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produce significant/reproducible cns-effects or to affect the scopolamine 
challenge in healthy volunteers. The effects of higher doses in healthy 
volunteers and the clinical efficacy in patients remain to be established. 

Introduction 	
As extensively reviewed in previous reports, hypofunction of n-methyl- 
d-aspartate (nmda) neurotransmission is hypothesised to play an 
important role in the pathophysiology of schizophrenia (Javitt, 2006; 
Stone, et al, 2007). r231857 (Figure 1 - structural formula) selectively 
inhibits the glycine transporter 1 (GlyT1). Tsai and Lane et al have shown 
that the glycine reuptake inhibitor sarcosine causes some improvements 
of positive and negative symptoms and cognitive function in 
schizophrenia (Lane, et al, 2005; Tsai, et al, 2004). Hence, the hypothesis is 
that r231857 may also have beneficial effects on these symptoms. 

Preclinical studies have supported a potential therapeutic potential 
of this compound (Johnson and Johnson, data on file). r231857 is more 
potent than sarcosine, evidenced by a lower ic50 (the half maximal 
inhibitory concentration). It increased extracellular glycine levels in 
the prefrontal cortex in rats and glycine levels in the cerebrospinal fluid 
in dogs. It was also effective in some animal models of schizophrenia. 
Importantly, r231857 normalised the disturbed prepulse inhibition 
paradigm in dopamine transporter knockout mice. It also decreased 
amphetamine-induced hyperactivity in rats with neonatal lesions of 
the hippocampus and reduced the potentiation of amphetamine-
induced dopamine release in the prefrontal cortex of rats receiving 
phencyclidine. r231857 was well tolerated by healthy men in single and 
multiple doses up to 640 mg but central nervous system (cns) effects 
of electroencephalogram (eeg), Cognitive Drug Research (evaluating 
memory function and attention) and Addiction Research Center  
Inventory 49-Item Questionnaire (arci49) were not observed in  
these studies (Johnson and Johnson, data on file). 

To obtain an indication of cns penetration and pharmacological 
activity, a battery of quantitative cns-tests was used that is sensitive  

Abstract 
The effects of the selective inhibitor of the glycine transporter 1, might 
be an indication that r231857 penetrated the cns, they were not 
r231857, in development for schizophrenia, on the central nervous 
system consistent or dose-related. r231857 had some small effects on 
(cns) were investigated in healthy males in the absence and presence 
of scopolamine-induced cns-impairment, which were also not clearly 
scopolamine. This was a double-blind, placebo-controlled, four-
period dependent on dose. Scopolamine proved to be an accurate, 
reproducible crossover ascending dose study. Pharmacokinetics, 
body sway, saccadic and safe model to induce cns impairment by an 
anticholinergic and smooth pursuit eye movements, pupillometry, 
pharmaco-mechanism. r231857 lacked consistent dose-related effects 
in this study, electroencephalogram (eeg), Visual Analogue Scales 
(vas) for alertness, probably because cns concentrations were too 
low to produce significant/ mood, calmness and psychedelic effects, 
adaptive tracking, finger tapping, reproducible cns-effects or to affect 
the scopolamine challenge in healthy Stroop test, Visual and Verbal 
Learning Task (vvlt) and hormone levels volunteers. The effects of 
higher doses in healthy volunteers and the were assessed. r231857 was 
administered alone and together with clinical efficacy in patients remain 
to be established. scopolamine to investigate the potential reversal 
of anticholinergic cns impairment by the glycine reuptake inhibitor. 
Forty-two of the 45 included subjects completed the study. Scopolamine 
significantly affected almost every cns parameter measured in this study. 
r231857 alone showed some pharmacodynamic changes compared with 
placebo. Although these effects might be an indication that r231857 
penetrated the cns, they were not consistent or dose-related. r231857 
had some small effects on scopolamine-induced cns-impairment, which 
were also not clearly dependent on dose. Scopolamine proved to be an 
accurate, reproducible and safe model to induce cns impairment by an 
anticholinergic mechanism. r231857 lacked consistent dose-related 
effects in this study,probably because cns concentrations were too low to 
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the use of agents known to affect cns performance (including nicotine, 
drugs or alcohol), history or presence of psychiatric disease and evidence 
of relevant clinical abnormalities (checked by a physical examination and 
haematology, biochemistry and virology). The use of medication was not 
allowed during the study period. The Ethics Review Board of the Leiden 
University Medical Center approved the study protocol. 

Study design 

This study was a double-blind, placebo-controlled, four-period crossover 
ascending dose study. The periods were separated by a washout period of  
at least 1 week. 

