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Proton Magnetic Resonance Spectroscopy in
the Frontal and Temporal Lobes of Neuroleptic

Naive Patients with Schizophrenia
Kim M. Cecil, Ph.D., Robert E. Lenkinski, Ph.D., Raquel E. Gur, M.D., Ph.D., and Ruben C. Gur, Ph.D.

Studies with proton magnetic resonance spectroscopy
(MRS) have reported abnormalities in N-acetyl-aspartate
(NAA), amino acids (AA) and choline (Cho) to creatine
(Cr) ratios associated with schizophrenia. We report data on
the three ratios in a sample of 18 neuroleptic naive patients
with first-episode schizophrenia (eight studied in the
dorsolateral prefrontal and 10 in the midtemporal lobe) and
24 healthy controls (14 studied in prefrontal and 10 in
midtemporal lobes). Frontal lobe proton spectra were
acquired with the stimulated-echo acquisition mode
(STEAM) pulse sequence (echo time 21 ms, repetition time
2 s). Temporal lobe proton spectra were acquired with the
point-resolved spectroscopy (PRESS) pulse sequence (echo

time 16-21 ms, repetition time 2 s). Upon comparison with
normal controls, NAA/Cr ratios were reduced in patients
both for the frontal and the temporal lobe. By contrast,
Cho/Cr ratios were slightly elevated in frontal and reduced
in temporal lobes; whereas, AA/Cr ratios were normal in
frontal and markedly increased in the temporal lobe. The
reduced NAA/Cr ratios suggest lower neuronal viability in
patients and is consistent with findings of reduced brain
volume in both frontal and temporal regions.
[Neuropsychopharmacology 20:131-140, 1999]
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Magnetic resonance imaging (MRI) and spectroscopy
(MRS) provide noninvasive, risk-free methods with
which to study the origins and the time course of pro-
gression of neuropsychiatric disorders. The develop-
ment of spatial localization methods, which sample the
relative levels of mobile metabolites from a volume of
tissue defined from an MR image, has provided a basis
for integrating the biochemical information obtained by
MRS with the anatomical and pathological information
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obtained from MRI. In vivo MRS studies of schizophre-
nia have examined two primary nuclei, phosphorus
(Calabrese et al. 1992; Deicken et al. 1995; Keshavan et
al. 1991; Keshavan et al. 1993; Pettegrew et al. 1993,
1995, 1991; Shioiri et al. 1994; Stanley et al. 1995b; Stan-
ley et al. 1994) and proton (Bertolino et al. 1996, Buckley
et al. 1994; Choe et al. 1994; Fukuzako et al. 1995; Nas-
rallah et al. 1994; Radda and Taylor 1985; Stanley et al.
1996; Yurgelun-Todd et al. 1996; Yurgelun-Todd et al.
1993). Phosphorus MRS can detect alterations in the
levels of compounds involved in the bioenergetics of
cellular metabolism, such as inorganic phosphate, aden-
osine triphosphate (ATP), and phosphocreatine. Addi-
tional composite resonances from phosphorus mono-
esters (PME) and phosphorus diesters (PDE) can also be
detected. Phosphorus MRS in schizophrenia research
has revealed abnormalities with high-energy phos-
phates as well as alterations in membrane phospholipid
metabolism (Pettegrew et al. 1995). Proton MRS can de-
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tect brain metabolites such as N-acetyl-aspartate (NAA),
creatine (Cr), choline (Cho), myo-inositol (mlI), macro-
molecule proteins, and amino acids (AA). NAA ranks
as the second most prevalent amino acid in the brain.
Because NAA is found exclusively in neurons (Birken
and Oldendorf 1989), NAA/Cr levels may reflect neu-
ronal viability and integrity. Creatine is a compound in-
volved in the regulation of cellular energy metabolism.
The creatine resonance observed by proton MRS, is a
combination of creatine and phosphocreatine. Trimethyl
ammonium residues primarily representing choline are
detected with MRS. The choline resonance is a compos-
ite of a number of choline-containing compounds. These
include phosphocholine, glycerophosphocholine, ace-
tylcholine, and cytidine diphosphate choline, as well as
choline itself. However, the most prominent form of
choline in the brain, phosphatidylcholine, is, for the
most part, not detected by MRS because of its restricted
immobile form (Cohen et al. 1995). Choline levels are in-
herently linked to membrane biochemistry, and changes
in choline levels may reflect pathological changes in these
structures. Myo-inositol has been identified as a glia-
specific marker (Brand et al. 1993). Most of the MRS
literature has reported the resonances between 2.2 and
2.6 ppm as a composite of glutamate, glutamine, gamma-
amino butyric acid (GABA), and aspartate. Behar re-
ported the detection of broad resonances from macro-
molecules that underlie a significant portion of proton
MRS window from 1.9 to 2.6 ppm (Behar et al. 1994).
These resonances are broader than the resonances from
simple amino acids, such as glutamate, glutamine, and
GABA. For convenience, we use a generic term, amino
acid (AA), to describe this composite of resonances in
the region between 2.2 and 2.6 ppm of the proton spec-
trum. This region will have a component of proton me-
thylene resonances from macromolecule proteins as well
as such amino acids as glutamate, glutamine, aspartate,
and GABA.

