pre-dose
vasovagal syncope

Period 2

Period 3

Period 4

Figure 1
Continued
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Pharmacodynamic assessments and analyses
All pharmacodynamic analyses included all subjects who
received at least one dose of study drug and had at least
one complete set of evaluable parameters, following the
intent-to-treat principle.

In order to explore any potential CNS activity of S1RA,
various assessments were conducted. In each study, VAS
were used to evaluate subjective effects, mainly somno-
lence and potential abuse liability related to the drug, and
were completed prior to dosing and at time points up to
48 h post dose. In studies 101 and 102, subjects completed
the Addiction Research Center Inventory (ARCI) [16],a true/
false questionnaire based on experienced drug users’
reports of drug effects, and measuring sedation, euphoria,
dysphoria, intellectual efficiency and amphetamine
effects, before and after dosing. In addition, subjects in
study 101 were asked to complete an end-of-study (EOS)
questionnaire about drug-liking and drug-identification at
24 h after drug administration, and in study 102, the self-
assessment scale for the evaluation of sleep and awaken-
ing quality (SSA) [17], a self-rating questionnaire that
allows subjective evaluation of sleep and awakening
quality, was completed prior to dosing on days 1–7 and
24 h post administration of the last dose.

In study 106, cognitive testing using a computerized
battery (CogState Clinical Trials Software, CogState Ltd,
Warminster, UK) was performed on day -1 and day 1, at 2 h
and 3 h post dose, and on day 2 at 24 h post dose. The
battery included a Groton maze learning task assessing
executive function, a one card learning task measuring
working memory and learning, a detection task measuring
simple reaction time and psychomotor function, an iden-
tification test measuring choice reaction time and a sus-
tained vigilance test (repeat of the detection task).

In studies 101 and 102, descriptive statistics were per-
formed for sedation, euphoria, somatic-dysphoric and
amphetamine effects measured by subscales of the ARCI
and for the VAS, measuring drowsiness, liking, high, good
effects, bad effects, sedation, nausea and salivation.
Descriptive statistics were also performed for the EOS
question about drug liking in study 101, and the quality of
sleep status, the quality of awakening status and the
somatic symptoms measured by the SSA in study 102.

In study 106, a linear mixed model was used to
compare the treatment effect on cognitive tests and VAS.
The model had treatment, sequence, period, gender, time
and time by treatment interaction as fixed effects, baseline
value as covariate, and subject as random effect. All statis-
tical analyses were performed using SASTM and a two-tailed
0.05 level of significance.

Blood sampling and laboratory analyses
Blood samples for pharmacokinetic evaluation in plasma
were collected into tubes containing K2-EDTA prior to
dosing and at various time points after dosing up to 48 h,
60 h and 96 h in studies 101, 102 and 106 respectively.

The quantification of S1RA was performed using a vali-
dated HPLC/MS/MS method (API4000 AB Sciex, Foster City,
CA, USA), which involved the extraction of S1RA and the
deuterium-labelled internal standard from plasma
samples (100 ml) [18]. The lower limit of quantification was
2 ng ml-1 in study 101 with a between-day precision and
accuracy of 5.9% (CV) and 108.3% (nominal value), respec-
tively, and 20 ng ml-1 in studies 102 and 106 with a
between day precision and accuracy of 7.7% (CV) and
91.6% (nominal value) respectively. The calibration curve
was linear up to 6000 ng ml-1.

Pharmacokinetic evaluations and analyses
The population for pharmacokinetic analysis consisted of
all subjects who had received at least one dose of study
medication and had an evaluable pharmacokinetic profile.
Non-compartmental pharmacokinetic analysis was per-
formed using appropriate software (WinNonlin, Pharsight
Corporation, Mountain View, CA, and SASTM). The following
pharmacokinetic parameters were obtained: maximum
plasma concentration (Cmax), time to maximum plasma
concentration (tmax), elimination half-life (t1/2), area under
the concentration–time curve from time zero to different
time points (AUC(0,•), AUC(0,24 h), AUC(0,t)), minimum
concentration after dose interval (Cmin) and accumulation
ratio (R).

For single and multiple dose studies, descriptive statis-
tical analyses for pharmacokinetic parameters were per-
formed using SASTM. An analysis of variance (ANOVA) was
performed for Cmax and AUC(0,24 h) for male and female
subjects of study 106 and for the last three values of Cmin at
days 6, 7 and 8 to assess whether steady-state had been
reached.

