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D-Cycloserine, an NMDA Glutamate Receptor
Glycine Site Partial Agonist, Induces Acute
Increases in Brain Glutamate Plus Glutamine
and GABA Comparable to Ketamine

TO THE EDITOR: Ketamine, an N-methyl-D-aspartate gluta-
mate receptor (NMDAR) antagonist, is effective acutely for
majordepression (1), butdevelopmentof alternativeNMDAR
antagonists is limited by incomplete understanding of mecha-
nism and optimal dosage. Based on preclinical and clinical
studies (1, 2), we hypothesize that NMDAR antagonism will
produce an acute increase in GABA and glutamate plus
glutamine (Glx) as an early event in antidepressant action.
Using proton magnetic resonance spectroscopy (1H MRS),
we found acute ketamine treatment in depressed patients
produced rapid, transient elevations (approximately 40%) of
both Glx and GABA levels in themedial prefrontal cortex (1),
suggesting that this is an initial step in the antidepressant
action cascade for NMDAR antagonists. We used the same
methods (1) to assess the effects of high-dose D-cycloserine
(1000 mg), an NMDAR glycine site partial agonist, on brain
GABA andGlx in healthy subjects. Comparedwith ketamine,
D-cycloserine has a slower (onset within 2–4 weeks) but
comparable antidepressant effect (3). D-cycloserine has a
dose-dependent biphasic effect on theNMDAR, potentiating
function at low dosages (,100 mg), but functioning as a net
antagonist at dosages .500 mg (4).

After baseline 1H MRS scans, six healthy subjects
(age533 years, SD54 years; fourmales and two females)were
administered 1000mg of oral D-cycloserine, followed by serial
1HMRS scans for up to 90minutes tomeasure Glx and GABA

levels. Areas under the curve computed using the trapezoidal
rule yielded large effect sizes for both Glx (69%, SD548%,
d51.44) and GABA (39%, SD531%, d51.26) without inducing
overt psychosis (Figure 1, next page). There was an overall
main effect onGlx (F5,22.852.9, p50.034), with an initial peak
at approximately 35 minutes postdose (increase of 23%,
SD55%) and a second peak 75–90 minutes postdose (in-
crease of 20%, SD57%). For GABA, there was a comparable,
trend-level main effect (F5,23.352.5, p50.058; increase of 16%,
SD55%).

D-cycloserine increased both neurotransmitter levels com-
parably to ketamine, and this may be the initial step in the
antidepressant cascade of NMDAR antagonism. Future
studies should examine the relationship of these neuro-
transmitters to the degree of the antidepressant effect of
D-cycloserine. Targeting theNMDARandAMPAreceptors
may have specific advantages in treatment-resistant de-
pression. The more rapid clinical improvement seen with
ketamine may be due to other pharmacological effects that
distinguish it from D-cycloserine, and these need to be
identified to facilitate development of more rapidly acting
antidepressants.
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Pregabalin in Tourette’s Syndrome:
A Case Series

TO THE EDITOR: Tourette’s syndrome is a neuropsychiatric
disorder that is frequently associated with comorbidities and
unsatisfactory treatment response rates. Furthermore, the
drugs commonly used in treatment are often associated with
severe side effects, leading to discontinuation of medication.
Therefore, novel pharmacological treatments are needed (1).

In the European Union, pregabalin has been approved
for neuropathic pain, epilepsy, and generalized anxiety dis-
order. There is one case report of self-injurious behavior
associated with Tourette’s syndrome, obsessive-compulsive

disorder (OCD), and fibromyalgia in which pregabalin was
successfully used for tic reduction. In this case, it remained
unclear whether tic improvement was due to improvement
of Tourette’s syndrome or of OCD (2). Here, we present
the cases of two patients (ages 18 and 41 years; Caucasian)
with severe Tourette’s syndrome and comorbid generalized
anxiety disorder who required inpatient treatment:

Upon admission, the 41-year-old patient scored 90 (Total Tic
Score [TTS]540; score range50–50) on the Yale Global Tic
Severity Scale (YGTSS; score range50–100) and 6 on the
ClinicalGlobal ImpressionsScale (CGI; score range51–7).He
was medication free for more than 2 years but smoked up
to seven cannabis cigarettes a day. The patient, over the

FIGURE 1. Sample In Vivo Human Brain GABA and Glutamate Plus Glutamine (Glx) Spectra, and Percentage Change of Concentrations
Measured by Proton Magnetic Resonance Spectroscopy (1H MRS)a
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a PanelA illustratesmedial prefrontal cortexGABAandGlxdetectionwith theJ-editing 1HMRS technique. Traces in (a) and (b) represent single-voxel subspectra
of the J-editingmethod acquired in 15minutes, respectively, with the editing pulses off and on, and 580 total interleaved averages. The spectrum in (c) is the
difference between spectra in (a) and (b) and shows the edited brain GABA and Glx resonances. Model fitting of the experimental spectrum in (c) was used
to obtain the peakGABA andGlx areas as shown in the spectrum in (d). The spectrum in (e) shows the residual of the difference between spectra in (c) and (d).
Panel B shows the percentage change of 1H MRS-measured GABA-water and Glx-water concentrations in healthy controls in the medial prefrontal cortex
followingD-cycloserine. Framedurationwas 13minutes and20 seconds. Significant group increases, denotedby ** for p,0.01 andby * for p,0.05, relative to
predrugbaseline levels forGlxwereobserved.Noclinically significantsideeffects, change invital signs,orbehavioral symptomsasmeasuredby thePositiveand
Negative Syndrome Scale were observed. Error bars denote standard deviation from the mean. The overall significance on the mixed model was p=0.03.
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