Drugs and study design 

Scopolamine 0.5 mg or placebo was given intravenously over a period of 
15 min starting at T = 0 and 80, 160 or 320 mg of r231857 or placebo was 
orally administered at T = 0.5 h. This study was a double-blind, placebo-
controlled, four-period crossover ascending dose study. The four treat-
ments given, separated by at least 1 week, were scopolamine + placebo, 
scopolamine + r231857, placebo + placebo and placebo + r231857. After 
these four periods, the dose of r231857 was escalated and given to another 
group of 15 subjects in a four-period crossover fashion. Three dose groups 
of r231857 were treated, resulting in 45 subjects in total. The three doses 
of r231857 used in this study (80, 160 and 320 mg) were expected to cause 
plasma concentrations, corresponding to levels that block the GlyT1 site 
for more than 50% in preclinical experiments, which was considered suf-
ficient to cause a significant functionally relevant effect. Exploration of 
higher levels of exposure and inhibition was thwarted by pharmaceutical 
formulation issues that occurred with the production of higher doses. 

The selection of the scopolamine dose was based on an earlier study of 
Ebert, et al showing that an intravenous dose of 0.5 mg scopolamine demon-
strated clear concentration-dependent effects using electroencephalogra-
phy, while still having an acceptable side-effect profile (Ebert, et al, 2001).

to a wide range of cns-active drugs including neuroleptics (de Visser, 
et al, 2001, 2003; Gijsman, et al, 2002; Kemme, et al, 2003; van der Post, 
et al, 2004). It is difficult to demonstrate cognitive improvements in 
healthy volunteers, which would be an important therapeutic objective 
in schizophrenic patients. To induce transient and reversible thought 
and memory disturbances, which in some ways mimic those observed in 
patients with negative symptoms and cognitive dysfunction, a scopola
mine challenge test was used (Ebert, et al, 1998; Green, et al, 2005; Koller, 
et al, 2003; Riedel, et al, 1995). Various preclinical experiments have 
demonstrated a reversal of scopolamine-induced impairments using 
agonists for the glycine site on the nmda receptor (Andersen, et al, 2002; 
Kishi, et al, 1998; Zajaczkowski and Danysz, 1997). Similar findings were 
obtained in one study in healthy volunteers with the partial glycine site 
agonist, D-cycloserine (Jones, et al, 1991). The neuropharmacological 
mechanism behind the cholinergic-glutamatergic interaction has not 
been elucidated. It has been proposed that glycine increases acetyl
choline release in the striatum and hippocampus (Nishimura and 
Boegman, 1990; Ransom and Deschenes, 1989; Scatton and Lehmann, 
1982). Another is the presence of nmda receptor sites on cell bodies of 
cholinergic neurons and a subsequent increased acetylcholine release  
by glycine (agonists) due to depolarisation of the receptor (Fishkin,  
et al, 1993; Matsuoka and Aigner, 1996). 

In the current study, the objectives were to study the cns profile of 
r231857 alone and its effects on scopolamine-induced (cognitive and 
psychomotor) impairments in healthy male subjects. 

Methods 
Subjects 

A total of 45 male subjects aged 18-55 with body mass index (bmi) of 
18-28.5 kg/m2 were recruited by the Centre of Human Drug Research. 
After signing an informed consent, subjects were medically screened 
within 3 weeks before study participation. Exclusion criteria included 
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psychometric tests within 14 days before start of the study to minimise 
learning effects during the study. The pharmacodynamic measurements 
are described extensively elsewhere (Liem-Moolenaar, 2009). 

Pharmacokinetics 
r231857 

Blood samples (5 mL) for plasma concentrations of r231857 were  
drawn predose and at 1.0, 1.5, 2.0, 2.5, 3.5, 4.5, 8.5, 10 and 24 h post- 
dose. Samples were protected from light at all times to prevent 
degradation of the compound. Plasma samples were analysed to 
determine r231857 concentrations using a validated, selective and 
sensitive liquid chromatography-tandem mass spectrometry (lc-ms/ms) 
(Lower Limit Of Quantification (lloq) = 1 ng/mL). r231857 was per- 
formed by the Department of Bioanalysis, J&J prd, Belgium. 

scopolamine 

Blood samples (4 mL) for plasma concentrations of scopolamine were 
drawn at 0.5, 0.75, 1.0, 2.5 and 6.5 h after the scopolamine infusion  
was stopped. Samples were protected from light at all times. Plasma  
samples were analysed to determine scopolamine concentrations using  
a validated, selective and sensitive liquid lc-ms/ms method (lloq =  
10 pg/mL). Scopolamine bioanalysis was performed by Pharma Bio-
Research Group B.v., Zuidlaren, the Netherlands. 

Statistical analysis 
pharmacodynamics (pd) 

pd parameters were analysed by mixed model analyses of variance (using 
sas proc mixed) with treatment, period, time and treatment by time as 
fixed effects, with subject, subject by time and subject by treatment as 
random effects and with the baseline value as covariate, where baseline 
is defined as the average of the available values obtained before dosing. 
This resulted in least square means (lsm) estimates that indicate the 

Safety 

Adverse events, electrocardiogram (ecg), body temperature, blood 
pressure and heart rate measurements were performed throughout the 
study. ecgs were assessed using Cardioperfect ecg recorder (Welch 
Allyn, New York, us). Blood pressure and heart rate were measured using 
an automated device (Nihon Kohden, Life Scope ec, Tokyo, Japan). 
Haematology, biochemistry and urinalysis were performed. 