For the dose range studied (5–800 mg), a power model
using individual subject data was carried out to assess the
dose proportionality which assumed the following rela-
tionship: PK = a ¥ Doseb, where PK is the pharmacokinetic
parameter, in this case, Cmax or AUC. b can be obtained by
natural log transforming PK and dose, followed by linear
regression on ln(PK) = ln(a) + b ¥ ln(Dose).When b is not
statistically significantly different from unity (i.e. the 90%
confidence interval includes 1), dose proportionality can
be established [19–21].

Results

Demographics and baseline characteristics
A total of 175 healthy subjects (134 men and 41 women)
were randomized in the three studies (Table 1), with 162
completing as planned. In study 101,88 male subjects were
randomized (66 to active treatment and 22 to placebo) and
all completed the study (Figure 1A). In study 102, 55 sub-
jects were randomized, of whom 54 (28 male and 26
female) received at least one dose of study medication (43
active treatment and 11 placebo) and 43 completed the
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study.Eleven subjects did not complete the study (two due
to adverse events and nine due to the discontinuation of a
dose cohort) (Figure 1B).

In study 106, 32 subjects (17 male and 15 female) were
randomized and 31 completed all study periods. One
subject was withdrawn from the study after the first period
(S1RA 500 mg) due to an adverse event recorded before
active study medication was administered (Figure 1C).

Demographic and baseline characteristics of study sub-
jects are shown in Table 1.

Safety and tolerability
There were no serious adverse events reported in any of
the three studies. Few (46) treatment-emergent adverse
events (TEAEs), i.e. events after dosing with either placebo
or active treatment, occurred in studies 101 and 102. As
would be anticipated, a greater number of TEAEs (137)
were reported after administration of higher single doses
of S1RA in study 106.

Study 101 In study 101, 12 adverse events (two with
placebo and 10 with S1RA at any dose) occurred in eight
subjects, two with placebo (9.1%) and six with active treat-
ment (9.1%). Seven of them experienced one event and
one subject receiving 200 mg S1RA experienced five
events: headache, pruritus, swollen lip, skin rash and pru-
ritic skin rash. All were mild or moderate in intensity and
resolved without sequelae. The single most reported
symptom was headache (four subjects receiving S1RA and
one subject receiving placebo). All adverse events were

considered by investigators to be possibly related to study
drug, except for an event of elevated triglycerides in the
blood in a subject who received 100 mg S1RA which was
considered unlikely to be related to study drug. One
subject in the placebo group also exhibited an increase
in triglycerides and these elevations were without clinical
relevance.

Study 102 In study 102, 34 adverse events occurred (30
with active treatment and four with placebo) in 15 subjects
(12 receiving S1RA, i.e. 27.9% and three receiving placebo
i.e. 27.3%). The most common was headache (nine epi-
sodes, all with active treatment), followed by dizziness
(four out of six episodes with S1RA). Relationship with
study drug was classified as possible in 28 events, not
related in three events and unlikely in three events. One
subject receiving 100 mg S1RA withdrew on day 6 due to a
non-serious, non-related adverse event (dysmenorrhoea)
of severe intensity, and one subject receiving 300 mg S1RA
withdrew on day 4 due to paroxysmal atrial fibrillation (AF),
which was assessed as non-serious, possibly related to
study drug and of moderate intensity. This subject experi-
enced two episodes of paroxysmal AF (detected on ECG
and then palpitations without other signs or symptoms)
which resolved spontaneously without treatment and
without sequelae. In this subject, plasma concentrations of
S1RA were slightly lower than the mean concentration for
the group. Three days after stopping administration of
S1RA, the subject experienced the second AF event which
also reverted spontaneously. He was suffering from acute

Table 1
Demographics and baseline characteristics (mean (SD)) of subjects in studies 101, 102 and 106

Dose (mg) n
Age
(years)

Body weight
(kg)

Height
(cm)

Body mass
index (kg m–2)

Study 101
5 8 28.0 (6.5) 69.5 (5.3) 172.0 (8.3) 23.4 (2.0)

10 8 25.6 (5.4) 73.2 (9.1) 177.4 (7.9) 23.3 (2.2)
20 8 24.0 (3.2) 65.5 (6.7) 172.5 (5.1) 22.0 (1.6)
40 8 30.8 (6.11) 70.9 (7.3) 177.0 (5.9) 22.6 (1.9)
60 8 25.2 (2.4) 73.9 (10.1) 178.9 (6.0) 23.0 (2.3)

100 8 24.6 (5.3) 70.7 (9.1) 174.4 (8.8) 23.2 (2.0)
140 8 27.3 (3.5) 75.2 (5.7) 174.3 (7.5) 24.8 (1.4)
200 8 27.5 (5.9) 72.0 (9.8) 172.4 (6.8) 24.1 (1.7)
300 8 29.3 (7.8) 70.5 (6.3) 171.4 (8.0) 24.1 (1.8)
400 8 28.6 (5.9) 70.4 (8.6) 174.3 (5.4) 23.1 (2.3)
500 8 24.5 (3.3) 68.3 (7.5) 175.0 (6.4) 22.2 (1.7)

