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Objective: The authors used proton mag-
netic resonance spectroscopic imaging
("H-MRSI) to assess potential reductions of
N-acetylaspartate (a marker of neuronal
integrity) in the hippocampal area and
dorsolateral prefrontal cortex of patients
with schizophreniform disorder. In addi-
tion, they assessed the relationship be-
tween N-acetylaspartate levels and work-
ing memory deficits.

Method: Twenty-four patients with DSM-
IV schizophreniform disorder and 24
healthy subjects were studied. Subjects
underwent "H-MRSI and were given the
N-back working memory test.

Results: The schizophreniform disorder
patients had selective reductions of N-
acetylaspartate ratios in the hippocampal

area and the dorsolateral prefrontal cor-
tex, and a positive correlation was seen
between N-acetylaspartate ratios in the
dorsolateral prefrontal cortex and perfor-
mance during the 2-back working mem-
ory condition.

Conclusions: Similar to findings reported
in schizophrenia studies, N-acetylaspar-
tate reductions in the hippocampal area
and the dorsolateral prefrontal cortex
were seen in patients with schizophreni-
form disorder. Moreover, the results sup-
port other evidence that neuronal pathol-
ogy in the dorsolateral prefrontal cortex
accounts for a proportion of working
memory deficits already present at illness
outset.

(Am J Psychiatry 2003; 160:483-489)

r]jhe prefrontal cortex is important for performance of
cognitive and mnemonic tasks such as working memory
(1). Single-cell recording studies in nonhuman primates
have demonstrated that neurons in the dorsolateral pre-
frontal cortex specifically increase their firing during per-
formance of working memory tasks (1). Moreover, tempo-
rary inactivation of one or a few neuronal modules results
in poorer working memory performance while leaving
unaltered sensory and motor processing (1). The key role
played by the dorsolateral prefrontal cortex during per-
formance of working memory tasks has been confirmed
with numerous functional neuroimaging studies in hu-
mans (2, 3).

Working memory deficits are among the constitutive
neuropsychological deficits of schizophrenia, and func-
tional imaging studies have consistently indicated dys-
functional activation of the dorsolateral prefrontal cortex
during working memory in patients with schizophrenia (4,
5). Proton magnetic resonance spectroscopic imaging
('H-MRSI) of N-acetylaspartate (a marker of neuronal in-
tegrity) also has provided evidence of prefrontal neuronal
pathology (6-9) (in the latter two studies, data were ac-
quired mostly in prefrontal white matter) as well as pa-
thology in other brain regions, although the results have
not been without controversy (10, 11). However, N-acetyl-
aspartate signals derived from 'H-MRSI are sensitive to
treatment with antipsychotics (12-15) and also may reflect
the functional state of neurons (16-21). Indeed, N-acetyl-
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aspartate levels in the dorsolateral prefrontal cortex corre-
late with physiological activity within the cortical working
memory network and have been found to correlate with
ratings of negative symptoms in patients with chronic ill-
ness (22, 23). The large majority of 'H-MRSI studies have
been performed in chronically ill patients and thus are po-
tentially confounded by issues associated with duration of
illness and pharmacological treatment. Studying patients
with schizophreniform disorder represents a strategy to
control for these factors (24).

The purpose of the present study was to measure the
level of N-acetylaspartate in the hippocampal area and
dorsolateral prefrontal cortex of patients with schizo-
phreniform disorder and to assess its potential relation-
ship with working memory performance.

Method

We studied 24 patients (17 men and seven women; mean age=
23.7 years, SD=6.1) with DSM-IV schizophreniform disorder ac-
cording to the Structured Clinical Interview for DSM-IV Axis I Dis-
orders (25) and 24 age- and sex-matched healthy subjects (mean
age=24.0 years, SD=6.1). Exclusion criteria were history of signifi-
cant drug abuse, active drug use in the past year, head trauma
with loss of consciousness, and any significant medical condi-
tion. While 20 patients had been receiving antipsychotic drugs for
an average of less than 4 weeks (mean days=25.4, SD=32.0), the
other four had been drug-naive. Nineteen of the 20 patients were
being treated with atypical antipsychotics. The patients were not
taking any other psychotropic drug. While five of the patients had
a history of sporadic drug use (cannabis), none of the patients
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FIGURE 1. N-Acetylaspartate/Creatine Ratios in the Hippocampus and Dorsolateral Prefrontal Cortex of Patients With
Schizophreniform Disorder and Age- and Gender-Matched Healthy Comparison Subjects
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had a history of chronic drug abuse. These five patients under-
went urinary screening for other major drugs of abuse at admis-
sion, and the results were negative. Seventeen of the patients
were followed longitudinally and were confirmed as having a di-
agnosis of DSM-IV schizophrenia at least 6 months after their
participation in this study. Seven other patients were lost to follow
up. Symptoms were assessed the day of scanning with the Positive
and Negative Syndrome Scale. The present study was approved
by the local institutional review board, and written informed con-
sent was obtained from all subjects after the procedures had been
fully explained.

