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Proton MR Spectroscopy of the Brain in 14 Patients with
Parkinson Disease

Brian C. Bowen, Ronald E. Block, Juan Sanchez-Ramos, Pradip M. Pattany, David A. Lampman, James B. Murdoch,
and Robert M. Quencer

PURPOSE: To determine whether the proton spectra from patients with clinically diagnosed
Parkinson disease differ from the spectra of age-matched healthy subjects with respect to the major
cerebral metabolite resonances as well as lactate. METHODS: Fourteen patients with Parkinson
disease (38 to 81 years of age) and 13 healthy control subjects (37 to 81 years of age) were studied
using image-guided, single-voxel (27-cm3 volume) proton MR spectroscopy of the occipital lobe.
RESULTS: The peak area ratios of N-acetyl aspartate to creatine and N-acetyl aspartate to choline
for Parkinson patients did not show a statistically significant difference from the corresponding
ratios for control subjects. There was a very significant increase in the ratio of lactate to N-acetyl
aspartate for patients with Parkinson disease, with the greatest increase (threefold) manifested by
the subgroup (n 5 4) with dementia. The difference in N-acetyl aspartate to choline between
women (n 5 7) with Parkinson disease and healthy women (n 5 9) approached significance. No
dependence of the peak ratios on age, duration of Parkinson disease, or medication (L-dopa)
regimen was found. CONCLUSION: Preliminary results indicating an increase in cerebral lactate in
patients with Parkinson disease support the hypothesis that Parkinson disease is a systemic
disorder characterized by an impairment of oxidative energy metabolism. The larger increases for
Parkinson patients with dementia may be diagnostically useful in assessing clinical course and in
differentiating Parkinson disease from other causes of dementia. Additional studies are needed,
though, to quantitate lactate changes and identify potential contributions from lipid resonances
better.
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Although the cause of Parkinson disease is
unknown, there is accumulating evidence that a
disorder of the mitochondrial electron transport
chain plays an important role in its pathogene-
sis (1). Postmortem studies of brains from pa-
tients with Parkinson disease demonstrate re-
duced activity of complex I of the electron
transport chain in the substantia nigra (2–4)
and possibly the striatum (5). Defects in com-
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plex I in platelets (6) and muscle (7, 8) from
living Parkinson patients have also been de-
scribed. A metabolite, 1-methyl-4-phenyl pyri-
dinium, of the neurotoxin 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine inhibits complex I
and produces a parkinsonian syndrome in hu-
mans similar to idiopathic Parkinson disease
(9). These findings have led to the hypothesis
that Parkinson disease is a systemic disease
characterized by dysfunction of the mitochon-
drial electron transport chain, primarily as a
result of a defect in complex I.
In animal models of Parkinson disease and

in isolated mitochondria, studies of 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine–induced toxic-
ity have demonstrated that one consequence of
complex I inhibition is increased lactic acid pro-
duction (10), with lactate levels increased as
much as twofold to threefold when there is com-
plete inhibition of complex I (11). These results



Peak ratios from occipital lobe spectra

Group NAA/Cho NAA/Cr La/NAA

Control subjects (n 5 13) 3.19 6 1.65 2.60 6 0.95 0.05 6 0.05
Parkinson patients (n 5 14) 3.76 6 1.50 (0.36)* 3.06 6 0.93 (0.22)* 0.11 6 0.06 (0.009)*
Nondemented (n 5 10) 3.91 6 1.77 (0.58) 2.84 6 0.69 (0.17) 0.09 6 0.04 (0.05)
Demented (n 5 4) 3.39 6 0.31 (0.81) 3.61 6 1.31 (0.11) 0.16 6 0.08 (0.004)