Pharmacodynamics 

Eleven blocks of pharmacodynamic measurements were performed: 
predose (twice before scopolamine administration) and 0.75, 1.0, 1.5, 
2.0, 2.5, 3.5, 4.5, 6.5 and 8.5 h post-dose. Average baseline values for 
each variable were obtained by calculation of the mean of two baseline 
assessments. Pharmacodynamic tests were performed in a quiet room 
with ambient illumination with only one subject in the same room per 
session. Tests were performed in the following order: body sway, saccadic 
eye movements, smooth pursuit measurement, pupillometry, pharmaco-
eeg, Visual Analogue Scales (vas) Bond and Lader, Bowdle, adaptive 
tracking, finger tapping, Stroop test and Visual and Verbal Learning 
Task (vvlt). Blood for hormones (follicle-stimulating hormone [fsh], 
luteinizing hormone [lh] and prolactin) was taken regularly from 4 min 
until 24 h after scopolamine administration. lh and fsh were measured 
as animal studies of both r231857 and the related compound r213129 
showed an increase in serum prolactin levels and decrease in lh. The 
prolactin rise was confirmed after single and multiple administration 
of r231857 in healthy volunteers (Johsnon and Johnson, data on file). 
Because of the presumed role of excitatory amino acids in the regulation 
of the release of such hormones, these hormones are potentially 
interesting endocrine markers for pharmacodynamic activity of GlyT1 
inhibitors (Brann and Mahesh, 1995; Mahesh and Brann, 2005). 
Subjects had a standardised breakfast 1 h before scopolamine adminis-
tration. All subjects were thoroughly trained and familiarised with the 
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The incidence of these events seemed slightly higher following dosing 
with r231857 than with placebo. For headache, this was 6 of 43 after all 
three doses of r231857 compared with 4 of 44 for placebo, for somnolence 
5 of 43 compared with 2 of 44 and for nausea 2 of 43 compared with 0 of 
44. However, these numbers are too small to draw any conclusions. 

Pharmacokinetic results 

The mean concentration-versus-time profile of r231857 is presented 
in Figure 2. After administration, r231857 was rapidly absorbed with 
a time of maximum concentration 1 h or less after dose administration 
and a maximum concentration of 370, 1200 and 2050 ng/mL for the three 
different doses. The terminal elimination half-life was short, that is, less 
than 3 h (range: 1.6-2.8 h) and clearance ranged between 125 and 160 
L/h. Pharmacokinetics were dose-linear for the tested doses, with the 
exception of slightly more than dose proportional pharmacokinetics 
between 80 and 160 mg. When combined with scopolamine, the 
pharmacokinetic profile of r231857 was slightly altered for some 
parameters (see Figure 2). For all doses, but mainly at the highest dose, 
the maximum concentration was reduced. Consequently, exposure was 
also reduced when 320 mg r231857 was combined with scopolamine 
(from approximately 2700 to 1900 ng.h/mL). 

The average scopolamine concentration 0.5 h after the end of dosing 
(with and without r231857) was 1335 pg/mL and the terminal elimination 
half-life was 1.5 h. Clearance was 186 L/h. Scopolamine was not affected 
by the addition of r231857.  

Pharmacodynamic results 
scopolamine 

Scopolamine resulted in a considerable number of cns-effects and 
affected almost every parameter measured in this study (Table 1). 
Scopolamine deteriorated adaptive tracking, body sway and finger 
tapping rate performance compared with placebo. Both saccadic peak 

change from baseline, where baseline in the graph is set at 0 for t = 0 min. 
Treatment effects were reported as the contrasts between placebo and 
scopolamine, where the average of the measurements up to and including 
8.5 h (22 h for neuroendocrine parameters) were calculated within the 
statistical model. Contrasts were reported along with 95% confidence 
intervals and analyses were two sided with a significance level of 0.05. 

pharmacokinetics (pk) 

Summary statistics of the plasma concentration data and estimated 
pharmacokinetic parameters for r231857 and scopolamine were 
calculated. The following pharmacokinetic parameters for r231857 
and scopolamine were determined using Pharsight’s WinNonlin 
pharmacokinetic analysis software (version 4.0.1): cmax, C0.5h 
(scopolamine), tmax, auclast, auc∞, t1/2term, cl/f (clearance/
bioavailability) (r231857) and cl (scopolamine). 

Results 
Participant characteristics 

Forty-two of the 45 included healthy male subjects completed the study. 
There was no difference in demographics (age and bmi) between the three 
different dose groups of r231857.  

Three subjects decided to stop participation in the study for personal 
reasons. Subjects were on average 27.5 years old (range: 18-55). 

Clinical effects 

Scopolamine induced the well-known anticholinergic effects 
(characterised by increased pupil size, dry mouth, drowsiness and 
impaired eye focusing) in 43 of the 44 subjects. Other reported effects 
were dizziness in 4 and headache in 3 of the 44 subjects. 

