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What is already known about this subject
• Despite encouraging effects of N-methyl-D-aspartate

(NMDA) receptor antagonists in reducing neuropathic
pain of different aetiologies, the clinical use of these
agents has been limited by their mainly psychotropic
side-effects.

• In a recent study in healthy volunteers, CNS 5161, a
novel noncompetetive NMDA receptor antagonist, was
well tolerated up to a dosage of 2000 mg without
psychotropic side-effects.

• This is the first study to evaluate the maximal tolerated
dosage of CNS 5161 and to gain experience about the
analgesic effect of CNS 5161 in patients with different
pain syndromes.

What this study adds
• In patients with neuropathic pain CNS 5161 is well tolerated

up to a dosage of 500 mg with the most common side-effect
of increasing blood pressure, mild visual disturbances and
headaches.

• While no therapeutic effect can be observed in a dosage up
to 250 mg, treatment with 500 mg CNS 5161 provides some
indications of analgesic activity.

• It appears that this effect occurs predominantly in patients
with diabetic neuropathy.
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Aims
The purpose of the current study was to establish the safety and maximal tolerated
dose of CNS 5161 HCl.

Methods
Forty patients with chronic neuropathic pain (23 male, 17 female) were treated with
escalating dosages of CNS 5161. All adverse events to study drug, blood pressure,
heart rate, ECG, drug level and clinical laboratory values were monitored. Actual pain
was measured on a 100-mm visual analogue scale (VAS) and ordinal verbal pain
scores.

Results
The most commonly occurring nervous system disorder was headache, which was
found more often during placebo than during CNS 5161 HCl treatment. Visual
disturbances were experienced by 16.7% of patients receiving 250 mg and by 33.3%
receiving 500 mg CNS 5161 HCl, but not during placebo treatment. An increase in
blood pressure was observed in 8.3% of patients receiving 250 mg and in 50% of
patients receiving 500 mg CNS 5161 HCl, compared with 15.4% during placebo
treatment. The study was abandoned after two patients entered the 750 mg cohort due
to a sustained systolic blood pressure response. Although this study was
underpowered for the confirmation of efficacy, some indications of greater pain relief
after 500 mg CNS 5161 compared with placebo could be observed (change in VAS
between baseline and 12 h 10 � 22 mm vs. 2 � 19 mm; P = 0.11).

Conclusions
CNS 5161 HCl was reasonably well tolerated up to 500 mg. The most common adverse
events were hypertension, headache and mild visual disorders.
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Introduction
Pain is a symptom of a variety of acute and chronic
neurological syndromes, including truncal, proximal
motor, acute sensory and chronic distal sensorimotor
neuropathies. Development and persistence of neuro-
pathic pain is a multifaceted process in which peripheral
nerve injury induces a cascade of degeneration, bio-
chemical and regulatory changes at the levels of the
peripheral axons, spinal root, spinal cord and brain [1].
Neurotransmission of pain is regulated by complex exci-
tatory and inhibitory interactions from several spinal
cord cells, acting on neurokinin, N-methyl-D-aspartate
(NMDA) and opiate receptors embedded in the postsyn-
aptic membrane [2]. Neuropathic pain appears to be less
responsive to opioid drugs than nociceptive pain. Recent
evidence suggests that NMDA receptor antagonists
may be effective in the treatment of neuropathic
pain of several aetiologies [2–7]. However, treat-
ment has been significantly limited by the psychotropic
side-effects seen with such substances. CNS 5161
HCl (N-(2-chloro-5-(methylmercapto)phenyl)-N′-(3-
(methylmercapto)phenyl)-N′-methylguanidine) (HCl) is
a novel and selective noncompetitive NMDA antagonist
with a Ki of 1.8 nm for the ion-channel binding site of
the NMDA receptor complex [8]. The chemical structure
of CNS 5161 is shown in Figure 1.

CNS 5161 appears to be different from traditional
high-affinity NMDA antagonists since in preliminary
preclinical and clinical studies no psychometric effects
have been observed. In a previous study, CNS 5161 was
well tolerated in human healthy volunteers, the major
observation at high doses being a rise in blood pressure
[9]. The purpose of the current study was to establish a
maximum tolerated dose of CNS 5161 HCl by evaluat-
ing its safety at escalating dose levels in patients with
neuropathic pain. In addition, the effects of CNS 5161

HCl on a visual pain analogue scale (VAS), a verbal pain
intensity (VPI) and a verbal pain relief (VPR) score were
recorded.