TH-MRSI Procedure

1H-MRSI was performed on a conventional GE SIGNA 1.5-T
NMR imaging system as previously described (6). The 'H-MRSI
pulse sequence acquires four spectroscopic slices (TR=2200
msec, TE=272 msec) involving a 32x32 phase-encoding step over
a 240-mm field of view for each slice. Based on full width at half
maximum after filtering of k-space, each volume element
(“voxel”) has dimensions of 1.4 ml. 1H-MRSI data processing in-
volved locating N-acetylaspartate, choline, and creatine in spec-
tra from each voxel and then displaying the four 32x32 arrays
showing spatial variation of the magnitude of each of the signals
in each of the slices. Regions of interest were drawn on coplanar
MRIs as previously described (6), identifying the hippocampal
area, dorsolateral prefrontal cortex, inferior frontal gyrus, supe-
rior temporal gyrus, occipital cortex, anterior and posterior cin-
gulate, prefrontal white matter, centrum semiovale, putamen,
and thalamus. Metabolites were studied as ratios of the area un-
der each peak: N-acetylaspartate/creatine, N-acetylaspartate/
choline, choline/creatine.

Neuropsychological Testing

Working memory was assessed the day of scanning in 14 pa-
tients and in 14 healthy subjects with the N-back task. The other
subjects were not available for testing because the N-back software
was not available yet. In contrast to other versions of the N-back
task, our version of the task required subjects to continually update
their mental set while responding to previously seen stimuli (num-
bers) (3). Stimuli were presented on a computer screen, and sub-
jects were asked to respond with the numbers keyboard. “N-back”
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refers to how far back in the sequence of stimuli that the subject
had to recall. The stimuli consisted of numbers (1-4) shown in ran-
dom sequence and displayed at the points of a diamond-shaped
box. There was a nonmemory guided control condition (0-back)
that presented the same stimuli but simply required subjects to
identify the stimulus currently seen. As memory load increased,
the task required the recollection of a stimulus seen one stimulus
(1-back) or two stimuli (2-back) earlier while continuing to encode
additionally incoming stimuli. Performance data were recorded as
the number of correct responses (accuracy).

Statistical Analysis

Differences between patients and comparison subjects were
tested separately for each metabolite ratio and for each region of
interest by a two-way repeated-measures analysis of variance
(ANOVA), with hemisphere (left or right) as the within-group fac-
tor and diagnosis as the between-group factor. Post hoc analysis
was performed with Tukey’s honestly significant difference test.
ANOVA was also used to assess differences in neuropsychological
performance between patients and healthy subjects. Correlations
were assessed with Pearson’s test.

Results

In the hippocampal area, the patients with schizophreni-
form disorder and the healthy comparison subjects dif-
fered significantly in terms of the N-acetylaspartate/crea-
tine ratio (mean=1.71 [SD=0.34] versus 1.97 [SD=0.29],
respectively; F=10.3, df=1, 46, p<0.003) and the N-acetyl-
aspartate/choline ratio (mean=1.06 [SD=0.24] versus 1.18
[SD=0.19]; F=4.06, df=1, 46, p<0.02). Post hoc analysis
showed that patients had a significant bilateral reduction
of N-acetylaspartate/creatine (p<0.03) (Figure 1) and N-
acetylaspartate/choline (p<0.02). No main effect of hemi-
sphere was found for N-acetylaspartate/creatine or N-
acetylaspartate/choline. No main effect or interaction was
found for choline/creatine.
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FIGURE 2. Regional Variations in the N-Acetylaspartate/Creatine Ratio in Patients With Schizophreniform Disorder and