The most frequently reported adverse events for r231857 were 
headache (12 of 45), somnolence (10 of 45) and nausea (5 of 45).  
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Scopolamine-induced increases in the vas colour perception scale were 
further increased after 320 mg r231857 by 1.2 mm (95% ci 0.4, 2.0) and 
scopolamine-induced hormone increases were reversed after 160 mg 
r231857 by 6.3% for fsh (95% ci -9.6, -2.8%) and by 17.3% for lh (95% ci 
-25.9, -7.7%). 

Discussion 
Scopolamine showed similar effects to our previous study in another 
cohort of healthy subjects (Liem-Moolenaar, 2009), which demonstrates 
the accuracy and reproducibility of this model for cognitive and 
psychomotor impairment. Scopolamine impaired almost every tested 
cns-parameter. The concentration effect relationships of the scopolamine 
challenge will be discussed in more detail elsewhere (data on file). 

In this study, the glycine reuptake inhibitor r231857 alone showed 
some marginal and inconsistent effects compared with placebo. The 80 
mg dose caused a small deterioration of adaptive tracking performance 
and the 160 mg dose decreased the number of correct responses of the 
immediate word recall test and the subjective alertness. Although these 
effects might be an indication for limited cns depression, these were not 
consistent or dose-related. The study does not allow an interpretation 
whether this lack of consistent effects is due to insufficient brain 
penetration, low pharmacological activity, the absence of physiological 
changes during glycine reuptake inhibition in healthy humans or a 
methodological reason (i.e., we were not able to detect small cns-effects 
with our tests). 

The combination of r231857 with scopolamine caused a reduction 
of cmax and exposure of the GlyT1-reuptake inhibitor. This could be 
due to the anticholinergic action of scopolamine, which can lead to 
delayed gastric emptying and resorption of the highest dose of r231857. 
Scopolamine also changed the subtle pharmacodynamic effects of 
r231857, although these changes were small and inconsistent and could 
not be clearly attributed to either the doses of the GlyT1reuptake inhibitor 
or the small scopolamine-related reductions of plasma concentrations. 

velocity and smooth pursuit performance decreased after scopolamine 
compared with placebo administration. 

Powers of alpha (Fz-Cz and Pz-Oz) and beta Pz-Oz were statistically 
significantly lower after scopolamine than after placebo. Delta power 
(Fz-Cz and Pz-Oz) was statistically significantly higher after scopolamine 
than after placebo. Beta Fz-Cz and theta power (Fz-Cz and Pz-Oz) after 
scopolamine was not statistically significantly different from placebo. 

Scopolamine deteriorated all parameters of the vvlt (Table 1): delayed 
word recall (number correct), immediate word recall (number correct) 
and delayed word recognition (number correct). Similarly, the following 
parameters of the Stroop test were deteriorated compared with placebo: 
number correct in both basic and conflict situation and reaction time in 
conflict situation. The delayed word recognition (reaction time) and the 
Stroop parameter reaction time in basic situation after placebo were not 
statistically significantly different than after scopolamine. 

The vas alertness and vas mood were significantly lower after 
scopolamine than after placebo and the vas calmness was not changed 
by scopolamine. The vas internal perception, external perception, the 
vas feeling high and the vas colour perception were all higher after 
scopolamine than after placebo. 

All hormone levels increased after scopolamine compared with 
placebo. 

r231857 

r231857 80 mg marginally decreased adaptive tracking performance  
by 1.41% (95% ci -2.78, -0.05). The 160 mg dose marginally decreased the 
number correct of the immediate word recall test by 2.0 (95% ci -4.0, -0.1) 
and the vas alertness scale by 3.4 mm (95% ci -6.2, -0.6). 

r231857 and scopolamine 

eeg beta power (Fz-Cz), which was not changed by scopolamine alone, 
was decreased after 160 mg r231857 by 6.7% (95% ci -12.7, -0.4%). 
The vas calmness scale, which was also not changed after scopolamine 
alone, was increased after 320 mg r231857 by 2.5 mm (95% ci 0.2, 4.8). 



183	 6-effects of glyt1 reuptake inhibitor on cns & scopolamine-induced impairments in healthy men182	 human pharmacology of current and new treatments for schizophrenia

There were changes in eeg power and subjective calmness, subjective 
colour perception and hormones, which does not seem to point to 
alterations of any specific brain network or physiological system. Glycine 
reuptake inhibition would be expected to cause some glutamatergic 
effects in the cns, but also in this respect, we could not identify any trends 
in the results (such as cns stimulation). In healthy subjects, the literature 
has only reported one study on the effects of the glycine reuptake inhibitor 
D-cycloserine on scopolamine-induced memory impairment (Jones, et al, 
1991). The only other studies investigating D-cycloserine alone in healthy 
volunteers on cognitive function report contradictive results (Bailey, et al, 
2007; D’Souza, et al, 2000; Trevisan, et al, 2008). Therefore, it is difficult to 
make useful comparisons to previously published reports. 

