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Case Report

Demonstration of Glycine Peaks at 3.50 ppm in a Patient
with van der Knaap Syndrome

R. Nuri Sener

Summary: Elevated levels of glycine in the CSF have re-
cently been documented in van der Knaap syndrome (dif-
fuse leukoencephalopathy associated with cystic degenera-
tion of the white matter). This report describes a patient
affected with the syndrome in whom proton MR spectros-
copy showed probable glycine peaks at 3.50 ppm in the
brain parenchyma. An experimental study with a super-
conducting 9.397-T laboratory spectrometer identified the
location of pure glycine at 3.52 ppm, originating from the
methylene (CH2) group of the molecule. This suggests that
the peak at 3.50 ppm in patients with van der Knaap syn-
drome may belong to glycine, as a slight shift in peak
resonances is possible as a result of spatial electron
interactions.

Van der Knaap syndrome is a new entity asso-
ciated with diffuse leukoencephalopathy and cystic
degeneration of the white matter of the brain. The
clinical course is mild and slowly progressive (1–
7). In a recent report, van der Knaap et al (8) doc-
umented the presence of glycine in the CSF in five
of their patients. In our patient with van der Knaap
syndrome, proton MR spectroscopy showed prom-
inent peaks of the brain parenchyma at 3.50 ppm,
distinct from the myo-inositol peak. This finding
corresponded to the results of an experimental
study on glycine.

Case Report
A 14-month-old boy with macrocephaly (over 98 percentile)

and moderate retardation of motor development was studied
with MR imaging and proton MR spectroscopy on a super-
conducting 1.5-T MR unit. Spectra were obtained with the
chemical-shift mode using the spin-echo point-resolved spec-
troscopy technique with parameters of 1500/40 (TR/TE). MR
imaging findings were consistent with a recently described
syndrome associated with diffuse leukoencephalopathy and
cystic degeneration of the white matter of the brain (van der
Knaap syndrome). At MR spectroscopy, a peak at 3.50 ppm
was evident, separate from the myo-inositol peak at 3.56 ppm.

Under the assumption that the peak at 3.50 ppm could rep-
resent glycine, an in vitro experimental study was undertaken.
A proton MR spectrum of pure glycine was recorded using a
Bruker DPX-400 spectrometer with a superconducting 9.397-
T magnet operating at 400 MHz. Tetramethylsilan was the ref-
erence medium, and deuterochloroform (CDCl3) was used as
the solvent for pure glycine. Glycine revealed a peak at 3.52
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ppm, originating from the methylene (CH2) group of its mol-
ecule (Fig 1). The experiment thus provided the exact location
of the pure glycine peak. This finding with respect to pure
glycine strongly suggests that the peak at 3.50 ppm could be-
long to glycine, as it is known that a slight shift of peak res-
onances is possible as a result of spatial electron interactions.

Characteristic white matter changes in the patient with van
der Knaap syndrome, including widespread cerebral signal ab-
normalities and cystic degeneration of the white matter, was
shown on a fluid-attenuated inversion-recovery (FLAIR) image
(Fig 2A). A distinct and prominent peak, resonating at 3.50
ppm, which probably belonged to glycine, was consistently
present in almost every volume of interest of the spectroscopic
imaging sequence in both cerebral hemispheres. In one of the
spectra, this peak was dominant, with an amplitude value of
4.90 mV, whereas that of N-acetyl aspartate (NAA) was 4.44
mV, that of creatine (Cr) was 3.83 mV, and that of choline
(Cho) was 4.49 mV (Fig 2B).

In addition to these values, the relationships among the
peaks of NAA, Cho, Cr, and myo-inositol were evaluated and
compared with findings in eight age-matched control cases.
NAA/Cho and NAA/Cr ratios were normal in some regions;
however, in some parts of the brain the NAA peaks were low
and the Cho peaks were high, resulting in decreased NAA/Cho
ratios and increased Cho/Cr ratios.

Discussion

The feature that distinguishes van der Knaap
syndrome from other leukoencephalopathies asso-
ciated with either large or normal-size heads ap-
pears to be the presence of temporal and frontal
white matter cysts in combination with diffuse
white matter abnormality on CT and MR studies
(1–7). The presence of cystic degeneration of the
white matter can be confirmed by FLAIR and dif-
fusion-weighted imaging (9). In our patient, the
FLAIR MR imaging findings were identical to
those described previously (Fig 2). It has been re-
ported that in laboratory investigations, no abnor-
malities of amino acids, organic acids, lysosomes,
peroxysomes, or mitochondria could be found (1–
7). Recently, however, van der Knaap et al (8) doc-
umented moderate elevation of glycine in the CSF
of five patients, reaching a level considered diag-
nostic for nonketotic hyperglycinemia. Several pre-
vious investigators reported the MR spectroscopy
findings of glycine in nonketotic hyperglycinemia
(10), brain tumors (11–13), and other conditions
(14). Because the glycine peak is very close to that
of myo-inositol, resonating at 3.56 ppm, discrimi-
nating between the two has been problematic; thus,
some authors have concluded from clinical studies
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FIG 1. Proton MR spectrum of pure gly-
cine, recorded using a laboratory spec-
trometer with a 9.397-T magnet, reveals
the peak at 3.52 ppm.