Study 102
50 10 31.8 (5.8) 66.1 (11.8) 167.7 (15.0) 23.4 (1.7)

100 11 27.7 (4.1) 63.5 (9.9) 166.2 (7.7) 22.9 (2.6)
200 10 27.4 (6.5) 65.2 (11.3) 169.7 (10.6) 22.5 (2.2)
300 (subgroup 1) 5 30.5 (7.8) 67.7 (9.2) 167.0 (14.1) 24.2 (0.8)
300 (subgroup 2) 5 28.8 (5.7) 65.9 (11.7) 167.8 (7.9) 23.2 (2.2)
300 (additional subgroup) 3 33.2 (10.3) 66.2 (11.3) 166.0 (13.5) 24.0 (1.9)
400 10 28.5 (6.7) 69.0 (11.7) 171.0 (9.6) 23.4 (2.1)

Study 106
500–800 32 24.2 (4.7) 67.4 (9.7) 173.09 (9.8) 22.4 (1.6)
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emotional stress (which is a potential alternative explana-
tion for the occurrence of the event) when he experienced
the two events and reported palpitations several months
prior to entering the study, also related to emotional stress.
Follow-up ECG, echocardiogram and Holter monitoring
were normal.

For prudence, and considering that S1RA is a new
chemical entity, dosing of the entire 300 mg dose cohort
(10 subjects) was stopped after the third (subgroup 1) or
the fourth (subgroup 2) dose administration (Table 1).
Based on the known safety profile of the drug and the
acceptable tolerability demonstrated in all the rest of the
healthy subjects previously tested, it was decided to con-
tinue with the 300 mg administration, but with a new and
smaller group of healthy subjects (additional subgroup).
The Ethics Committee approved a protocol amendment
for the continuation of the trial with 24 h Holter monitor-
ing throughout the 8 day repeated administration period.
Subjects in the new 300 mg cohort presented a good
safety and tolerability profile and no cardiac adverse
events were reported. Subsequently, the pre-planned
group of 400 mg was begun, also with 24 h Holter moni-
toring, which was continued during the 8-day multiple
dosing period. No cardiac adverse events were reported.

Study 106 In study 106, a total of 137 TEAEs were reported
in 25 subjects. Adverse events reported by at least 5% of
subjects in association with any treatment are shown in

Table 2. TEAEs are divided into those occurring during the
‘pre dose’ time interval (from dosing time on day -1, i.e.
placebo administration, to dosing time on day 1) and the
‘post dose’ time interval (from dosing time on day 1 to
dosing time on day -1 of the next period).

Two adverse events were rated as severe (both epi-
sodes of syncope following 500 mg S1RA), and the rest
were mild or moderate in intensity. Fifteen were consid-
ered by the investigator to be unrelated to treatment. One
subject was withdrawn from the study due to telemetry
findings of AF coinciding with an episode of vasovagal
syncope during cannulation observed before study medi-
cation was administered.

Following the 500 mg dose, the most common adverse
event was postural dizziness (three subjects), and two sub-
jects had an episode of syncope judged to be severe.These
episodes were considered by the investigator to be most
likely due to a drop in blood pressure rather than related to
the study drug. This alternative explanation is supported
by the fact that the study included frequent blood sam-
pling, the subjects were often required to stand up for
blood pressure assessments, the weather was unusually
warm and the subjects’ liquid intake was limited as per
protocol. For the subsequent treatment groups (600 mg
and 800 mg), sudden standing for blood pressure assess-
ment was not permitted and no further episodes of
syncope were observed at the higher dose levels. Four
TEAEs reported in three subjects were classified in the

Table 2
Treatment-emergent adverse events occurring in �5% of subjects receiving any study treatment in study 106*

Number of subjects n = 32 n = 31 n = 32 n = 31 n = 31
MedDRA System Organ
Class and Preferred Term Pre dose Placebo 500 mg S1RA 600 mg S1RA 800 mg S1RA

Any system 21 (11, 34.4%) 7 (6, 19.4%) 17 (12, 37.5%) 42 (17, 54.8%) 50 (15, 48.4%)
Nervous system disorders 11 (8, 25.0%) 3 (3, 9.7%) 8 (6, 18.8%) 13 (10, 32.3%) 17 (10, 32.3%)