Although the definitive assignment of the reso-
nances in the AA region of the in vivo proton MR spec-
trum remains debated, the ability of proton MRS to de-
tect glutamate may be of particular importance for
schizophrenia because of the glutaminergic hypothesis
for this disorder (Coyle 1996; Olney and Farber 1995).
Studies on the pathophysiology of schizophrenia have
reported neuroanatomical, neurochemical, and neuro-
physiologic changes in frontotemporolimbic systems
(Gur and Pearlson 1993; Kotrla and Weinberger 1995),
and the possibility of neuronal dysfunction and in-
creased excitation has also been suggested (Gur et al.
1995; Olney and Farber 1995).

Spectroscopy studies have reported abnormalities in
several brain regions in schizophrenia, including the
frontal lobe, temporal lobe, hippocampus—amygdala,
and basal ganglia (Bertolino et al. 1996; Buckley et al.
1994; Calabrese et al. 1992; Choe et al. 1994; Deicken et
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al. 1995; Fukuzako et al. 1995; Keshavan et al. 1991; Ke-
shavan et al. 1993; Nasrallah et al. 1994; Pettegrew et al.
1993; Pettegrew et al. 1995; Radda and Taylor 1985;
Shioiri et al. 1994; Stanley et al. 1995b; Stanley et al.
1994; Stanley et al. 1996; Yurgelun-Todd et al. 1996;
Yurgelun-Todd et al. 1993). These metabolic findings
converge with reports of volume reduction and aber-
rant functional activity for glucose metabolism and ce-
rebral blood flow in these brain regions (Gur et al. 1995;
Gur and Pearlson 1993; Kotrla and Weinberger 1995).
For example, lower NAA levels in temporolimbic brain
regions in schizophrenia (Bertolino et al. 1996; Fuku-
zako et al. 1995; Renshaw et al. 1995; Yurgelun-Todd et
al. 1996; Yurgelun-Todd et al. 1993) are consistent with
reports of volume reduction in neuroanatomic MRI ex-
aminations (Barta et al. 1990; Breier et al. 1992; Lieber-
man et al. 1992; Shenton et al. 1992; Suddath et al. 1989)
and with postmortem abnormalities. (Arnold et al.
1995; Bogerts et al. 1990; Brown et al. 1986; Jeste and
Lohr 1985). Detection of amino acids, which would in-
clude glutamate, remains essential for assessing the
presence of excitatory dysfunction.

Most proton MRS studies in schizophrenia have
been conducted in patients who have been ill and
treated for several years. The importance of examining
neuroleptic naive first-episode patients has been recog-
nized in neurobiologic investigations. MRS provides a
unique biochemical measure that may be altered in the
presence of neuroleptic medications. Thus, the assess-
ment of the neuroleptic naive should be of great inter-
est. However, this strategy has been applied in a limited
way to MRS research (Buckley et al. 1994; Choe et al.
1994; Pettegrew et al. 1991; Stanley et al. 1995b; Stanley
et al. 1996). This may reflect the difficulty in accruing
this patient population. The goal of the present study
was to determine, in neuroleptic naive first-episode pa-
tients, alterations of the metabolites detectable by pro-
ton MRS in frontal and temporal lobe regions impli-
cated in schizophrenia.