Methods
Study procedure
This was a multicentre, double-blind, placebo-
controlled, crossover study of CNS 5161 HCl in patients
with chronic neuropathic pain. Each patient received a
single dose of CNS 5161 HCl or placebo in a random-
ized sequence with a wash-out period of at least 7 days
in between both treatments. Patients were randomly
assigned to their treatment sequence according to a
computer-generated randomization list. Cohorts of 12
patients were intended to receive escalating dosages of
125, 250, 500 and 750 mg CNS 5161, after safety data
from the preceding cohort had been assessed by a safety
review board. The study participants received the study
treatment intravenously as a controlled infusion in 50 ml
saline. Fifteen millilitres of the total volume was given
as a bolus within the first 10 min and the remaining
35 ml were continuously infused over 5 h 50 min. The
patients remained in hospital overnight and were
released the next morning after blood and urine samples
had been provided for laboratory safety evaluations and
vital signs, ECG, concomitant medications and adverse
events (AEs) had been recorded and the pain question-
naires had been completed.

Patients were instructed to continue on their regular
medication if the medications had been taken in a stable
dosage for the previous 3 months. No change in analge-
sic medication was allowed during the course of the
study.

Local ethics approval was granted and all study par-
ticipants provided written informed consent.

Study population
The trial inclusion criteria comprised: males or females
aged 21–75 years, neuropathic pain of at least 6 months’
duration, current medication stable for 3 months before
the start of the study, ability and willingness to partici-
pate, and a stable pain perception [with a mean of
�35 mm on VAS of 100 mm during the 6-day
(�2 days) screening period]. The exclusion criteria
were: uncontrolled hypertension defined as systolic
blood pressure >150 mmHg or diastolic >90 mmHg,
concurrent administration of ketamine, history of spon-
taneous nontraumatic intracranial haemorrhage and con-
current severe mental deficit.

Study medication
Study drug was supplied as 5-ml vials containing CNS
5161 HCl 1 mg ml-1 (as base) sterile solution for injec-
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Figure 1
Chemical structure of CNS 5161 HCl
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tion, and 5-ml vials of matching placebo. At the inves-
tigator sites, the study drug was diluted in a 50-ml
syringe using sterile physiological saline. Initially a slow
bolus dose of 30% of the total dose of study drug was
administered over 10 min. The remaining dose (contain-
ing 70% of the total dose) was administered as a con-
tinuous infusion from 10 min to 6 h.

Pharmacokinetic analysis
Blood samples for pharmacokinetic analysis were taken
at baseline, at 10 min, 2, 6, 9, 12 and 24 h after the
commencement of infusion on each treatment day. A
liquid chromatography–tandem mass spectrometry bio-
analytical assay was used for determination of plasma
CNS 5161 levels. Pharmacokinetic analysis was con-
ducted using WinNonlinProb, version 4.1.

Safety measurements
Physical examinations were performed at screening,
before drug administration at each treatment visit and at
the 7-day follow-up visit. Standard laboratory tests were
performed at screening, at baseline for each treatment
period, at 24 h after the end of each drug administration
and at the 7-day follow-up visit. Safety laboratory analy-
ses comprised: haemoglobin, haematocrit, red blood
cells, platelet count, white blood cells, neutrophils,
lymphocytes, monocytes, eosinophils and basophils,
sodium, potassium, creatinine, urea, alanine aminotrans-
ferase, aspartate aminotransferase, total bilirubin and
g-glutamyl transferase. Changes in physical examination
and laboratory test values were evaluated for safety con-
siderations. Vital signs, blood pressure and ECG were
monitored throughout drug administration every 30 min,
thereafter hourly up to 12 h and once more after 24 h. All
AEs over the entire duration of study participation were
documented.

Efficacy measurements
Pain was evaluated at baseline before the medication
was applied, at 2 h into drug administration, at the end
of drug administration and at 12 and 24 h. A VAS
(0 mm = no pain and 100 mm = worst possible pain)
was used to record the pain level. The distance from the
start of the line (0 mm) to the point where the patient’s
mark crossed the line was recorded [10, 11]. In addition,
a VPI and a VPR were used. The VPI is an ordinal scale,
rating pain intensity between 0 (no pain) and 5 (worst
pain imaginable), while the VPR scale is used for the
rating of pain change over time providing scores from 0
(pain worse) to 5 (complete relief of pain).