The lack of clear and consistent r231857 effects on scopolamine-
induced cns-impairment could have several causes. These include 
non-optimal dosing of the glycine reuptake inhibitor, the unsuitability 
of the scopolamine model or a dose that was too high to detect effects 
of glycine reuptake inhibitors and the composition of the cns battery 
(which may have consisted of tests that were too insensitive to pick up 
effects). Because previous studies have shown some reversal of scopol-
amine effects with D-cycloserine, the most plausible explanation is that 
the doses of r231857 were too low. If so, the small and non-dose-related 
effects that were observed in this study could have been an indication of 
very early cns-effects, which and may have been too small and/or too vari-
able to consistently surpass the detection limit. In this case, higher doses 
will cause both larger and more consistent effects. A limited blood-brain-
barrier penetration of r231857 may also have increased the variability of 
its cns-effects in the low 80- 320 mg dose range. The doses used in this 
study were based on the in-vitro ic50 for the GlyT1-transporter. Based 
on pre-clinical experiments, this level was considered to be sufficient to 
cause pharmacologically relevant and functionally detectable effects in 
healthy volunteers, but it was actually based on practical limitations with 
the formulation of higher doses. In hindsight, and particularly if cns-
exposure was low, this exposure level may have been too small. 

In summary, the scopolamine challenge test proved to be accurate, 

reproducible and a safe model for cns-impairment. Most of the 
scopolamine-induced changes were in agreement with the findings of 
previous studies. Both alone and in combination with scopolamine, 
r231857 only showed marginal, inconsistent effects, which could not 
be readily attributed to any consistent functional or pharmacological 
modification. This absence of consistent effects seems most logically 
explained by r231857 concentrations in the cns that were too low to cause 
any reliable changes in healthy volunteers. To show pharmacological 
activity of this compound in healthy volunteers, studies with higher doses 
would be required. In addition, clinical trials are needed to investigate 
which level of glycine reuptake inhibition is needed to show efficacy in 
patients. 
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Figure 1  Structural formula of r231857

Figure 2  Mean (+sd) plasma concentration profile of 80 mg
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Three subjects decided to stop participation in the study for
personal reasons. Subjects were on average 27.5 years old
(range: 18–55).

Clinical effects

Scopolamine induced the well-known anticholinergic effects
(characterised by increased pupil size, dry mouth, drowsiness
and impaired eye focusing) in 43 of the 44 subjects. Other
reported effects were dizziness in 4 and headache in 3 of the
44 subjects.

The most frequently reported adverse events for R231857
were headache (12 of 45), somnolence (10 of 45) and nausea
(5 of 45). The incidence of these events seemed slightly higher
following dosing with R231857 than with placebo. For head-
ache, this was 6 of 43 after all three doses of R231857 compared
with 4 of 44 for placebo, for somnolence 5 of 43 compared with
2 of 44 and for nausea 2 of 43 compared with 0 of 44. However,
these numbers are too small to draw any conclusions.

Pharmacokinetic results

The mean concentration-versus-time profile of R231857 is pre-
sented in Figure 2. After administration, R231857 was rapidly
absorbed with a time of maximum concentration 1 h or less
after dose administration and a maximum concentration of
370, 1200 and 2050 ng/mL for the three different doses. The ter-
minal elimination half-life was short, that is, less than 3 h (range:
1.6–2.8 h) and clearance ranged between 125 and 160 L/h. Phar-
macokinetics were dose-linear for the tested doses, with the
exception of slightly more than dose proportional pharmacoki-
netics between 80 and 160 mg. When combined with scopol-
amine, the pharmacokinetic profile of R231857 was slightly
altered for some parameters (see Figure 2). For all doses, but
mainly at the highest dose, the maximum concentration was
reduced. Consequently, exposure was also reduced when

320 mg R231857 was combined with scopolamine (from approx-
imately 2700 to 1900 ng.h/mL).

The average scopolamine concentration 0.5 h after the end
of dosing (with and without R231857) was 1335 pg/mL and the
terminal elimination half-life was 1.5 h. Clearance was 186 L/h.
Scopolamine was not affected by the addition of R231857.

Pharmacodynamic results

Scopolamine Scopolamine resulted in a considerable number
of CNS-effects and affected almost every parameter measured
in this study (Table 1). Scopolamine deteriorated adaptive
tracking, body sway and finger tapping rate performance com-
pared with placebo. Both saccadic peak velocity and smooth
pursuit performance decreased after scopolamine compared
with placebo administration.

Powers of alpha (Fz-Cz and Pz-Oz) and beta Pz-Oz were
statistically significantly lower after scopolamine than after
placebo. Delta power (Fz-Cz and Pz-Oz) was statistically
significantly higher after scopolamine than after placebo. Beta
Fz-Cz and theta power (Fz-Cz and Pz-Oz) after scopolamine
was not statistically significantly different from placebo.

Scopolamine deteriorated all parameters of the VVLT
(Table 1): delayed word recall (number correct), immediate
word recall (number correct) and delayed word recognition
(number correct). Similarly, the following parameters of the
Stroop test were deteriorated compared with placebo: number
correct in both basic and conflict situation and reaction time in
conflict situation. The delayed word recognition (reaction time)
and the Stroop parameter reaction time in basic situation after
placebo were not statistically significantly different than after
scopolamine.