METHODS
Subjects

Eighteen neuroleptic naive first-episode patients and 24
healthy controls participated. They were included in
two samples evaluated consecutively. The first study of
the frontal lobe (FRO) included eight patients (six men,
two women) and 14 controls (nine men, five women).
The second study of the temporal lobe (TEM) included
10 patients (six men, four women) and 10 controls (six
men, four women). The studies were sequential, FRO
first and TEM second, and participants were consecu-
tive admissions to the Mental Health Clinical Research
Center (MHCRC) who met study requirements. This
between-subjects design was necessitated by the length
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of the procedure permitting evaluation of the inte-
grated neuroanatomic and metabolic measures during
the same imaging session. The decision was based on
our experience with first-episode patients who can gen-
erally tolerate such studies without medication and with
support throughout the procedure. The age (mean =
SD) of the subject groups in the frontal region was 26.4 *
6.6 years for patients and 27.7 = 6.8 for controls and in
the temporal region was 27.0 £ 5.0 and 34.2 * 6.2. Be-
cause the controls with temporal lobe measures turned
out to be significantly older than the controls with fron-
tal lobe measures, t = 2.40, df = 22, p = .025, analyses
were repeated, entering age as a covariate. This did not
affect the results reported.

The patients were first-episode and neuroleptic na-
ive individuals assessed and followed by the Mental
Health Clinical Research Center (MHCRC). For all, it
was the first psychiatric presentation. They were re-
ferred from the acute schizophrenia in-patient service at
the Hospital of the University of Pennsylvania (n = 16)
and two were studied as outpatients. Patients had a
DSM-1V diagnosis of schizophrenia (1 = 10) or schizo-
phreniform disorder (1 = 8) established by comprehen-
sive medical, neurological, and psychiatric evaluations
(SCID-P) (Spitzer et al. 1994a), as detailed earlier (Gur et
al. 1991). Age of onset was defined as the presentation
of psychotic symptoms in the context of functional de-
cline. This was determined by history obtained from
patient, family, medical, and school records. MRS stud-
ies were conducted upon admission before administra-
tion of neuroleptics. The MHCRC has extensive experi-
ence in assisting patients through neuroimaging studies.
They were followed longitudinally, and all patients
with schizophreniform disorder at study entry (five
men, three women) who met criteria for schizophrenia
at follow-up are included. The healthy controls, recruited
by newspaper advertisement, were free of medical,
neurological, and psychiatric disorders (Spitzer et al.
1994b). Thus, subjects had no history of a disorder or
event that might potentially affect brain function, ex-
cept for schizophrenia in the patients. Informed consent
was obtained before participation in the study. Sample
characteristics are presented in Table 1.

MRS Procedures

Magnetic resonance studies were performed ona 1.5 T
Signa MR Scanner equipped with a spectroscopy soft-
ware package (GE Medical Systems, Milwaukee, WI,
USA). The standard head coil was employed for the
routine anatomical imaging sequence (sagittal T1- and
axial T2-weighted) and image-guided single-voxel
spectroscopic acquisition. The dorsolateral prefrontal
region was studied using a stimulated-echo acquisition
mode (STEAM) localization technique. The single vol-
ume of interest (VOI) was of the dimensions 20 mm X
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Table 1. Clinical Characteristics of Patients

Frontal Lobe Temporal Lobe

Mean SD Mean SD
Age 26.4 6.6 27.0 5.0
Education 13.0 1.8 13.5 2.6
Age at onset 21.4 4.6 23.4 44
In/outpatient 7/1 9/1
Schizophreniform 2 6
Schizophrenia 6 4
BPRS (total) 46.2 6.3 444 14.8
SANS* 1.7 9 2.2 1.0
SAPS® 2.4 4 2.3 1.0

“Represents the average of the global ratings across subscales.