Age- and Gender-Matched Healthy Comparison Subjects
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Likewise, in the dorsolateral prefrontal cortex, the pa-
tients with schizophreniform disorder and the healthy
comparison subjects differed significantly in terms of the
N-acetylaspartate/creatine ratio (mean=2.05 [SD=0.38]
versus 2.32 [SD=0.51], respectively; F=4.44, df=1, 46,
p<0.05), and the between-group difference for the N-
acetylaspartate/choline ratio approached significance
(mean=1.54 [SD=0.25] versus 1.69 [SD=0.45]; F=2.2, df=1,
46, p=0.10). Post hoc analysis revealed that patients had a
significant bilateral reduction of N-acetylaspartate/crea-
tine (p<0.05) (Figure 1) and a difference in N-acetylaspar-
tate/choline that approached significance (p=0.10). No
main effect of hemisphere was found for either N-acetyl-
aspartate/creatine or N-acetylaspartate/choline. No main
effect or interaction was found for choline/creatine. For all
metabolite ratios, no main effect or interaction was found
in any other region of interest (results for the N-acetylas-
partate/creatine ratio are shown in Figure 2). ANOVA re-
vealed sporadic effects of hemisphere and no diagnosis-
by-hemisphere interaction. None of the sporadic results,
which were not based on a priori hypotheses or previous
results, survived an appropriate Bonferroni correction for
the number of regions, even at the p=0.10 threshold.

Repeated-measures ANOVA on the N-back data showed
a significant effect of diagnosis (F=20.5, df=1, 26, p<0.001),
a significant effect of task condition (F=62.7, df=2, 52,
p<0.001), and a significant interaction between diagnosis
and task condition (F=8.4, df=2, 52, p<0.001). Post hoc
analysis showed that patients had lower accuracy than
comparison subjects at the 1-back condition (mean=9.26
[SD=3.23] versus 13.7 [SD=0.41], respectively; p<0.01) and
the 2-back condition (mean=6.9 [SD=2.4] versus 9.6 [SD=
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FIGURE 3. Correlations Between the N-Acetylaspartate/
Creatine Ratio in the Right Dorsolateral Prefrontal Cortex
and Working Memory Performance in 14 Patients With
Schizophreniform Disorder?
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2.8]; p<0.01) but not at the 0-back condition (mean=13.5
[SD=0.9] versus 13.9 [SD=0.1]; p>0.50).

In the patients with schizophreniform disorder, there
was a significant correlation between N-acetylaspartate/
creatine in the right dorsolateral prefrontal cortex and
working memory performance during the 2-back condi-
tion (Figure 3). A similar relationship was found for N-
acetylaspartate/choline (r=0.39, df=12, p=0.10) but not for
choline/creatine (r=0.03, df=12, p=0.90). For the healthy
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subjects, the correlation between N-acetylaspartate/crea-
tine in the right dorsolateral prefrontal cortex and working
memory performance during the 2-back condition was in
the same direction but was not significant (r=0.23, df=12,
p=0.30). There were no other significant correlations be-
tween any 'H-MRSI measures and N-back performance.
Consistent with previous reports (14), we found a correla-
tion between N-acetylaspartate/creatine in the right dor-
solateral prefrontal cortex and negative symptom ratings
from the Positive and Negative Syndrome Scale (r=-0.37,
df=22, p=0.04, one-tailed). No other correlation was found
between 'H-MRSI measures and clinical parameters (age,
length of pharmacological treatment, chlorpromazine
equivalents).

Discussion

We found reductions of N-acetylaspartate levels in the
hippocampal area and the dorsolateral prefrontal cortex
of patients with schizophreniform disorder compared
with healthy subjects. We also found a specific correlation
between N-acetylaspartate levels in the right dorsolateral
prefrontal cortex and performance on the 2-back version
of a working memory task in patients with schizophreni-
form disorder. This correlation is consistent with findings
from an earlier schizophrenia study (5) in which correla-
tion between N-acetylaspartate levels in the dorsolateral
prefrontal cortex and performance and activation (assessed
with functional magnetic resonance imaging [fMRI]) dur-
ing a 2-back working memory condition was found only
on the right. The lack of a statistical correlation between
N-acetylaspartate levels in the dorsolateral prefrontal cor-
tex and performance on the 0- and 1-back conditions as
well as between N-acetylaspartate levels in the hippocam-
pal area and working memory performance is also consis-
tent with earlier studies and suggests that a threshold of
sufficient functional load is necessary to elicit a predict-
able effect (5).