Percent change for Parkinson disease
compared with control group

118 118 1120

Note.—Ratios are expressed as means 6 SD.
* P values given in parentheses are those obtained with the unpaired Student’s t test applied to comparisons between each of the Parkinson

groups and the control group. P , 0.05 is considered significant.
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raise the question of whether there are in-
creased levels of lactate in Parkinson patients,
in the nigrostriatal system and/or in other cell
populations. Recently, preliminary results
showing elevated levels of lactate in the occip-
ital cortex of patients with Huntington disease
have been reported (Jenkins BG et al, “Evi-
dence of an Energy Metabolism Defect in
Huntington’s Disease Using Localized Proton
Spectroscopy,” presented at the Eleventh
Annual Meeting of the Society for Magnetic
Resonance in Medicine, Berlin, 1992). The lac-
tate elevations have been attributed to an im-
pairment of oxidative metabolism in Huntington
patients. These results must be interpreted
cautiously, though, because basal lactate levels
in healthy persons are variable (12).
The purpose of this study is to determine

whether the proton spectra obtained from pa-
tients with Parkinson disease differ from those
obtained from healthy control subjects, with re-
spect to the major metabolic species—N-acetyl
aspartate (NAA), choline (Cho), and creatine/
phosphocreatine (Cr)—and whether differences
in lactate (La) levels between the two groups
are present.

Methods
Fourteen patients (seven men and seven women) with

Parkinson disease diagnosed by a neurologist (J.S.-R.) in
a movement disorders clinic participated in the study. The
age range was 38 to 81 years (mean age, 64 6 15 years
[SD]); the duration of disease was 2 to 12 years (mean
duration, 7 6 4 years). Each patient met the following
criteria for clinical diagnosis: (a) presence of two of the
four cardinal signs (bradykinesia, rigidity, tremor, and
postural instability) of Parkinson disease; and (b) im-
provement of these after L-dopa therapy. Patients with
scores below 20 on the Folstein minimental test (13) were
considered demented. Thirteen healthy control subjects
ranging in age from 37 to 81 years (mean age, 58 6 13
years) were also studied (Table).
All studies were conducted using a 1.5-T magnetic
resonance (MR) whole-body imager with standard quadra-
ture head coil. A set of T2-weighted axial images of the
brain was acquired first. An image at the level of the
trigone of the lateral ventricles was chosen as a reference
for voxel location (Fig 1A). The voxel included primarily
occipital lobe parenchyma, encompassing both gray mat-
ter and white matter. Spectra were obtained using the
single-voxel version of the multiple-echo spectral-acquisi-
tion technique (14) for water-suppressed proton spectra.
In this technique, excitation with a 1-3-3-1 composite
pulse (centered at the water resonance frequency) is fol-
lowed by three 1808 pulses, each accompanied by a
section-select gradient along one of the three major axes.
An echo is produced from the selected voxel at the inter-
section of the three (orthogonal) sections.

The occipital lobe spectra were obtained using 1500/
270/640 (repetition time (TR)/echo time (TE)/excita-
tions) and a voxel size of 3 3 3 3 3 cm. Field homogeneity
was shimmed to give a localized water-proton spectral line
width of 4 to 6 Hz before data acquisition. Raw data were
zero filled to 4096 data points, and an exponential line-
broadening factor of 2 Hz was applied before Fourier trans-
formation of the time domain data. After spectra were
phased, an iterative computer program (spectroVISTA,
Picker International, Cleveland, Ohio) was used to fit the
spectral data using seven peak assignments and a six-
parameter baseline fit, with a user first estimate of peak
positions, line widths, and intensities. The peak positions
for the curve-fitting program were chosen as follows: three
peaks with locations corresponding to the primary reso-
nances of Cho, Cr, and NAA were always selected. A peak
or peaks, if present, in the 1.27- to 1.40-ppm region (see
below) was (were) then selected. The remaining peaks
(making up the total of seven assignments) were selected
from the highest amplitude resonances in the 1.0- to 2.0-
ppm region, to have optimal fitting in this region of the
spectrum.

Normalized peak areas, determined from the computer
fits of the spectra, were tabulated and area ratios calcu-
lated. Chemical shifts were determined by comparing
peak positions to that of NAA, taken as 2.01 ppm, and
using the published values (15–17) for the main reso-
nances of the other metabolites of interest—Cr (3.0 ppm),
Cho (3.2 ppm), and La (1.33 ppm). Because the lactate



Fig 1. Image-guided, single-voxel proton MR spectroscopy.
A, T2-weighted axial image (2800/80/1) from a patient with Parkinson disease indicates typical location of a 27-cm3 voxel (square).
B and C, Localized proton MR spectra from a healthy elderly subject (B) and a patient with Parkinson disease (C) using the

multiple-echo spectral-acquisition technique (1500/270).
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doublet may be only partially resolved or distorted be-
cause of adjacent resonances, the integrated area for La
was determined from the area under the peak(s) within the
spectral region from 1.27 to 1.40 ppm. This “lactate re-
gion” corresponded to the width of the lactate doublet at
half-maximum amplitude in preliminary studies on a 20
mmol/L lactate solution. Analysis of the MR spectral data,
as described above, was performed by one of the authors
(R.E.B.) blinded to the clinical diagnosis.