20 mm X 20 mm. The VOI was placed blindly to diag-
nosis by trained investigators using standard anatomic
landmarks and procedures developed in our laboratory
for regional MRI measurements. (Cowell et al. 1994;
Turetsky et al. 1995) (see Figure 1a). The voxel was posi-
tioned just above the ventricles in predominantly white
matter based upon the anatomic images. Water sup-
pression was achieved by using three chemical shift-
selective (CHESS) radio-frequency pulses followed by a
dephasing gradient applied on each of the three axes.
The sequence parameters included the following: spec-
tral bandwidth of 2,500 Hz, TR 2,000 ms, TE 21 ms, mix-
ing time 10.6 ms, 2,048 complex points 8-step phase cy-
cling, and 256 acquisitions. The midtemporal region
was studied using a point-resolved spectroscopy se-
quence (PRESS). The single volume of interest (VOI)
was of the dimensions 15 mm X 15 mm X 20 mm, and
placed following the same procedures as the frontal re-
gion using anatomic landmarks for the midtemporal re-
gion (see Figure 1b). The voxel was positioned along
the superior temporal gyrus based upon the anatomic
images. Water suppression was achieved by using three
(CHESS) radio-frequency pulses followed by a dephas-
ing gradient applied on each of the three axes. The se-
quence parameters included the following: spectral
bandwidth of 2,500 Hz, TR 2,000 ms, TE 16-21 ms, 2,048
complex points 8-step phase cycling, and 256 acquisi-
tions. Gradient shimming on the VOI and optimization
of the water suppression were performed before the
start of the acquisition. The left or the right hemisphere
were measured in a counterbalanced order. More re-
cently our efficiency improved to where, in some sub-
jects (five patients, five controls), we were able to mea-
sure both hemispheres without compromising the quality
of the study. Although it may lessen a lateralized effect,
in these cases the average of the two hemispheres was
used. The spectral acquisition time was 8 to 10 min per
voxel, and the total examination time, including MRI
and MRS studies, approximated 1 hour.
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Figure 1.

(a) Iustration of the placement for voxel of interest (VOI) in the dorsolateral prefrontal region; (b) illustration of

the placement for voxel of interest (VOI) in the midtemporal region.

The data used in this report was accrued over the
course of several years. Original data acquisition was
performed using STEAM for localization in the frontal
lobe. At that time, STEAM was more robust than
PRESS. STEAM provides greater voxel delineation defi-
nition than PRESS. In the region of the frontal lobe, the
lipids originating from the scalp and the susceptibility
artifacts from the sinuses can interfere with metabolite
detection. Although PRESS can be used in the frontal
lobe, artifacts may contaminate the spectra. As MR
technology progressed, the PRESS localization method
employed digitally crafted pulses. The improvement of
the PRESS sequence at 1.5 T makes it very attractive to
use on the temporal lobe at a site above the ear. Soft-
ware upgrades changed the limit on the lowest avail-
able echo time for PRESS resulting in our reported
range of 16 to 21 ms. The differences in echo time have a
minimal effect on the spectra at echo times below 50 ms.
(Ernst and Hennig 1991). Studies varying the echo time
from 16 to 21 ms were performed in our laboratory on
phantom solutions of brain metabolites as well as nor-
mal volunteers confirming no significant effect. Multi-
ple scans at each echo time were obtained in the phan-

tom solutions. The major metabolite ratios (NAA/Cr,
Cho/Cr, and ml/Cr) show a sample variance less than
0.005. The areas obtained from the amino acid region
demonstrate a sample variance of less than 0.00003.

These two localization methods provide similar in-
formation and have equivalent power to detect changes.
However, the results from the localization methods
cannot be directly compared. The patient data are com-
pared with data from healthy controls in a particular
region.

A future aim of this protocol is to compare proton
MRS data obtained at 1.5 T with that at 4 T. The pulse
power requirement of spectroscopy localization tech-
niques at high field is larger than that at 1.5 T. Current
limitations with coil designs and other hardware at 4 T
make it more technically feasible to perform STEAM for
these comparison studies.

The spectral processing was performed with Pro-
NMR (Softpulse Software, Guelph, Ontario, Canada)
using zero filling to 4 K datapoints, 1 Hz line broaden-
ing applied in the time domain, Fourier transformation,
and zero-order phase and baseline correction. Areas
under the peaks, including the AA region, were esti-
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mated using a Marquardt fitting routine to Lorentzian
lineshapes in the frequency domain. From this method,
metabolite ratios were calculated. Subtraction of the fit-
ted spectrum with the raw spectrum shows only residu-
als that are the same as the amplitude of the baseline
noise.