Statistical analysis
Summary statistics for quantitative data were recorded
as n and mean � SD (or range). For categorical data,

a frequency table (showing n and %) replaced this
summary. All safety analyses were performed on the
safety analysis set, which included all patients random-
ized in the study. The primary efficacy variable was the
VAS for pain intensity. Secondary efficacy variables
were the VPI and VPR scales. Efficacy variables were
analysed on the per protocol (PP) analysis set. Within
each cohort, the study drug was compared with
placebo using Koch’s nonparametric test of treatment
difference (i.e. a Mann–Whitney test between treat-
ment sequences of the differences between treatment
period 1 and treatment period 2) for each scheduled
time post dose.

Results
A total of 40 patients were recruited and received one
dose of study drug on one occasion and placebo on
another occasion in randomized order. The clinical char-
acteristics, the origin of neuropathic pain and the
number of hypertensive patients according to the differ-
ent dose cohorts are given in Table 1.

Twelve patients joined each of cohorts 1 (125 mg)
and 2 (250 mg) and all of them completed the study. A
further patient was randomized to cohort 2, but by
mistake received a partial dose of treatment assigned
for cohort 3. This patient was included in the cohort 3
safety analysis and withdrawn from efficacy analysis
population. Thirteen patients were initially randomized
to cohort 3 (500 mg), which made a total of 14
included in this cohort. One withdrew consent before
treatment, the other was withdrawn following the
above discribed dosing error. Twelve patients com-
pleted cohort 3. Two patients were randomized to
cohort 4, which was terminated after one patient com-
pleted both treatment periods and one patient com-
pleted the first period due to a sustained increase in
systolic blood pressure for >6 h.

The pharmacokinetic characteristics of CNS 5161 at
escalating dose steps are summarized in Table 2. Thirty
percent of the total dose was applied within the first
10 min and the remaining 70% were infused over 5 h
50 min. The terminal half-life of the drug was compa-
rable in between the 125 mg and 500 mg. A linear rela-
tionship of plasma concentration was found between the
250-mg and 500-mg doses. The mean plasma concentra-
tion in the 125 mg dose group was approximately one-
third that of the 250-mg group.

One serious AE was reported: a case of cerebral
ischaemia in a 51-year-old patient 8 days after admin-
istration of 750 mg of CNS 5161 HCl, which required
hospitalization but resolved in 14 days. This event
was unexpected and considered unlikely to be related
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to study treatment or procedure; it was possibly
related to the patient’s history of diabetes and
smoking.

Nervous system disorders, classified as treatment
related (probable or possible association with study
drug) occurred with increasing frequency during dose
escalation of CNS 5161 HCl. The most commonly
occurring was headache, which was reported approxi-
mately once per affected patient at 125 mg (two events in
two of 12 patients), 250 mg (five events in four of 12
patients) and 500 mg (four events in three of 12 patients),
but also at a rate of approximately two events per
affected patient in those receiving placebo (14 events in
seven of 39 patients). Blurred vision was experienced by
16.7% of patients receiving CNS 5161 HCl at 250 mg,
and 33.3% receiving 500 mg. No patients experienced
visual disturbances during placebo treatment. There
were cases of flatulence (16.7% in those receiving CNS
5161 HCl at 500 mg), dyspepsia and abdominal discom-
fort (8.3% at 250 mg) and nausea (8.3% at 500 mg)
during study drug application.

Infusion of CNS 5161 at all dosages was associated
with an increase in mean systolic, and to a lesser extent
also in diastolic blood pressure. The changes in blood
pressure were found to be dose related. The time course
of mean systolic and diastolic blood pressure values for
each dose cohort is given in Figure 2a,b.

At 125 mg and 250 mg of CNS 5161, a slight systolic
blood pressure elevation was found within the first 6 h of
study drug appliacation, which remained clinically neg-
ligible.

In the 500-mg cohort, onset of the increase in mean
systolic pressure was at about 1–1.5 h into the infusion,
initially peaking at 2.5–4 h (mean difference from base-
line at 2.5 h = 9.1 � 24.3 mmHg and declining towards
baseline levels at 5 h). There was a second peak in sys-
tolic pressure, reaching a maximum at 8 h (mean differ-
ence from baseline 16.3 � 19.9 mmHg), followed by a
decline towards baseline by 11 h after the start of infu-
sion. Mean diastolic pressure appeared largely undis-
turbed, except for a peak at 8 h when the mean change
was 5.8 � 12.4 mmHg.