Dizziness postural 6 (4, 12.5%) 1 (1, 3.2%) 3 (3, 9.4%) 4 (4, 12.9%) 2 (2, 6.5%)
Headache 0 2 (2, 6.5%) 1 (1, 3.1%) 5 (5, 16.1%) 6 (6, 19.4%)
Dizziness 2 (2, 6.3%) 0 1 (1, 3.1%) 0 6 (6, 19.4%)
Syncope 1 (1, 3.1%) 0 2 (2, 6.3%) 0 0
Disturbance in attention 0 0 0 2 (2, 6.5%) 0

Psychiatric disorders 0 0 4 (3, 9.4%) 14 (5, 16.1%) 14 (8, 25.8%)
Euphoric mood 0 0 0 5 (5, 16.1%) 1 (1, 3.2%)
Dissociation 0 0 1 (1, 3.1%) 2 (2, 6.5%) 2 (2, 6.5%)
Thinking abnormal 0 0 2 (2, 6.3%) 0 3 (3, 9.7%)
Hallucination, visual 0 0 0 2 (2, 6.5%) 1 (1, 3.2%)
Paranoia 0 0 0 2 (2, 6.5%) 1 (1, 3.2%)
Abnormal dreams 0 0 0 0 2 (2, 6.5%)
Restlessness 0 0 0 2 (2, 6.5%) 0

Gastrointestinal disorders 5 (3, 9.4%) 0 0 5 (5, 16.1%) 5 (4, 12.9%)
Nausea 2 (2, 6.3%) 0 0 3 (3, 9.7%) 4 (4, 12.9%)

Cardiac disorders 1 (1, 3.1%) 0 0 3 (3, 9.7%) 3 (3, 9.7%)
Palpitations 0 0 0 2 (2, 6.5%) 1 (1, 3.2%)
Sinus tachycardia 0 0 0 1 (1, 3.2%) 2 (2, 6.5%)

Vascular disorders 1 (1, 3.1%) 0 2 (2, 6.3%) 2 (2, 6.5%) 1 (1, 3.2%)
Orthostatic hypotension 1 (1, 3.1%) 0 2 (2, 6.3%) 2 (2, 6.5%) 0

*Number of AEs (subjects, % subjects with AE). Percentages in parentheses within table are calculated by dividing the number of subjects with at least one adverse event by the
number of subjects receiving that study treatment.
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psychiatric disorders MedDRA SOC (System Organ Class)
(Table 2).

Following the 600 mg dose, the most frequently
reported adverse events were headache and euphoric
mood (five episodes of each) and there were three events
of nausea. Several other psychiatric adverse events were
reported (Table 2). After the 800 mg dose, the most
common adverse events were headache and dizziness (six
episodes of each). In addition, eight subjects experienced a
total of 14 psychiatric adverse events at this dose level,
including three cases of abnormal thinking and two cases
each of abnormal dreams and dissociation. Seven of the
psychiatric and three of the CNS adverse events were
reported retrospectively at a later stage, that is, there were
no clinical indications of these events during the day of
dosing and no obvious concerns during monitoring by
health care professionals. All subjects performed and com-
pleted their tasks including their cognitive function tests.

Cardiovascular safety As discussed above, one subject in
study 102 receiving 300 mg S1RA developed AF on day 4
of dosing and was withdrawn from the study. One subject
in study 106 developed AF prior to dosing (during cannu-
lation) and was withdrawn from the study.

Two subjects experienced an episode of sinus tachycar-
dia during study 106. One of the subjects experienced
asymptomatic episodes of tachycardia 1 h after receiving
600 mg S1RA (up to 140 beats min–1) and 25 min after
800 mg S1RA (up to 150 beats min–1). The other subject
experienced asymptomatic sinus tachycardia with a
maximum heart rate of 174 beats min–1 approximately 5 h
after receiving 800 mg S1RA. Both episodes were observed
through telemetric monitoring. Subsequent examinations
by a consultant cardiologist were normal for both subjects.
Another subject was noted to have a brief, asymptomatic
episode of non-sustained ventricular tachycardia on Holter
monitoring prior to dosing.This subject was also seen by a
cardiologist, who found no evidence of underlying cardiac
disease.

There were no clinically relevant changes in QTc interval
observed during the three studies (data not shown). No
other clinically relevant changes were observed in any
other parameters of the 12-lead ECG, or in the 24 h Holter
monitoring, in any subjects participating in the three
studies (data not shown).