The VAS alertness and VAS mood were significantly lower
after scopolamine than after placebo and the VAS calmness
was not changed by scopolamine. The VAS internal percep-
tion, external perception, the VAS feeling high and the VAS
colour perception were all higher after scopolamine than after
placebo.

All hormone levels increased after scopolamine compared
with placebo.

R231857 R231857 80 mg marginally decreased adaptive
tracking performance by 1.41% (95% CI −2.78, −0.05). The
160 mg dose marginally decreased the number correct of
the immediate word recall test by 2.0 (95% CI –4.0, −0.1) and
the VAS alertness scale by 3.4 mm (95% CI −6.2, −0.6).

R231857 and scopolamine EEG beta power (Fz-Cz), which
was not changed by scopolamine alone, was decreased after
160 mg R231857 by 6.7% (95% CI −12.7, −0.4%). The VAS
calmness scale, which was also not changed after scopolamine
alone, was increased after 320 mg R231857 by 2.5 mm (95% CI
0.2, 4.8). Scopolamine-induced increases in the VAS colour
perception scale were further increased after 320 mg R231857
by 1.2 mm (95% CI 0.4, 2.0) and scopolamine-induced

R231857, 80 mg R231857 p.o. 
+ 0.5 mg Scopoismine I.v.

M
ea

n 
R

23
18

57
, n

g/
m

L 
Pl

as
m

a

R231857, 80 mg R231857 p.o. 
+ Placebo I.v.

Nominal time post administred dose, h

1

10

100

1000

0 2 4 6 8 10

Figure 2 Mean (+SD) plasma concentration profile of 80 mg.

4 Effects of a novel glycine reuptake inhibitor R231857

Nominal time post administred dose, h

r231857, 80 mg r231857 p.o.  
+ 0,5 mg Scopoismine l.v. 

r231857, 80 mg r231857 p.o.  
+ placebo l.v.

r
23

18
57

 M
ea

n,
 n

g/
m

L 
Pl

as
m

a

Ta
bl

e 
1 

Ph
ar

m
ac

od
yn

am
ic

 e
ff

ec
ts

 o
f p

la
ce

bo
, s

co
po

la
m

in
e 

an
d 

th
e 

co
m

bi
na

ti
on

 o
f s

co
po

la
m

in
e 

an
d 

r
23

18
57

  
 Pa

ra
m

et
er

 (u
ni

t)
 b

ls
m

c  
pl

ac
ls

m
c  

sc
o

p
D

iff
er

en
ce

 a
95

%
 C

I
P 

va
lu

e
ls

m
c  

sc
o

p 
+ 

r
21

31
29

 d
, e

D
iff

er
en

ce
 a

95
%

 C
I

P 
va

lu
e

A
da

pt
iv

e 
tr

ac
ki

ng
 (%

)
21

.4
5

11
.4

1,
 4

1
10

.0
3

9.
10

, 1
0.

97
<0

.0
00

1

B
od

y s
w

ay
 (m

m
)

25
8

40
8

58
.1

%
44

.1
, 7

3.
9%

<0
.0

00
1

Fi
ng

er
 ta

pp
in

g 
ra

te
 (t

ap
s/

10
 se

c)
66

.2
62

.4
3.

8
2.

5,
 5

.2
<0

.0
00

1

Sa
cc

ad
ic

 P
ea

k 
Ve

lo
ci

ty
 (d

eg
/s

ec
)

45
8.

8
44

2.
7

16
.2

8.
3,

 2
4.

0
<0

.0
00

1

Sm
oo

th
 p

ur
su

it
 (%

)
50

.4
3

43
.2

7
7.

16
4.

48
, 9

.8
3

0.
00

01

ee
g

 b
et

a 
Fz

-C
z 

(µ
V)

2.
03

2.
10

3.
5%

-1
.0

, 8
.1

%
0.

12
5

1.
96

 (1
60

)
93

.3
%

87
.3

, 9
9.

6%
0.

03
79

D
el

ay
ed

 w
or

d 
re

ca
ll 

(#
 c

or
re

ct
)

12
.9

7.
6

5.
3

4.
0,

 6
.6

<0
.0

00
1

Im
m

ed
ia

te
 w

or
d 

re
ca

ll 
(#

 c
or

re
ct

)
13

.0
8.

5
4.

5
3.

5,
 5

.5
<0

.0
00

1

D
el

ay
ed

 w
or

d 
re

co
gn

it
io

n 
(#

 c
or

re
ct

)
24

.4
22

.6
1.

9
0.

4,
 3

.3
0.

01
5

D
el

ay
ed

 w
or

d 
re

co
gn

it
io

n 
(r

t,
 m

se
c)

90
3.

9
92

9.
3

-2
5.

5
-6

5.
1,

 1
4.

1
0.

20
5

St
ro

op
 (c

on
fli

ct
, #

 c
or

re
ct

)
19

.5
19

.1
0.

4
0.