To correct for spectral distortion introduced by the
1-3-3-1 pulse (18), the water excitation profile of the pulse
was determined, using the same parameters as for the in
vivo acquisitions (Fig 2). From this profile, signal intensity
ratios were calculated and used to correct for the partial
suppression of signal at the peak locations of interest.

The signal-to-noise ratio for in vivo spectra was deter-
mined from the ratio of NAA peak intensity to baseline
signal intensity in the 0- to 3.6-ppm region. The signal-to-
noise ratio was usually greater than 40, and a mean value
of 50 6 7 was obtained for six spectra acquired from one
control subject.

Statistical Methods

Two-tailed, unpaired Student’s t tests were applied. To
evaluate for correlations, linear regressions with the F test
were used.

Results

Spectra from a healthy subject and from a
patient with Parkinson disease and dementia
are shown in Figures 1B and C, respectively.
The ratios of peak areas for the computer fit of
the spectrum in Figure 1B were: NAA/Cho,
5.02; NAA/Cr, 4.02; and La/NAA, 0. In Figure
1C, there is a slightly distorted doublet centered
at 1.33 ppm, corresponding to the La reso-
nance. The ratios calculated from this spectrum
were: NAA/Cho, 5.40; NAA/Cr, 3.81; and La/
NAA, 0.19.
The peak ratios for each subject in the study

were corrected using the water-excitation pro-

Fig 2. Water excitation profile of the 1-3-3-1 binomial pulse
optimized for the NAA resonance (2.01 ppm).



Fig 3. Distribution of La/NAA for
healthy subjects (V) and for patients with
Parkinson disease (m) as a function of age.
Each point corresponds to one subject. The
mean value of La/NAA for healthy subjects
(dotted line; SD, 0.05) and that for patients
with Parkinson disease (solid line; SD,
0.06) are shown.
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file of the 1-3-3-1 pulse (Fig 2). The correction
factors were 1.73, 1.49, 1.0, and 1.24 for the
Cho, Cr, NAA, and La resonances, respectively.
Thus, for example, the corrected peak ratios
were: NAA/Cho, 2.90; NAA/Cr, 2.70; and La/
NAA, 0 for the control spectrum (Fig 1B) and
3.12, 2.56, and 0.24, respectively, for the
Parkinson spectrum (Fig 1C).
The Table shows the statistical comparisons

of the NAA/Cho, NAA/Cr, and La/NAA ratios in
all Parkinson patients and control subjects.
Each mean was determined from the corrected
peak ratios of the individual subjects, and not
from the means of the corrected peak areas of
all control or Parkinson subjects taken together.
No statistically significant difference was found
between the Parkinson and control values for
NAA/Cho and NAA/Cr, although the Parkinson
subjects had slightly larger values for each.
Reproducibility of the peak ratio measure-

ments was evaluated by repeated examination
(n 5 6) of a single control subject. The coeffi-
cients of variation (SD divided by mean value)
for NAA/Cho and NAA/Cr were each about
0.25. This value may account for much of the
statistical variation in the ratios for the control
subjects and the Parkinson patients (n 5 14) in
the Table, in which the coefficients of variation
range from 0.30 to 0.52.
For La/NAA the difference between the Par-

kinson and control groups was very significant
(P 5 .009; Table), and for La/Cr the difference
was significant (P 5 .01). Figure 3 shows the
La/NAA results for individual examinations and
indicates the scatter of the data. The horizontal
lines represent the mean values for each group.
There is some overlap of the two groups at 1 SD
(s).
In addition to the mean peak ratios, the mean