Table 1
Clinical characteristics and origin of
neuropathic pain in the different cohorts
[n; mean � SD; (range); safety analysis
set]

Cohort 1
125 mg

Cohort 2
250 mg

Cohort 3
500 mg

Cohort 4
750 mg

n 12 12 14 2
History of hypertension 3 4 8 0
Age (years) 54.8 � 9.7 53.0 � 14.5 56.4 � 10.2 62.5 � 16.3

(range) (40–74) (32–73) (40–72) (51–74)
Sex (male/female) 8/4 5/7 8/6 2/0
Height (cm) 173 � 11 170 � 9 171 � 8 185 � 0
Weight (kg) 83 � 18 79 � 19 81 � 18 101 � 8
Postherpetic pain (n) 3 2 0 1
Diabetic neuropathy (n) 0 3 8 0
Post-traumatic injury (n) 6 6 4 1
CRPS I (n) 2 0 1 0
CRPS 2 (n) 1 1 1 0

CRPS, chronic regional pain syndrome.

Table 2
Pharmcokinetic data of CNS 5161 (mean
� SD) in the different dosage cohorts

Cohort 1
125 mg
12

Cohort 2
250 mg
12

Cohort 3
500 mg
12

t1/2 (h) 8.2 � 3.4 8.7 � 3.7 8.3 � 1.6
Cmax (pg ml-1) 331.6 � 204.9 876.0 � 582.0 1056.7 � 484.0
AUC0-24 h (h pg-1 ml-1 mg-1) 1772.3 � 565.6 4348.2 � 915.9 7017.3 � 2093.3
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At 750 mg, mean systolic blood pressure increased
30 min after the start of the infusion (increase over base-
line of 8.5 � 9.2 mmHg), from which it continued to
rise, reaching a peak increase over baseline of
28.0 � 45.3 mmHg after 6 h, and thereafter rapidly
declined towards baseline levels. In this small patient
group, diastolic blood pressure was essentially unaf-
fected.

Elevation of blood pressure was experienced by one
(8.3%) patient receiving CNS 5161 HCl at 250 mg, by
six (50.0%) receiving 500 mg and by one of the two
patients who received 750 mg, compared with 15.4%
during placebo treatment. In most cases there was a
history of controlled hypertension. Heart rate fell
slightly with all treatments, including placebo. There
were no consistent ECG abnormalities associated with
CNS 5161 HCl treatment, and no clinically significant
alterations in safety laboratory parameters.

This early safety study was insufficiently powered to
demonstrate analgesic efficacy of the drug, but the
opportunity was taken to study some measures of pain
relief. Since only one patient finished treatment cohort 4,
the 750-mg cohort was excluded from efficacy evalua-
tion. The time course of the VAS score for the different
dosage cohorts is presented in Table 3. At the dose level
of 125 mg and 250 mg CNS 5161 HCl, no difference in
the VAS score could be found between CNS 5161 and
placebo. In patients receiving 500 mg CNS 5161, the
VAS score was found to be slightly lower in the CNS
5161 group within the first 12 h after application com-
pared with the placebo group. As shown in Figure 3,
there is some indication of a stronger reduction in pain
after CNS 5161 HCl over the first 12 h measured by VAS
compared with placebo.

No differences in the VPI or VPR scores or the change
in VPI or VPR scores could be observed between

Figure 2
(a, b) Time course of systolic (a) and diastolic

(b) blood pressure during the different

treatment periods (mean � SD; , 125 mg;

, 250 mg; , 500 mg CNS 5161 HCl;

�, placebo)
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placebo and CNS 5161 HCl for any dose of CNS 5161
HCl.

Discussion
Pharmacological treatment of neuropathic pain is still a
challenge, and conventional analgesics such as mor-
phine and nonsteroidal anti-inflammatory drugs have
shown limited therapeutic efficacy. Tricyclic antidepres-
sants, serotonin-noradrenalin reuptake inhibitors and
pregabalin, often used for the treatment of neuropathic
pain, do not give sufficient pain reduction in up to 50%
of patients [2, 12–15]. Therefore, there is still a need for
the development of drugs providing adequate pain relief
in patients with chronic neuropathic pain syndromes.
Excessive activation of glutamate receptors, especially
of the NMDA subtype, has been associated with neuro-
pathic pain. Noncompetitive NMDA antagonists such as
ketamine have been reported to ameliorate neuropathic

pain, but their clinical use for the treatment of neuro-
pathic pain is limited by their side-effects, which include
auditory and visual disturbances, hallucinations, feel-
ings of unreality, feelings of detachment, dizziness,
sedation, ataxia, motor incoordination, etc. [16–18].
Therefore, there has been a strenuous effort to develop
new NMDA antagonists with pharmacological proper-
ties allowing pain reduction with a reduced side-effect
profile. Noncompetitive NMDA antagonists with low
affinity to the ion channel appeared to evoke lower neu-
rotoxicity [19, 20]. CNS 5161 HCl is a novel agent that
interacts with the NMDA receptor/ion channel site to
produce a noncompetitive blockade of the actions of
glutamate [8]. In a previous study in healthy volunteers
it was well tolerated at a dose range between 30 and
2000 mg, with a dose-dependent rise in systolic and dias-
tolic blood pressure reaching a maximum between 60
and 120 min following drug application, but no psycho-
mimetic effects [9].