The biochemical information obtained using single-
voxel proton MRS for specific regions provided a vari-
ety of metabolic measures that distinguished cell loss
from differences in neurotransmitter activity. Typical
'H single-voxel spectra obtained from the frontal lobe
and the temporal lobe in study subjects, controls and
patients, are shown in Figures 2 to 5. The voxel dimen-
sions for these studies were typically 4.5 cm® or 8 cm®.
Several peaks can be readily identified from the spectra.
The peak assignments were made based upon the pub-
lished literature, and the chemical shifts were deter-
mined using NAA as a chemical shift standard. The fol-
lowing metabolites were identified: N-acetyl aspartate
(NAA, 2.0 ppm, 2.6 ppm), creatine and phosphocre-
atine (Cr, 3.0 ppm, 3.9 ppm), choline-containing com-
pounds (Cho, 3.2 ppm) and myo-inositol (ml, 3.5 ppm).
The region between 2.1 and 2.6 ppm contains peaks
from macromolecule proteins along with glutamate,
glutamine, gamma-amino butyric acid (GABA), and as-
partate residues. These peaks could not be resolved be-
cause of the overlap of resonances. Other peaks from
glutamate and glutamine are present in the region be-
tween 3.6 and 3.8 ppm. Residual lipid signals as well as
macromolecule proteins were identified in the region
between 0.5 and 1.5 ppm.

NAA

Cr

Cho
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Data Analysis

The ratios for each region served as dependent mea-
sures in a single multivariate analysis of variance
(MANOVA), with two grouping factors: Diagnosis (pa-
tients, controls) by Region group (FRO, TEM), and one
repeated-measures factor: Index (NAA/Cr, Cho/Cr,
AA/Cr). Significant interactions were decomposed
with univariate analyses of variance (ANOVAs) and
further with ¢ statistics using 2-tailed tests (Michels and
Rosner 1996; Rothman 1990).

RESULTS

Water-suppressed proton spectroscopy was employed
in the initial metabolic assessment of neuroleptic naive
patients. We examined the frontal and temporal regions
implicated in schizophrenia to determine NAA/Cr,
Cho/Cr, and AA/Cr indices. Our finding of a 3-way in-
teraction of diagnosis by region by index suggests re-
gionally specific abnormalities in schizophrenia. In the
frontal region, we observed reduced NAA, slightly in-
creased Cho, and normal AA ratios. In the temporal re-
gion, all indices were abnormal, with reduction of both
NAA and Cho, while AA was markedly elevated. The
amino acid region consisted of composite resonances
between 2.2 and 2.6 ppm.

The overall MANOVA showed significant main ef-
fects of Diagnosis, Hotelling-Lawley Trace = 0.98, F =
11.78, df = 3,36, p < .0001, Region, Hotelling-Lawley

Figure 2. Proton spectra of left dorsolateral
prefrontal region of a neuroleptic naive patient
acquired with the STEAM pulse sequence.
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Figure 3. Proton spectra of left dorsolateral
prefrontal region of a healthy control acquired
with the STEAM pulse sequence.
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Trace = 048, F = 5.80, df = 3,36, p = .0024, and Index,
Hotelling-Lawley Trace = 2.63 F = 48.66, df = 2,37, p =
.0001. There was a Diagnosis x Region interaction, Ho-
telling-Lawley Trace = 0.83, F = 9.96, df = 3,36, p =
.0001, Diagnosis x Index interaction, Hotelling-Lawley
Trace = 0.82, F = 15.24, df = 2,37, p = .0001, and an In-
dex x Region interaction, Hotelling-Lawley Trace =
0.39, F = 7.15, df = 2,37, p = .0024. The three-way inter-
action of Diagnosis x Region x Index was also highly
significant, Hotelling-Lawley Trace = 0.76, F = 14.04,
df = 2,37, p < .0001.

NAA

Cr
Cho

Followup ANOVAs for the FRO group showed sig-
nificant main effects of Diagnosis, F = 16.69, df = 1,20,
p = .0006, and Index, F = 82.36, df = 2,40, p = .0001,
and a Diagnosis x Index interaction, F = 23.56, df =
2,40, p = .0001. As can be seen in Figure 6a, this re-
flected lower NAA/Cr ratios in patients compared to
controls, t = 7.01, df = 20, p = .0001, higher Cho/Cr ra-
tios in patients, t = —2.39, df = 20, p = .0266, and equal
values of AA/Cr.