value of the percentage area under each of the
main peaks was tabulated. For NAA, the value
was 59.75 6 8.12% for the control group com-
pared with 59.66 6 6.71% for the Parkinson
group. For La, mean values of 3.01 6 3.07%
(control) and 6.52 6 3.21% (Parkinson) were
obtained. These data support the notion that the
La/NAA differences are caused by variation in
La between the control and Parkinson groups.
The spectral data were also evaluated for ev-

idence of certain trends, such as dependence of
peak ratios on age, or on medication regimen,
duration of disorder, or dementia for the Parkin-
son group. No age dependence was found for
the NAA/Cho, NAA/Cr, or La/NAA ratios of the
control or Parkinson subjects. No statistically
significant relationship between peak ratios and
medication regimen was demonstrated in the
14 Parkinson patients, 11 of whom received
L-dopa (300 to 750 mg/day). The 3 Parkinson
subjects who were receiving no medications
had corrected La/NAA ratios of 0.20, 0.15, and
0.10; however, their mean was not significantly
different (P 5 .20) from that of the remaining
Parkinson group. No correlation between dura-
tion of Parkinson disease and La/NAA was
found.
In the four Parkinson subjects (age 74 6 6

years) with dementia, the mean La/NAA ratio
was 0.16 6 0.08. For the remaining, nonde-
mented Parkinson subjects (age 62 6 16
years), the ratio was 0.09 6 0.04. The differ-
ence between the demented and nondemented
Parkinson groups was significant (P 5 .04),
whereas the difference between the demented
Parkinson group and the control group was very
significant (P 5 .004). The mean values for
NAA/Cho and for NAA/Cr were not significantly
different between the demented and nonde-
mented Parkinson subgroups, nor was there a
significant difference between each of these
subgroups and the control group (Table).
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Discussion

Neurodegenerative and psychiatric disorders
often have cranial MR findings that are nonspe-
cific and/or indistinguishable from those seen in
normal aging (19). Clinical MR spectroscopy
shows promise as a tool to improve diagnostic
accuracy (20) and monitor therapy (21) in
these conditions, in addition to elucidating un-
derlying biochemical changes. In vivo proton
spectroscopy of Parkinson disease has received
little attention compared with Alzheimer disease
(20), despite evidence that Parkinson disease is
a systemic biochemical disorder involving en-
ergy metabolism, specifically complex I of the
electron transport chain (1). Comparison of
regional brain spectra from Parkinson patients
with those from healthy controls is needed,
and this was the purpose of our study. An in-
crease in cerebral lactate associated with
complex I inhibition, as occurs in mouse stria-
tal slices (11), should be looked for in human
spectra and, if present, correlated with clinical
variables. This topic is addressed preliminarily
in our study.
The NAA/Cr and NAA/Cho results for

healthy subjects can be compared with pub-
lished values, derived from spectra acquired
with a TE of 270 milliseconds. Menon et al (22)
used the single-voxel version of the multiple-
echo spectral-acquisition technique and ob-
tained NAA/Cr of 3.3 6 0.7 for the parietal lobe
in healthy control subjects (n 5 11) at 1.6 T and
a TR of 2000 milliseconds. No attempt was
made to correct for spectral distortion, nor was
an excitation profile presented. Their mean
NAA/Cr is not significantly different from our
uncorrected result of 3.88 6 1.41. Our cor-
rected NAA/Cr of 2.60 6 0.95 (Table) com-
pares favorably with the value of 2.51 6 0.37 (n
5 12) obtained by Jenkins et al (“Evidence of
an Energy Metabolism Defect”) for the occipital
lobe, using a stimulated-echo acquisition mode
sequence at 1.5 T with 2000/272. NAA/Cr as
high as 3.45 6 0.24 (n 5 6) has been reported
by Duijn et al (23), who used a point resolved
spectroscopy sequence at 2.0 T and 2000/272.
The difference in TR between these previous
studies and our own (1500 milliseconds) should
have minimal effect on NAA/Cr, based on the
similarity in published in vivo T1 relaxation
times for NAA (1450 milliseconds) and Cr
(1550 milliseconds) (24).
NAA/Cr values of 2.2 6 0.5 (25), 2.44 6
0.38 (26), and 2.20 1 0.42 (Sauter R, “Clinical
MR Spectroscopy of the Brain with Single Voxel
Techniques: Volunteer Baseline Study,” pre-
sented at the Eleventh Annual Meeting of the
Society for Magnetic Resonance Imaging, San
Francisco, 1993), have been obtained using a
point resolved spectroscopy sequence at 1.5 T
and 2000/135. Our result is expected to be
larger than these values derived from TE-135
spectra, because the in vivo T2 relaxation time
for NAA (370 milliseconds) is reportedly longer
than that for Cr (220 milliseconds) (24, 27).
The corrected NAA/Cho (Table) is within the