Our results are consistent with previous studies of chronic
patients with schizophrenia that showed N-acetylaspar-
tate reductions in the hippocampal area and dorsolateral
prefrontal cortex. Therefore, neuronal pathology in these
two brain areas, at least as reflected in diminished N-
acetylaspartate measures, is not an epiphenomenon of
being chronically ill or of being chronically treated with
antipsychotics. It is also of interest that N-acetylaspartate
levels in the dorsolateral prefrontal cortex correlated only
with performance during the 2-back condition in the
schizophreniform disorder patients. The functional neu-
roimaging literature in schizophrenia has indicated that
dorsolateral prefrontal cortex dysfunction becomes con-
sistently manifest if patients are engaged in tasks that de-
pend on prefrontal strategies. The likely complexity and
redundancy in prefrontal neuronal processing would be
expected to dilute the predictive impact on prefrontal
function of N-acetylaspartate measures alone. Our data
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are consistent with this contention in that the correlation
is only found at the higher level of working memory load.
Lack of statistical correlation between N-acetylaspartate
levels in the hippocampal area and working memory per-
formance is also consistent with this idea and with earlier
studies (5).

The correlation between N-acetylaspartate levels in the
dorsolateral prefrontal cortex and performance during the
2-back condition of the working memory test did not
reach statistical significance in the comparison subjects,
even though it was in the same direction as in patients.
Earlier "H-MRSI work in healthy subjects had shown that
N-acetylaspartate levels in occipitoparietal white matter
correlated positively with an index of general neuropsy-
chological performance (26) and with full-scale IQ mea-
sured with the Wechsler Adult Intelligence Scale (27). Both
of these studies involved a larger number of subjects (N=
43 and N=26, respectively) and a decidedly different brain
region. Our data are partially consistent with this earlier
work in that no significant correlations were seen in the
healthy subjects, even though the direction was the same.
Lack of consistency with this earlier work may be ascribed
to several reasons. One possibility is that we studied a
smaller number of subjects. Another likely explanation is
that we investigated a different anatomical region and a
more specific neuropsychological function. On the other
hand, lack of statistical correlation in healthy subjects sug-
gests the possibility that dorsolateral prefrontal cortex
neurons identified by low N-acetylaspartate levels may be
critical effectors of the cortical pathophysiology implicated
in the working memory deficits of schizophrenia. To the
extent that reduced N-acetylaspartate measures are a re-
flection of impaired functional integrity of neurons, these
dorsolateral prefrontal cortex neurons may constitute a
rate-limiting factor for working memory performance.
Therefore, this putative impairment may constrain the
variance in a predictable way, making the correlation in pa-
tients more evident than in healthy subjects. This assump-
tion also is consistent with earlier data that showed a cor-
relation between prefrontal N-acetylaspartate measures
and activation of the distributed working memory cortical
network in patients but not in normal subjects (22). These
data were obtained in two groups of patients during per-
formance of the Wisconsin Card Sorting Test and the N-
back test. Both data sets showed more pronounced corre-
lations between N-acetylaspartate levels in the right dor-
solateral prefrontal cortex and regional cerebral blood
flow during performance of the tasks in patients but not in
comparison subjects, once again suggesting that the cor-
relation is more robust in patients. Moreover, the selectiv-
ity of the correlation between 2-back working memory
performance and N-acetylaspartate measures in the right
dorsolateral prefrontal cortex is consistent with prior
functional imaging studies. The spatial component of the
N-back task is important, as numbers flash in four differ-
ent locations. In fact, the cortical network activated with
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fMRI by our version of the N-back task is typical for spatial
working memory tasks involving the left and right dorso-
lateral prefrontal cortex as well as bilaterally in the parietal
cortex (3, 5). Given that the region that most clearly differ-
entiates between patients and comparison subjects is the
right dorsolateral prefrontal cortex (5), it is not surprising
that the correlation is found only on that side.