The same analysis for the TEM group did not show a
main effect of Diagnosis, F < 1, but a main effect for In-

Figure 4. Proton spectra of right midtempo-
ral region of a neuroleptic naive patient
acquired with the PRESS pulse sequence.
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Figure 5. Proton spectra of right midtempo-
ral region of a healthy control acquired with
the PRESS pulse sequence.

NAA
Ch
° Cr
ﬂ AA
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ppm

dex, F = 3.91, df = 2,36, p = .0289 and a Diagnosis x In-
dex interaction, F = 10.05, df = 2,36, p = .0003. As can
be seen in Figure 6b, patients compared to controls had
both lower NAA/Cr ratios, t = 2.54, df = 17, p = .0210,
and lower Cho/Cr ratios, t = 3.15, df = 17, p = .0059, but
higher AA/Cr ratios, t = 2.76, df = 11.3, p = .0181 [df are
for unequal variances because the variance for patients
was significantly higher, F* = 7.76, df = 9,9, p = .005].

DISCUSSION

The NAA/Cr reduction in the frontal lobe replicates
earlier reports, (Bertolino et al. 1996; Choe et al. 1994)

and is consistent with the hypothesis of decreased neu-
ronal viability. Reduced NAA/Cr suggests synaptic
pruning or other neuronal or axonal loss (Feinberg
1982). The evaluation in the Cho/Cr ratio may be indic-
ative of alterations in lipid metabolism in the frontal
lobe. This also corroborates findings from structural
MRI studies that reported reduced frontal lobe volume
in schizophrenia (Andreasen et al. 1990), and some
functional imaging studies reporting reduced cerebral
blood flow and glucose metabolism (Gur and Pearlson
1993; Kotrla and Weinberger 1995). The results for the
temporal lobe suggest neuronal loss in this region, but
the mechanism for this loss may be different, because
the level of choline is also reduced, whereas, the level of

e CTL
a. FRONTAL b. TEMPORAL
2.5 2.5 —4— S
Figure 6. (a) Metabolite ratios
(mean * SEM) for NAA, Cho,
21 2 and AA to Cr in the frontal lobes
of patients with schizophrenia
- (filled diamonds) and healthy
Q 1.5 1.5+ controls (open diamonds); (b)
o : metabolite ratios (mean = SEM)
: ] for NAA, Cho, and AA to Cr in
c 1 14 the temporal lobes of patients
] with schizophrenia (filled dia-
monds) and healthy controls
0.5 0.5 (open diamonds).
0 T T 0 T T
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amino acids, the peaks that resonate between 2.2 and
2.6 ppm, increased. The effects in the temporal lobe re-
gion follow along with earlier findings for NAA and
Cho (Fukuzako et al. 1995; Renshaw et al. 1995; Yurge-
lun-Todd et al. 1996; Yurgelun-Todd et al. 1993) and are
consistent with the hypothesis of temporal lobe dys-
function in schizophrenia (Gur et al. 1994; Gur et al.
1995). The observation of increased AA, which includes
resonances attributable to proteins and amino acids,
can be examined within the context of schizophrenia.
The elevations in this region of the spectrum could be
attributed to an elevation of glutamate in the temporal
lobe, perhaps associated with abnormally high levels of
neuronal excitation. The effect should be replicated on
larger samples to merit speculation on its significance for un-
derstanding the pathophysiology of schizophrenia. However,
several investigators have hypothesized increased gluta-
minergic activity (Coyle 1996; Olney and Farber 1995;
Stanley et al. 1995a) and neuronal “overactivation” (Gur
et al. 1995). Alternatively, GABA, a major inhibitory neu-
rotransmitter, has also been implicated in schizophrenia.
Our results could suggest a process that results in the
elevation of GABA. However, because glutamate is the
most abundant free amino acid in the brain, and GABA
is found much lower in concentration levels, our find-
ings hold more relevance implicating a glutamatergic
process. Relative abundance is not the only criteria for
MR visibility. Factors such as mobility and sampling
echo time will influence signal intensities and areas.
The inability to resolve the large number of composite
resonances along with MR visibility factors prohibits
definite assignment of amino acid resonances. Future
MRS studies will need to employ techniques (spectral
editing) or MRS at higher field strengths (i.e., 4 T) to ex-
amine these metabolites separately. The significant finding
of this report is to note the elevation of composite resonances.
Other studies have corrected for the degree of over-
lap between NAA and the broad amino acid resonances
in the MRS spectral window from 1.9 to 2.6 ppm (Stan-
ley et al. 1996). After applying a correction, the study re-
ported no significant differences in the NAA level in the
left dorsolateral prefrontal cortex. Accounting for the
increased AA/Cr in our report along with decreased
NAA/Cr would have the opposite result, compared to
that of the prior report (Stanley et al. 1996). As demon-
strated in our spectra (Figures 2-5), the region between
0.5 and 1.5 ppm shows either a single broad resonance
or multiple resonances in both patients and healthy
controls. This region has been attributed to lipids as
well as to macromolecule proteins. The regions selected
for spectroscopy (dorsolateral prefrontal and midtem-
poral) are subject to lipid signal as well as susceptibility
artifacts that arise from the scalp and sinus cavities.
These signals routinely appear between 0.5 and 1.5
ppm. However, the region between 2.2 and 2.6 ppm in
patient and healthy control temporal lobe spectra (Fig-
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ures 4, 5) demonstrates the elevation of amino acids
typically observed in the patients without signal con-
tamination from lipids and artifacts.