Other safety results Blood chemistry, haematology and
urinalysis results were not clinically relevant at baseline
and remained normal throughout the studies. Overall,
supine blood pressure and pulse rates were normal at
baseline and there were no clinically relevant changes
throughout the studies. Orthostatic hypotension was
noted in two subjects receiving 500 mg S1RA when stand-
ing for blood pressure measurements (at 2 h 5 min and at
4 h 15 min post dose, respectively). Three other subjects at
this dose level reported dizziness on standing at 2–3 h post

dose and two experienced episodes of syncope (at 2 h
15 min and at 3 h 10 min post dose, respectively). As dis-
cussed above, sudden standing for blood pressure mea-
surement was not permitted at higher dose levels and no
further episodes of syncope were observed. No clinically
significant findings in physical examination were observed
during the studies.

Pharmacodynamics
In studies 101 and 102, no consistent pattern of CNS effects
was demonstrated in any pharmacodynamic evaluations,
including SSA, ARCI or the EOS questionnaire about drug-
liking and drug-identification.

All VAS evaluated in studies 101 and 102 showed no
effect at any of the tested doses, even at the highest ones
(500 mg single dose and 400 mg multiple dose). In study
106, VAS assessments generally showed a dose-related
trend with no significant effect at 500 mg, while the
800 mg dose exhibited the greatest effect (Figure 2). At 2 h
post dose, subjects receiving 800 mg S1RA were rated as
being more drowsy, dreamy and excited, and less profi-
cient, energetic, quick-witted, clear-headed and relaxed,
compared with subjects receiving placebo. After 24 h,
ratings were similar for all treatment groups.

In study 106, some slowing of response for simple
reaction time (detection task) and choice reaction time
(identification task) was observed 2 h following the
administration of S1RA, compared with placebo (data not
shown).This recovered by 24 h post dose. Also on comput-
erized cognitive testing, there was no effect on visual
memory, executive function, attention or somnolence at
any assessment.

Pharmacokinetics
Pharmacokinetic parameters of single and multiple doses
of S1RA obtained in the single dose studies (101 and 106)
and the multiple dose study (102) are summarized in
Table 3 and Table 4, respectively. Also, pharmacokinetic
parameters for male and female subjects in study 106 are
shown in Table 5.

Single dose studies After single oral dose administration,
fast absorption, rapid distribution and slow terminal elimi-
nation were observed (Figure 3). The rate and extent of
exposure to S1RA increased with dose in both studies
(Figure 4). Slight differences in the mean exposure at
500 mg among subjects from study 101 and study 106
were observed (Table 3).

The mean terminal monoexponential phase half-life for
S1RA ranged from 14.8 to 19.7 h in the lower single dose
study (5–500 mg, study 101) and 31.9 to 41.5 h in the
higher single dose study (500–800 mg, study 106).

The S1RA maximum plasma concentration (Cmax)
increased with increasing dose over the dose range
5–800 mg although this increase appeared to be less than
the proportionate dose increment (Table 3 and Figure 4A)
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and the Cmax value at the highest dose level (800 mg) was
approximately 49.8% lower than the value predicted from
a linear relationship. The power model analysis concluded
that Cmax proportionality was maintained in the dose range

from 5–300 mg. The extent of systemic exposure of
humans to S1RA characterized by AUC(0,24 h) increased
proportionately with increasing dose in the range
5–60 mg, according to the power model analysis. However,
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Table 3
Pharmacokinetic parameters of single doses of S1RA in studies 101 and 106*

Dose
(mg)

Cmax

(mg ml–1)
tmax

(h)
t1/2

(h)
AUC(0,24 h)
(mg ml–1 h)

AUC(0,•)
(mg ml–1h)

Cmax/Dose
(mg ml–1)/g

AUC(0,24 h)/Dose
(mg ml–1 h)/g

Study 101
5 0.07 (0.02) 0.8 (0.6–0.8) 19.7 (4.7) 0.24 (0.06) 0.35 (0.10) 13.9 (4.0) 48.9 (11.1)