The most common AEs reported by the patients in
our study were mild headaches and visual disturbances.
While the frequency of headaches was not different
between CNS 5161 HCl and placebo treatment, visual
disturbances occurred more often after CNS 5161 HCl
compared with placebo. No other psychomimetic
effects of CNS 5161 HCl were observed at any dosage
in any patient. As previously shown with other non-
competitive NMDA antagonists [6, 16], CNS 5161, at
dosages up to 500 mg, revealed less psychomimetic
effects compared with ketamin and similar NMDA
antagonists.

NMDA receptors in the central nervous system are
involved in blood pressure and heart rate regulation, and
treatment with NMDA antagonists is well known to
increase systolic and diastolic blood pressure in animals
and humans [9, 21–23]. In agreement with these studies,
the most common side-effect of CNS 5161 in our study
was an elevation of systolic blood pressure. It occurred
in 50% of the patients receiving 500 mg CNS 5161 HCl
and resulted in the termination of the study after two

Table 3
Visual analog scale for the 125–500-mg cohorts at baseline and during the observational period (mean � SD)

Baseline 2 h 6 h 12 h 24 h
CNS5161 Placebo CNS5161 Placebo CNS5161 Placebo CNS5161 Placebo CNS5161 Placebo

125 mg 64 � 16 64 � 17 50 � 25 51 � 22 50 � 28 47 � 27 51 � 30 46 � 29 53 � 26 52 � 30
250 mg 62 � 13 55 � 10 48 � 20 43 � 21 50 � 18 41 � 22 50 � 19 44 � 21 50 � 20 50 � 15
500 mg 65 � 20 65 � 18 54 � 23 58 � 20 53 � 25 59 � 23 55 � 27 63 � 23 56 � 31 57 � 24

2 hours 6 hours 12 hours 24 hours
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Change in pain visual analogue scale (VAS) from baseline (mm; mean
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patients entered the 750-mg cohort. Therefore, the
maximum tolerated dose of CNS 5161 seems to be
<750 mg, due to increasing haemodynamic effects.

This study was not sufficiently powered to investigate
the analgesic efficacy of CNS 5161. Nevertheless, the
observed efficacy results further indicate an analgesic
effect of CNS 5161 HCl at a dosage of 500 mg. Analysis
of the diagnostic subgroups of neuropathic pain within
the cohorts showed no clear effect of CNS 5161 HCl at
125 mg and 250 mg on the VAS. Following the adminis-
tration of 500 mg, CNS 5161 HCl seemed to exert dif-
ferential efficacy in pain of different aetiologies. CNS
5161 HCl seemed most effective in patients suffering
from diabetic neuropathy, who showed reductions in
VAS of 16.7 � 20.5, 21.5 � 25.9 and 20.3 � 24.8 mm
compared with 11.7 � 20.42, 13.8 � 17.1 and 6.2 �
2.7 mm during placebo treatment at 2, 6 and 12 h, re-
spectively. This finding should be interpreted with care
due to the small sample size and it remained unresolved
whether the apparent analgesic effect might be related to
the higher dose level or the increased prevalence of
diabetic patients in that dose cohort. The results of the
present study support further work with CNS 5161 HCl
in homogeneous neuropathic pain populations with suf-
ficient patient numbers to validate a clinically relevant
analgesic effect of the drug.

In conclusion, in patients with neuropathic pain of
various aetiologies, CNS 5161 HCl was reasonably well
tolerated at single infusions of up to 500 mg, and some
indications of analgesic efficacy could be observed. The
most common adverse events were hypertension, head-
ache and mild visual disorders. CNS 5161’s psychotro-
pic profile appears promising, which might lead to
improved tolerability in the treatment of neuropathic
pain syndromes compared with other NMDA receptor
antagonists. Further studies will attempt to clarify the
clinical efficacy of CNS 5161 HCl in distinct patient
groups, especially in diabetic neuropathy.

This study was financially supported by CeNeS Ltd,
Cambridge, UK. T.F. and A.P. have received research
funds from CeNeS Ltd. P.M. is an independent pharma-
ceutical medicine consultant retained by CeNeS Ltd, the
study sponsor. T.S. is an employee of CeNeS Ltd.
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