range of 2.33 6 0.16 (23) to 3.68 6 0.45 (Jen-
kins et al, “Evidence of an Energy Metabolism
Defect”) reported for healthy subjects. In a mul-
ticenter study (Sauter, “Clinical MR Spectrosco-
py”), NAA/Cho was found to be 2.75 6 0.61 for
the occipital lobe. Although obtained at a TE of
135, this ratio should not be appreciably differ-
ent from its value obtained at a TE of 270, other
factors being equal, because the T2 for Cho
(360 milliseconds) is similar to that for NAA
(24, 27). These reference values, though, may
be slightly less at a TR of 1500, given the
shorter T1 of Cho (1150 milliseconds) than of
NAA (24).
The mean values of NAA/Cr and NAA/Cho

for control subjects presented in the Table are
thus within the range of published values. How-
ever, the SDs, or coefficients of variation, we
obtained were larger. Much of this error is likely
caused by the variation in calculated ratios from
exam to exam independent of the subject, (ie,
reproducibility). This conclusion is supported
by our finding that the coefficient of variation for
each ratio was about 0.25, that is, 25%, for the six
spectra obtained from a single healthy subject,
compared with 0.37 and 0.52 (NAA/Cr andNAA/
Cho, respectively) for the control group, and 0.30
and 0.40 for the total Parkinson group (Table).
Over the age range we investigated, no de-

pendence of mean NAA/Cr or NAA/Cho ratios
on age could be demonstrated for the control or
the Parkinson group. Kreis and Ross (28) have
also reported that values of NAA/Cr and Cho/Cr
for occipital lobe in healthy subjects were con-
stant over an age range of 22 to 89 years.
Although NAA/Cr and NAA/Cho mean val-

ues for the total Parkinson group were slightly
greater than those for healthy control subjects,
the difference was not statistically significant
(Table). For Parkinson patients, the subgroup
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with dementia showed a nonsignificant (P 5
.58) decrease in NAA/Cho compared with the
subgroup without dementia. This trend is in the
same direction as that reported for in vivo stud-
ies of Alzheimer patients (Meyerhoff DJ et al,
“Increased Cerebral Choline in Alzheimer Dis-
ease Support Theory of Membrane Defect,” pre-
sented at the Eleventh Annual Meeting of the
Society for Magnetic Resonance Imaging, San
Francisco, 1993). However, relative to the con-
trol group, the Parkinson subgroup with demen-
tia had NAA/Cho and NAA/Cr mean values that
tended to be increased rather than decreased
(Table). Additional studies of this subgroup are
needed to determine whether there are signifi-
cant differences from control values, as have
sometimes been reported for other causes of
dementia (21) (Meyerhoff et al, “Effects of Nor-
mal Aging and Alzheimer’s Disease on Cerebral
1H Metabolites,” presented at the Eleventh An-
nual Meeting of the Society for Magnetic Reso-
nance in Medicine, Berlin, 1992; Jungling FD et
al, “Localized 1H-Spectroscopy in the Hip-
pocampus of Normals and Patients with Alz-
heimer’s Disease,” presented at the Twelfth
Annual Meeting of the Society for Magnetic
Resonance in Medicine, New York, 1993).
Because NAA is considered a neuronal