10 0.11 (0.05) 1.0 (0.8–1.2) 15.7 (2.5) 0.53 (0.36) 0.77 (0.45) 10.7 (4.9) 52.6 (36.0)
20 0.25 (0.07) 0.8 (0.8–0.9) 15.7 (6.2) 0.95 (0.27) 1.24 (0.31) 12.6 (3.7) 47.7 (13.3)
40 0.51 (0.19) 0.8 (0.8–0.9) 15.6 (2.8) 2.19 (0.80) 3.09 (1.36) 12.8 (4.7) 54.9 (20.1)
60 0.62 (0.13) 0.8 (0.6–1.2) 17.0 (3.0) 3.11 (0.77) 4.30 (1.20) 10.4 (2.2) 51.9 (12.8)
100 1.22 (0.45) 0.9 (0.8–1.2) 14.8 (4.7) 7.92 (3.98) 8.70 (2.37) 12.2 (4.4) 79.2 (39.8)
140 1.43 (0.26) 0.8 (0.8–0.9) 17.1 (6.3) 9.05 (2.90) 13.98 (4.84) 10.2 (1.9) 64.6 (20.7)
200 2.51 (1.05) 0.9 (0.8–1.5) 18.4 (3.4) 15.10 (3.95) 23.20 (7.88) 12.5 (5.3) 75.5 (19.7)
300 3.44 (0.47) 0.8 (0.6–1.4) 19.1 (4.8) 22.96 (2.99) 35.96 (5.62) 11.4 (1.6) 76.5 (10.0)
400 3.11 (0.79) 1.2 (1.0–1.3) 15.9 (3.1) 21.25 (8.09) 39.99 (10.12) 7.8 (2.0) 53.1 (20.2)
500 4.72 (1.82) 1.3 (0.9–1.8) 15.1 (4.6) 30.78 (6.61) 46.69 (17.37) 9.4 (3.6) 61.6 (13.2)

Study 106
500 3.94 (0.79) 1.5 (1.4–2.0) 31.9 (8.0) 36.90 (6.46) 85.75 (19.06) 7.9 (1.6) 73.8 (12.9)
600 4.36 (0.71) 2.0 (1.5–2.0) 35.5 (6.8) 44.98 (7.15) 112.07 (24.07) 8.7 (1.4) 90.0 (14.3)
800 5.58 (1.18) 2.0 (1.5–2.5) 41.5 (7.1) 56.98 (8.50) 155.91 (28.83) 11.2 (2.4) 114.0 (17.0)

*Mean (SD). tmax values are expressed as median (25th percentile–75th percentile).

New sigma-1 receptor antagonist: safety, tolerability and pharmacokinetics

Br J Clin Pharmacol / 75:1 / 111



at higher doses, the AUC(0,24 h) increase was greater than
the proportionate dose increment and at 800 mg
AUC(0,24 h) was approximately 45.8% higher than the
value predicted from a linear relationship (Table 3 and
Figure 4B).

Median tmax appeared to increase with increasing dose
of S1RA (Table 3 and Figure 5), being 2 h for 600 mg and
800 mg, compared with 0.75–1.5 h for doses of 5–500 mg.

The evaluation of demographic covariates on S1RA phar-
macokinetics showed that the rate and extent of systemic
exposure of humans to S1RA was not affected by gender
(P > 0.05) at doses of 500–800 mg (Table 5). Also, there was a
weak negative correlation between final drug exposure
parameter (AUC(0,24 h)/Dose) and total body weight
(r = 0.262).On the other hand,the narrow range of ages (from
18 to 45 years) precluded a robust examination of the influ-
ence of this covariate on the pharmacokinetics of S1RA.

Multiple dose study Following the multiple oral adminis-
tration of S1RA for 8 days, fast absorption, rapid distribu-
tion and slow terminal elimination of S1RA were also
observed (Figure 6). Median tmax did not change after mul-
tiple oral administration of S1RA for 8 days.

The rate and extent of systemic exposure of humans to
S1RA in terms of Cmax and AUC(0,t) increased proportion-
ately with increasing dose over the dose range 50–300 mg
(Table 4). At the 400 mg dose, the Cmax value was approxi-
mately 31.8% lower, and the AUC(0,t) value was approxi-
mately 24.7% higher, than the value predicted from a linear
relationship.

To evaluate whether steady-state had been reached, a
statistical analysis of the Cmin values obtained at days 6, 7
and 8 was performed. The results showed that there were
no significant differences in the Cmin values at the adminis-
tered doses (P > 0.05). Therefore, it can be proposed that
steady-state had been reached after 8 days of administra-
tion of S1RA once a day.

A theoretical assessment of time-dependent pharma-
cokinetics was also conducted based on the comparison of
the expected accumulation factor and the observed accu-
mulation factor calculated as R = AUC(0,t) last day : AUC(0,t)
first day (Table 4). Based on the expected (2.7 for a half-life
in the range of 31.9 to 41.5 h obtained in the higher single
dose study) and observed accumulations at various S1RA
doses (1.8–2.4), it seems that S1RA does not exhibit time-
dependent pharmacokinetics.