2,
 0

.6
0.

00
1

St
ro

op
 (c

on
fli

ct
, r

t,
 m

se
c)

66
3

75
6

-9
2

-1
28

, -
57

<0
.0

00
1

va
s 

ca
lm

ne
ss

 (m
m

)
56

.8
56

.8
-0

.1
-1

.4
, 1

.3
0.

93
6

59
.3

 (3
20

)
2.

5
0.

2,
 4

.8
0.

03
05

va
s 

fe
el

in
g 

hi
gh

 (m
m

)
0.

19
10

.2
3

-1
0.

04
-1

3.
69

, -
6.

39
<0

.0
00

1

va
s 

co
lo

ur
 p

er
ce

pt
io

n 
(m

m
)

0.
20

0.
92

-0
.7

2
-1

.2
5,

 -0
.2

0
0.

00
72

2.
13

 (3
20

)
1.

21
0.

40
, 2

.0
3

0.
00

38

fs
h

 (U
/L

)
3.

68
3.

87
5.

2%
2.

6,
 7

.9
%

<0
.0

00
1

3.
62

 (1
60

)
93

.7
%

90
.4

, 9
7.

2%
0.

00
05

lh
 (U

/L
)

4.
32

5.
26

21
.8

%
13

.3
, 3

1.
1%

<0
.0

00
1

4.
35

 (1
60

)
82

.7
74

.1
, 9

2.
3%

0.
00

09

Pr
ol

ac
ti

n 
(µ

g/
L)

8.
41

9.
96

18
.3

%
12

.5
, 2

4.
7%

<0
.0

00
1

a.
 If

 0
 is

 in
cl

ud
ed

 in
 th

e 
95

%
 C

on
fid

en
ce

 In
te

rv
al

 (9
5%

 C
I)

 th
e 

di
ff

er
en

ce
 is

 n
ot

 c
on

ve
nt

io
na

lly
 d

iff
er

en
t a

t t
he

 5
%

 le
ve

l; 
b.

 r
t 

= 
R

ea
ct

io
n 

ti
m

e;
 c

. l
sm

 is
 th

e 
Le

as
t S

qu
ar

es
 M

ea
ns

  
es

ti
m

at
e;

 d
. T

he
 in

te
ra

ct
io

n 
ef

fe
ct

s a
re

 o
nl

y i
nd

ic
at

ed
 in

 c
as

e 
of

 a
 si

gn
ifi

ca
nt

 e
ff

ec
t;

 e
. D

os
e 

(m
g)

 o
f r

23
18

57
 in

du
ci

ng
 a

 c
ha

ng
e 

in
 sc

op
ol

am
in

e



187	 6-effects of glyt1 reuptake inhibitor on cns & scopolamine-induced impairments in healthy men186	 human pharmacology of current and new treatments for schizophrenia

release evoked by excitatory amino acids. 
Nature 297: 422-424. 

Stone, JM, Morrison, pd, Pilowsky, LS (2007) 
Glutamate and dopa-mine dysregulation in 
schizophrenia - a synthesis and selective review. 
J Psychopharmacol 21: 440-452. 

Trevisan, L, Petrakis, IL, Pittman, B, Gueorguieva, 
R, D’Souza, DC, Perry, E, et al (2008) Absence 
of significant interactive effects of high-dose 
D-cycloserine and ethanol in healthy human 
subjects: preliminary insights into ethanol 
actions at the glycine B site of nmda glutamate 
receptors. Alcohol Clin Exp Res 32:36-42. 

Tsai, G, Lane, HY, Yang, P, Chong, MY, Lange, 
N (2004) Glycine transporter I inhibitor, 
N-methylglycine (sarcosine), added to anti-
psychotics for the treatment of schizophrenia. 
Biol Psychiatry 55: 452-456. 

van der Post, JP, de Visser, SJ, Schoemaker, 
RC, Cohen, AF, van Gerven, JM (2004) 
Pharmacokinetic/pharmacodynamic 
assessment of tolerance to central nervous 
system effects of a 3 mg sustained release 
tablet of rilmenidine in hypertensive patients. J 
Psychopharmacol 18: 221-227. 

Zajaczkowski, W, Danysz, W (1997) Effects of 
D-cycloserine and aniracetam on spatial 
learning in rats with entorhinal cortex lesions. 
Pharmacol Biochem Behav 56:21-29. 

references 	

Andersen, JM, Lindberg, V, Myhrer, T (2002) Effects of 
scopolamine and D-cycloserine on non-spatial 
reference memory in rats. Behav 

Brain Res 129: 211-216. 
Bailey, JE, Papadopoulos, A, Lingford-Hughes, A, 

Nutt, DJ (2007) D-Cycloserine and performance 
under different states of anxiety in healthy 
volunteers. Psychopharmacology (Berl) 193: 
579-585. 

Brann, DW, Mahesh, VB (1995) Glutamate: a major 
neuroendocrine excitatory signal mediating 
steroid effects on gonadotropin secretion. J 
Steroid Biochem Mol Biol 53: 325-329. 