marker, the lack of a difference in NAA/Cr val-
ues between the control and total Parkinson
groups argues against any preferential loss of
neurons in the occipital region in our overall
Parkinson patient population. Although NAA/
Cho for the total Parkinson group did not differ
significantly from the control value (Table), the
difference between Parkinson women (4.50 6
1.80) and healthy women (3.02 6 1.09) and
between Parkinson women and Parkinson men
(3.02 6 0.61) approached significance (P 5 .06
for each comparison). The possibility that Par-
kinson women have relatively less choline than
other groups has not been reported previously,
to our knowledge, and would require further
study to determine whether a significant differ-
ence in NAA/Cho or Cho/Cr values exists. The
findings are of interest because one model of Par-
kinson disease, based on animal studies, at-
tributes the biochemical changes of Parkinson
disease to an excess of cerebral S-adenosyl me-
thionine, which methylates and depletes dopa-
mine yet also has the ability to alter choline me-
tabolism by its reaction with phospholipids (29).
A very significant difference (P 5 .009) was

found between La/NAA values for control and
Parkinson subjects in general, and an even
greater difference for control and demented Par-
kinson subjects in particular. These results sup-
port the hypothesis that there is an impairment
of oxidative energy metabolism in vivo in Par-
kinson disease, not limited to the substantia
nigra. The impairment is thought to result from
a defect in complex I (reduced nicotinamide
adenine dinucleotide ubiquinone oxidoreduc-
tase), which is composed of 26 subunits, 7 of
which are encoded by mitochondrial deoxyri-
bonucleic acid. The cause of this defect is un-
clear, although a genetic cause has been in-
voked (8). Damage to dopaminergic neurons,
resulting in parkinsonism, is thought to be
mediated by inhibition of adenosine triphos-
phate production and generation of oxyradi-
cals (10), which are produced at relatively
high levels in these neurons (30).
Huntington disease, a movement disorder in-

volving the basal ganglia and inherited as an
autosomal dominant trait, has also been hy-
pothesized to result from an impairment of ox-
idative energy metabolism via a defect in one of
the autosomal mitochondrial enzymatic com-
plexes, allowing slow excitotoxic neuronal de-
generation (31). Recently, Jenkins et al (“Evi-
dence of an Energy Metabolism Defect”)
reported mean La/NAA values of 0.127 6 0.04
for symptomatic Huntington patients (n 5 15)
compared with 0.038 6 0.01 for control sub-
jects (n 5 12). Measurements were obtained
from the occipital lobe. Although the elevation
in La/NAA in Parkinson patients is not as large
as in Huntington patients, there is a significant
increase. Symptomatic Huntington patients are
considered to have some degree of dementia;
thus, it may be more appropriate to compare
La/NAA in controls with the Parkinson sub-
group with dementia. For this subgroup, there is
a threefold increase in La/NAA, similar to the
increase observed in Huntington patients.
The pitfalls inherent in La measurements

have been well documented (12, 18) (Merboldt
KD et al, “Variability of Lactate in Normal
Human Brain In Vivo: Localized Proton MRS
during Rest and Photic Stimulation,” presented
at the Tenth Annual Meeting of the Society for
Magnetic Resonance in Medicine, San Fran-
cisco, 1991). Interindividual differences in the
basal lactate levels of normal young adults (n5 48;
age, 20 to 43 years; mean, 27.5 years), ranging
from less than 0.3 to 1mmol/L, in the occipital lobe
(visual cortex) have been reported by Merboldt
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et al (12). Also, these authors were unable to
confirm the results of Pritchard et al (17), who
found that the mean basal level for adult men
(n 5 5; age, 22 to 55 years) of 0.71 mmol/L
increased by 50% to 150% in the first 6 minutes
after photic stimulation. Merboldt et al (12)
found no consistent alteration in La level during
photic stimulation and concluded that there is a
rapid efflux of lactate from brain tissue under ac-
tivated conditions, rather than a transient, mea-
surable excess of glycolysis over respiration, as
proposed by Pritchard and colleagues (17).
The interindividual variability in La concen-

tration would contribute to the error in our La/
NAA results but should not produce a signifi-
cant difference between the normal and
Parkinson groups. Photic stimulation is unlikely
to cause any differences between the two
groups, because all individuals were studied in
the same manner, and the spectral acquisition
time was 16 minutes. The relatively large SD for
La/NAA (Table) within each group, though,
may reflect true interindividual differences, in
addition to the variability inherent in our mea-
surements (reproducibility) and the error asso-
ciated with curve fitting of a minor resonance
such as La in the presence of background noise
approaching 2% of the NAA signal intensity.
A spurious difference in La/NAA between the