The physiological role of N-acetylaspartate in neurons
has yet to be fully elucidated. In the mature brain (when
glial and neuronal cells are completely differentiated), N-
acetylaspartate is found almost exclusively in neurons and
in highest concentrations in pyramidal glutamatergic
neurons (28). A recent in vitro study has also reported that
oligodendrocytes express small concentrations of N-
acetylaspartate (29). N-Acetylaspartate synthesis takes
place in the mitochondria (30), is ADP dependent (30),
and is tightly coupled to glucose metabolism (31). The
synthetic reaction is a transamination catalyzed by L-as-
partate-N-acetyl transferase that uses glutamate (source
for aspartate) and either pyruvate or 3-hydroxybutyrate
(source of Acetyl CoA) as substrates (30). Moreover, N-
acetylaspartate acts via the glutamatergic NMDA receptor
to elevate intracellular calcium (32); its concentrations are
reduced by pharmacological inhibition of mitochondrial
energy metabolism; and it correlates highly with the rela-
tive reduction of ATP and O, consumption (16). All these
findings are consistent with a recent proposal that N-
acetylaspartate serves as an osmolyte used by molecular
water pumps to expel metabolic water out of neurons (33).
In this model, it has been tentatively calculated that 1 mol
of N-acetylaspartate is produced for 40 mol of glucose or
glucose equivalent oxidized in the brain (33), once again
stressing the relationship between N-acetylaspartate and
glucose metabolism. This basic science literature is paral-
leled by a series of studies in humans that have demon-
strated the reversibility of N-acetylaspartate reductions,
thereby suggesting that N-acetylaspartate is sensitive to
pathological processes affecting the functioning of neu-
rons (16-21). Moreover, a recent study in healthy subjects
and patients with dementia combining 'H-MRSI and
['8F]fluorodeoxyglucose positron emission tomography
has demonstrated a positive linear relationship between
cerebral metabolic rates for glucose and N-acetylaspartate
concentrations in cortical gray matter (20). All these stud-
ies suggest that N-acetylaspartate concentrations may
vary according to the metabolic status of neurons, espe-
cially pyramidal neurons.

A limitation of the present study is that we did not mea-
sure absolute concentrations of N-acetylaspartate. How-
ever, the pattern of reductions and of correlations strongly
suggests that N-acetylaspartate levels are accounting for
the changes and the correlations (34). Another limitation
is that we cannot address the gray or white matter origin of
these N-acetylaspartate effects because of lack of tissue
segmentation. This is important because a 1.4-ml voxel
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TABLE 1. Demographic and Clinical Characteristics of
Patients With Schizophreniform Disorder and Healthy
Comparison Subjects Who Underwent Proton Magnetic
Resonance Imaging to Measure N-Acetylaspartate Levels

Patients Comparison
(N=24) Subjects (N=24)
Characteristic Mean SD Mean SD
Age (years) 237 6.1 240 6.1
Socioeconomic status 27.4 149 27.7 13.2
Length of illness (days) 43.6 44.6
Number of voxels in region of interest
Hippocampal area 11.7 24 121 2.1
Dorsolateral prefrontal cortex 158 6.0 17.1 2.8
All other regions of interest 8.6 2.1 8.7 22

placed in the cortex certainly contains sulcal CSF (no N-
acetylaspartate) and white matter (lower N-acetylaspar-
tate than gray matter—as shown by Lim et al. [35]). There-
fore, a systematic difference in voxel placement/selection
could result in different tissue composition in the voxels
between groups and account for differences in the mea-
sured spectra. Also, use of ratios only partially addresses
this limitation, since there is evidence that metabolites
can vary independently (36). To try to address the poten-
tial confounder addressed by segmentation correction,
i.e., biased voxel placement or anatomical variation in tis-
sue compartments across groups, we performed further
analyses. CSE white matter, and gray matter have different
T, relaxation, thus providing different signal intensities.
On the basis of this principle, we reasoned that if the dor-
solateral prefrontal cortex and the hippocampal area con-
tained systematically different quantities of CSE white
matter, and gray matter in patients and comparison sub-
jects, some difference in signal intensity in those regions
of interest should be measurable between the two groups.
Therefore, we superimposed the spectroscopic regions of
interest from the dorsolateral prefrontal cortex and the
hippocampal area onto the T;-weighted images and mea-
sured the signal intensity. Since the signal intensity can be
influenced by several factors in each individual, we then
normalized the signal intensity from the region of interest
to the signal intensity of the whole MRI slice. Statistical
comparison between patients and comparison subjects
on the normalized signal intensity from the dorsolateral
prefrontal cortex and the hippocampal area did not reveal
any significant difference (all t<1.4, all p>0.20). Also, the
number of voxels included in regions of interest did not
systematically differ between patients and comparison
subjects (all t<1, all p>0.20) (Table 1).

In conclusion, the results of the present study suggest
that neuronal pathology in the hippocampal area and the
dorsolateral prefrontal cortex may be present even at the
onset of schizophrenia and is not the result of chronicity.
Moreover, the neuronal changes in the dorsolateral pre-
frontal cortex monitored with this assay seem to be associ-
ated with poor performance on working memory tasks.
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