D’Souza, DC, Gil, R, Cassello, K, Morrissey, K, Abi-
Saab, D, White, J, et al (2000) IV glycine and oral 
D-cycloserine effects on plasma and CSF amino 
acids in healthy humans. Biol Psychiatry 47: 
450-462. 

de Visser, SJ, van der Post, JP, de Waal, PP, Cornet, F, 
Cohen, AF, van Gerven, JM (2003) Biomarkers 
for the effects of benzodiazepines in healthy 
volunteers. Br J Clin Pharmacol 55:39-50. 

de Visser, SJ, van Gerven, JM, Schoemaker, RC, 
Cohen, AF (2001) Concentration-effect 
relationships of two infusion rates of the 
imidazoline antihypertensive agent rilmenidine 
for blood pressure and development of side-
effects in healthy subjects. Br J Clin Pharmacol 
51: 423-428. 

Ebert, U, Grossmann, M, Oertel, R, Gramatte, 
T, Kirch, W (2001) Pharmacokinetic-
pharmacodynamic modeling of the 
electroencephalogram effects of scopolamine in 
healthy volunteers. J Clin Pharmacol 41:51-60. 

Ebert, U, Siepmann, M, Oertel, R, Wesnes, KA, 
Kirch, W (1998) Pharmacokinetics and 
pharmacodynamics of scopolamine after 
subcutaneous administration. J Clin Pharmacol 
38: 720-726. 

Fishkin, RJ, Ince, ES, Carlezon Jr, WA, Dunn, RW 
(1993) D-cycloserine attenuates scopolamine-
induced learning and memory deficits in rats. 
Behav Neural Biol 59: 150-157. 

Gijsman, HJ, van Gerven, JM, Verkes, RJ, Schoemaker, 
RC, Pieters, MS, Pennings, EJ, et al (2002) 
Saccadic peak velocity and eeg as end-points 
for a serotonergic challenge test. Hum 
Psychopharmacol 17:83-89. 

Green,A,Ellis, KA,Ellis, J,Bartholomeusz,CF,Ilic,S,
Croft,RJ, et al (2005) Muscarinic and nicotinic 
receptor modulation of object and spatial 

n-back working memory in humans. Pharmacol 
Biochem Behav 81:575-584. 

Javitt, DC (2006) Is the glycine site half saturated 
or half unsaturated? Effects of glutamatergic 
drugs in schizophrenia patients. Curr Opin 
Psychiatry 19: 151-157. 

Jones, RW, Wesnes, KA, Kirby, J (1991) Effects of nmda 
modulation in scopolamine dementia. Ann N Y 
Acad Sci 640: 241-244. 

Kemme, MJ, vd Post, JP, Schoemaker, RC, Straub, 
M, Cohen, AF, van Gerven, JM (2003) Central 
nervous system effects of moxonidine 
experimental sustained release formulation 
in patients with mild to moderate essential 
hypertension. Br J Clin Pharmacol 55: 518-525. 

Kishi, A, Ohno, M, Watanabe, S (1998) Concurrent 
activation of hippocampal glycine and poly-
amine sites of the N-methyl-D-aspartate recep-
tor synergistically reverses working memory 
deficits in rats. Neurosci Lett 257: 131-134. 

Koller, G, Satzger, W, Adam, M, Wagner, M, 
Kathmann, N, Soyka, M, et al (2003) Effects 
of scopolamine on matching to sample 
paradigm and related tests in human subjects. 
Neuropsychobiology 48:87-94. 

Lane, HY, Chang, YC, Liu, YC, Chiu, CC, Tsai, GE 
(2005) Sarcosine or D-serine add-on treatment 
for acute exacerbation of schizophrenia: a 
randomized, double-blind, placebo-controlled 
study. Arch Gen Psychiatry 62: 1196-1204. 

Mahesh, VB, Brann, DW (2005) Regulatory role 
of excitatory amino acids in reproduction. 
Endocrine 28: 271-280. 

Matsuoka, N, Aigner, TG (1996) D-cycloserine, a 
partial agonist at the glycine site coupled to 
N-methyl-D-aspartate receptors, improves 
visual recognition memory in rhesus monkeys. J 
Pharmacol Exp Ther 278: 891-897. 

Nishimura, LM, Boegman, RJ (1990) N-methyl-D-
aspartate-evoked release of acetylcholine from 
the medial septum/diagonal band of rat brain. 
Neurosci Lett 115: 259-264. 

Ransom, RW, Deschenes, NL (1989) Glycine 
modulation of nmda-evoked release of [3H]
acetylcholine and [3H]dopamine from rat 
striatal slices. Neurosci Lett 96: 323-328. 

Riedel, W, Hogervorst, E, Leboux, R, Verhey, F, van 
Praag, H, Jolles, J (1995) Caffeine attenuates 
scopolamine-induced memory impairment 
in humans. Psychopharmacology (Berl) 122: 
158-168. 

Scatton, B, Lehmann, J (1982) N-methyl-C-aspartate-
type receptors mediate striatal 3H-acetylcholine 