Table 4
Pharmacokinetic parameters of multiple doses of S1RA in study 102*

Dose
(mg) Day

Cmax

(mg ml–1)
tmax

(h)
AUC(0,t)
(mg ml–1 h)

Cmax/Dose
(mg ml–1)/g

AUC(0,t)/Dose
(mg ml–1 h)/g

Cmin

(mg ml–1)
R
Cmax

R
AUC(0,t)

50 1 0.67 (0.15) 0.8 (0.8–0.8) 3.63 (1.95) 13.5 (3.0) 72.7 (38.9) – – –
100 1 1.36 (0.39) 0.8 (0.8–1.0) 7.56 (1.29) 13.6 (3.9) 75.6 (12.9) – – –

200 1 3.12 (0.96) 1.0 (0.9–1.0) 23.85 (6.88) 15.6 (4.8) 119.3 (34.4) – – –
300 1 4.41 (1.07) 1.0 (0.8–1.8) 27.38 (6.33) 14.7 (3.6) 91.3 (21.1) – – –

400 1 3.64 (0.98) 1.0 (0.9–1.5) 27.97 (5.53) 9.1 (2.4) 69.9 (13.8) – – –
50 8 0.99 (0.46) 0.8 (0.7–0.8) 6.50 (4.17) 19.9 (9.2) 130.0 (83.5) 0.14 (0.13) 1.5 1.8

100 8 2.04 (0.39) 0.8 (0.5–0.8) 17.34 (5.38) 20.4 (3.9) 173.4 (53.8) 0.48 (0.23) 1.6 2.3
200 8 3.86 (0.85) 1.0 (0.8–1.3) 44.23 (11.59) 19.3 (4.2) 221.2 (57.9) 1.28 (0.44) 1.3 1.9

300 8 4.29 (0.86) 1.4 (1.1–1.7) 72.67 (23.78) 14.3 (2.9) 242.2 (79.3) 2.63 (1.17) 0.9 2.4
400 8 5.42 (0.64) 0.9 (0.8–1.3) 64.80 (8.80) 13.5 (1.6) 162.0 (22.0) 1.95 (0.41) 1.6 2.4

*Mean (SD). tmax values are expressed as median (25th percentile–75th percentile).

Table 5
Pharmacokinetic parameters of male and female subjects in study 106*

Dose (mg) Gender Cmax (mg ml–1) tmax (h) t1/2 (h) AUC(0,24 h) (mg ml–1 h)

500 Male 3.84 (3.46, 4.22) 1.5 (1.5–2.0) 30.4 (8.9) 37.41 (34.04, 40.78)
600 4.35 (3.99, 4.71) 1.5 (1.5–2.0) 34.6 (7.7) 46.46 (42.36, 50.56)

800 5.51 (4.83, 6.19) 1.8 (1.4–2.0) 40.2 (6.2) 57.81 (52.97, 62.66)
500 Female 4.05 (3.57, 4.53) 1.5 (1.3–2.0) 35.8 (6.6) 36.32 (32.71, 39.94)

600 4.36 (3.94, 4.79) 2.0 (1.5–2.0) 37.7 (4.9) 43.40 (39.85, 46.94)
800 5.66 (5.05, 6.26) 2.0 (1.5–3.0) NC 56.09 (51.64, 60.54)

*Cmax and AUC(0,24 h) values are expressed as mean (95 % CI), tmax values are expressed as median (25th percentile–75th percentile) and t1/2 values are expressed as mean (SD).
NC, not calculated.
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Discussion

The new chemical entity S1RA has demonstrated an
acceptable safety and tolerability profile in healthy male
and female subjects. The MTD of S1RA was not reached
following the administration of single doses of up to
800 mg or multiple doses of up to 400 mg daily for 8 days.

These three studies enrolled a total of 175 subjects,
providing a robust evidence base. The most common
adverse events were headache and dizziness, with the

majority of adverse events reported being of mild or mod-
erate intensity. Importantly, no serious adverse events
occurred in any of the three studies.

As might be expected, increased numbers of adverse
events were reported with higher single doses of S1RA,
with the majority being classified as nervous system or
psychiatric disorders, as would be anticipated for a cen-
trally acting drug. Some of these adverse events were
reported retrospectively. Importantly, there were no clini-
cal indications of these events during the day of dosing,
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(A) Mean plasma concentration of S1RA over a 24 h period after single oral doses of 5–800 mg (linear scale). (B) Mean plasma concentration of S1RA over
time after single oral doses of 5–800 mg (logarithmic scale). Study 101: , 5 mg; , 10 mg; , 20 mg; , 40 mg; , 60 mg; , 100 mg; ,
140 mg; , 200 mg; , 300 mg; , 400 mg; , 500 mg. Study 106: , 500 mg; , 600 mg; , 800 mg
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and all cognitive testing and monitoring was performed
without incident, suggesting the clinical relevance of these
events is limited. While there was some degree of slowing
of simple reaction time and choice reaction time on cog-
nitive testing performed 2 h after administration of S1RA
(500, 600 or 800 mg), S1RA had no effect on visual memory,
executive function, attention or somnolence and all cogni-
tive tests were normal 24 h post dose. Although no con-
cerns about nervous or psychiatric disorders were raised, it
will be important to continue to evaluate the impact of
S1RA in the CNS.