control and Parkinson groups could result from
the spectral analysis method. Because there are
seven user-designated peaks, and the area un-
der each peak is a percentage of the total sev-
en-peak area, errors could result if the peaks
not assigned to NAA, Cho, Cr, and La varied
markedly, causing a decrease or increase in
La relative to NAA for one group versus the
other. Such variation was not present, though,
and the percentage area encompassed by the
combined NAA, Cr, Cho, and La region peaks
was approximately the same for control and
Parkinson groups, being 91.5% and 89.8%,
respectively.
A pitfall in the characterization and quantita-

tion of resonances in the 1.27 to 1.40 region of
the spectrum as La is the potential presence of
lipid resonances, whether spurious from “out of
voxel” or genuine. Previous authors (23) have
integrated over the same spectral region as we
did to obtain lactate values and found them not
to be contaminated with scalp lipid signal, as
long as the margins of the volume of interest did
not encompass the calvarium. As shown in Fig-
ure 1A, our voxel was well within the occipi-
toparietal region of the brain, and this intrace-
rebral location was confirmed on the two
adjacent 5-mm-thick axial images on either
side of the image displaying the voxel position.
Because voxel location was similar in all sub-
jects, it is very unlikely that the Parkinson group
would have a significantly higher La/NAA ratio
because of “out-of-voxel” lipid contamination.
The possibility that cerebral lipid resonances

present in Parkinson patients, and absent or
reduced in controls, are responsible for at least
some of the differences in the integrated area in
the La region, though, cannot be excluded. In a
preliminary study, Heerschap et al (“Proton MR
Spectroscopy of the Striatum in Patients with
Parkinson’s Disease,” presented at the Eleventh
Annual Meeting of the Society for Magnetic Res-
onance in Medicine, Berlin 1992) have acquired
proton spectra (point resolved spectroscopy se-
quence with 2500/135) from the striatum of
Parkinson patients (n 5 9). Some, but not all,
patients showed additional resonance intensity
in the range of 1.3 to 1.7 ppm attributed to
“triglyceride protons.” Otherwise, the spectra
resembled control spectra, and no significant
difference in NAA/Cho, Cho/Cr, and NAA/Cr
mean values between the two groups was ob-
served. We have obtained a spectrum at a TE of
135 in one Parkinson patient and observed a
shallow inverted doublet at 1.33 ppm, but no
resonances comparable to those reported by
Heerschap et al (unpublished). The acquisition
of occipital lobe spectra at a TE of 135 may
help to clarify the question of lipid resonance
contributions; however, the identification of
small quantities of lactate is made more difficult
because the amplitude of the inverted lactate
doublet is approximately 40% of that for the
noninverted doublet at a TE of 270 (32).
Our preliminary spectral data from the occip-

ital (and parietal) region for Parkinson subjects
have striking similarities to those obtained for
Huntington subjects by Jenkins et al (“Evidence
of an Energy Metabolism Defect”). The Parkin-
son results are consistent with the hypothesis
that mitochondrial electron transport chain def-
icits are present in brain tissue in each disorder
and that the associated lactate elevation is a
sign of metabolic (oxidative) stress (31). Be-
cause the primary area of the brain affected
symptomatically in Parkinson disease is the ni-
grostriatal pathway, and because postmortem
studies have demonstrated reduced activity of
complex I in substantia nigra (4), local-
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ized spectra from this area should be the focus
of future studies. Modifications of current tech-
niques, such as the use of cardiac gating
(Pattany PM et al, “Improvement of Signal-to-
Noise Ratio of Proton MR Spectra of the Brain
with Cardiac Gating,” presented at the 79th An-
nual Meeting of the Radiological Society of
North America, Chicago, 1993) and hardware
improvements, such as the use of self-shielded
gradients, may be necessary to obtain reliable
spectra from the substantia nigra and basal
ganglia on clinical scanners. If the presence of
elevated lactate is confirmed, then therapeutic
clinical trials of drugs (eg, coenzyme Q) that
lower La levels could be undertaken, as is
now being done for Huntington patients (W. J.
Koroshetz, personal communication 1993),
with MR spectroscopy used to monitor changes
in cerebral lactate in vivo.
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