FIG 2. 14-month-old boy with van der
Knaap syndrome.

A, FLAIR image shows widespread sig-
nal abnormality and characteristic cystic
degeneration of the white matter in the
right temporal lobe.

B, Spectrum obtained at 1500/40 (TR/
TE) in a voxel from the left hemisphere re-
veals that the most prominent peak be-
longs to glycine, at 3.50 ppm (long arrow).
Note that to the left of the glycine peak is
that of myo-inositol, at 3.56 ppm (short
arrow).

that myo-inositol and glycine reveal a combined
(single) peak at about 3.56 ppm (10–13).

In the MR spectroscopy examination of our pa-
tient with van der Knaap syndrome, however, the
peak resonating at 3.50 ppm, which was clearly and
distinctly separate from the nearby myo-inositol
peak, most likely represented the glycine peak. In
the in vitro experiment with the Brucker DPX-400
spectrometer, the peak of pure glycine was at 3.52
ppm. Thus, this experiment established the exact in
vitro spectroscopic location of pure glycine. This
slight difference between the resonances can be ex-
plained by the known possibility of a shift of peak
resonances caused by spatial electron interactions
of nearby molecules, resulting from deshielding ef-
fects. This was probably the case with the in vivo
environment of our patient. These considerations,
and the experimental findings with respect to gly-
cine, strongly suggest that the peak at 3.50 ppm
belonged to glycine.

Van der Knaap et al (8) noted that glycine is an
excitatory amino acid, a neurotransmitter for the
brain, and in many different brain diseases (includ-
ing nonketotic hyperglycinemia, stroke, meningo-
encephalitis, Huntington chorea, migraine, Parkin-

son disease, Alzheimer disease, and others) glycine
increases in the CSF. These authors concluded that
elevated glycine levels in the CSF may reflect ei-
ther excitotoxic brain damage or a primary disorder
of glycine metabolism in their eponymous syn-
drome (8). In our patient, the presence of prominent
glycine peaks in the brain parenchyma may indi-
cate that the syndrome could be caused by a pri-
mary disorder of glycine metabolism; however, an
excitotoxic mechanism cannot be excluded.

In previously reported cases of van der Knaap
syndrome, MR spectroscopy revealed decreased
NAA/Cr ratios and increased Cho/Cr ratios as com-
pared with healthy persons (1, 5, 9). In the patient
reported here, similar findings were evident, and
although the NAA/Cho and NAA/Cr ratios ap-
peared to be normal in many regions, the NAA
peaks were low and the Cho peaks were high in
some parts of the brain, resulting in decreased
NAA/Cho ratios and increased Cho/Cr ratios as
compared with the spectroscopic findings in our
eight control cases. It is known that a decrease in
the NAA peak represents decreased neuronal via-
bility, neuronal function, and neuronal loss. On the
other hand, the Cho peak tends to increase in dis-
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ease processes associated with cell membrane
breakdown and increased cell membrane synthesis
(1, 5, 9). Corresponding changes in these metabo-
lites as well as in their ratios appear to be in con-
formity with the slowly progressive nature of van
der Knaap syndrome.

Conclusion
Pure glycine resonates at 3.52 ppm. Electron in-

teractions can cause a slight shift of its resonance
to 3.50 ppm. It has been shown that, in humans,
brain levels of amino acids can be studied only in-
directly by measuring their levels in the CSF (8).
Proton MR spectroscopy, however, noninvasively
depicts a number of metabolites, including amino
acids and others. With respect to our patient with
van der Knaap syndrome, in light of the experi-
mental and imaging studies, it is probable that in
in vivo environments glycine resonates with a peak
centered at 3.50 ppm, owing to electron interac-
tions. Thus, the glycine peak is distinct from the
myo-inositol peak, which is centered at 3.56 ppm.
In this patient, the glycine peaks were distinctly
present in the brain in almost every voxel of the
spectroscopic imaging sequence. Furthermore, in
one of the spectra, the glycine peak was dominant,
with an amplitude value of 4.90 mV, higher than
those of NAA, Cr, and Cho. Documentation of
these prominent glycine peaks in the brain paren-
chyma may indicate the presence of a disorder of
glycine metabolism in van der Knaap syndrome,
although an excitotoxic mechanism cannot be
excluded.
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