Among all studies, three subjects experienced cardiac
rhythm adverse events while on treatment with S1RA.
There were two episodes of AF in the same subject, only
one of which occurred after dosing (300 mg S1RA), and
was assessed as being possibly related to study drug. This
event, occurring on the fourth day of dosing in a subject
experiencing acute emotional stress, and who reported a
prior episode of palpitations in association with stress
months before, resolved spontaneously without sequelae.
Two subjects experienced asymptomatic episodes of sinus
tachycardia shortly after receiving 600 and 800 mg S1RA.
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Subsequent examinations by a consultant cardiologist
were normal. It should also be noted that three subjects
not receiving active treatment experienced arrhythmic
events (one episode of AF and two episodes of non-
sustained ventricular tachycardia).

ECG monitoring conducted in the three studies indicated
that administration of S1RA at doses of up to 800 mg once
daily was not associated with prolongation of the QTc interval,

and there were no significant changes in terms of rhythm,
conduction and ECG variations. Furthermore, other collected
cardiac safety data did not indicate any trend or results of
clinical relevance. Hence, in the current studies S1RA was not
associated with significant cardiac side effects and this will
continue to be reviewed in future studies.

The pharmacokinetic profile of S1RA in humans allows
once daily dosing. Absorption was rapid and the rate and
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extent of exposure increased with dose. At higher doses
the extent of exposure increased in a greater than dose-
proportional manner and the rate of exposure at a lower
than dose-proportional manner. Median tmax values were
also extended at higher doses. This finding together with
the decrease of Cmax with dose could probably be due to a
saturation of the absorption process at high dose levels.

The mean terminal half-life ranged from 14.8 to 41.5 h.
The longer value observed in study 106 compared with study
101 might be a reflection of a multicompartment drug dispo-
sition that could not be properly estimated in study 101 due
to the sampling difference between studies (last post dose
sample at 48 h and 96 h for 101 and 106, respectively). The
presence of this peripheral compartment, which leads to a
longer terminal half-life but with relatively low drug concen-
trations, is considered to have minimal impact based on drug
accumulation upon multiple dosing (once a day) since this
terminal half-life may only represent a small fraction of the
total clearance of a drug.

The slight difference in the mean exposure at 500 mg
observed among subjects from study 101 and study 106
might be attributable to the inherent pharmacokinetic
variability, the low number of subjects in study 101 with
respect to study 106 (n = 6 and 32, respectively) and the
identification of the slow peripheral compartment with a
longer mean terminal half-life in study 106 due to the
extension of the blood collecting period.

Although the studied population was relatively
homogenous, the influence of several demographic cova-
riates on S1RA pharmacokinetics was investigated and it
was concluded that the pharmacokinetic profile of S1RA
does not appear to be affected by gender and weight.

The pharmacokinetic/pharmacodynamic relationship
based on plasma concentrations of S1RA associated with
analgesic activity in preclinical pharmacological models of
pain suggests that the estimated therapeutic dose range
for S1RA in humans should be around 100–400 mg in
terms of Cmax and 20–150 mg in terms of AUC. Both estima-
tions are well within the dose range already administered
to humans that is associated with an acceptable safety and
tolerability profile.

Many currently available treatments for pain are asso-
ciated with troublesome side effects, and/or limited effi-
cacy, and/or require frequent dosing and/or titration.
Therefore, pain management is not satisfactorily resolved.
In this context, the identification of new mechanisms of
action and the development of treatments strategies is
necessary. S1RA provides a novel approach with a new
mechanism of action which is complementary to those of
other drugs used in pain management, and also supports
potential combination usage with other analgesic com-
pounds.Taken together with preclinical data, these phase I
results support the further investigation of S1RA in clinical
studies to evaluate its efficacy, safety and tolerability in
patients suffering from pain of various aetiologies, which
are currently underway.

In conclusion, S1RA is well tolerated in healthy male
and female subjects at single doses of up to 800 mg and
multiple doses of up to 400 mg once daily for 8 days, with
no dose-limiting toxicities or serious adverse events
observed. S1RA is rapidly absorbed with rate and extent of
exposure increasing with increasing dose and t1/2 compat-
ible with once a day administration. The safety, tolerability,
pharmacokinetic and pharmacodynamic profiles of S1RA
demonstrated in these three phase I studies support its
further development.
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