The presence of the abnormalities we have observed
in first-episode patients, studied before any neuroleptic
exposure, negates the possibility that they are a result of
medication. However, the timing of these processes
cannot be determined. The disease onset, defined by
presence of psychotic symptoms in the context of func-
tional decline, antecedes first psychiatric presentation
by 4 to 5 years. Thus, even when patients are accrued at
their first episode, the disease process has taken its
course. On the other hand, the metabolic abnormalities
are evident in schizophrenia patients where duration of
illness was less than 6 months. Keshavan et al. 1991) de-
scribed a patient who exhibited PME and PDE levels in
the P-31 MRS spectra (similar to those reported above
for schizophrenia) well before the development of psy-
chotic symptoms. The possibility of synaptic pruning
(Feinberg 1982; Huttenlocher 1979) in schizophrenia
has been suggested in postmortem data where cytoskel-
etal abnormalities were noted in brains of patients who
had schizophrenia (Arnold et al. 1991). This abnormal
pruning could result in neuronal loss, as well as an up-
regulation of the postsynaptic dopaminergic receptors.
The net result of these processes would decrease the
NAA/Cr levels observed by proton MRS.

This study has several limitations, thus its results
should be considered as encouraging, but preliminary.
Most importantly, the sample size in each group is
small and precludes correlation with clinical data. Fu-
ture studies can use faster acquisition protocols and ob-
tain data on multiple regions in the same subject, and
this will enhance the power of contrast between frontal
and temporal effects that, in the present study, were
made in a between-subjects design. Such studies can
also obtain simultaneous bilateral measures for testing
the hypothesis of lateralized dysfunction in schizophre-
nia (Gur et al. 1995). The intersubject positioning of the
voxel in the frontal and temporal lobes may be another
variable. While attempting to minimize susceptibility
factors (sinus, ear, skull cavity), voxel position between
subjects may vary. Different locations and different in-
clusion of gray and white matter can contribute to dif-
ferent metabolite levels increasing the variability of the
results. This is particularly important with the amino
acid resonances. Also, the comparison with previous
studies mentioned may be of limited utility, because
many were performed in the mesial temporal lobe at a
level caudal than the present study. Although this
study had a 7 year age difference between some normal
and schizophrenia subjects in the temporal region, a
recent study found no significant difference in the base-
line choline levels of normal subjects (Cohen et al. 1995).
Furthermore, when corrected for age, the metabolite in-
dices maintained their significant difference. Finally,
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the present study is cross-sectional and does not permit
correlations between changes in metabolites and clini-
cal response. These limitations notwithstanding, the re-
sults suggest that early cellular dysfunction may be
associated with the neuroanatomic and functional abnor-
malities observed already in first-episode schizophrenia.

ACKNOWLEDGMENTS

This research was supported by the National Institute of
Health grants MH-49390, MH-43880, MH-01336, MH-42191,
RR-0040, and RR-02305.

REFERENCES

Andreasen NC, Ehrhardt JC, Swayze VW 2d, Alliger R], Yuh
WT, Cohen G, Ziebell S (1990): Magnetic resonance
imaging of the brain in schizophrenia. The pathophysio-
logic significance of structural abnormalities. Arch Gen
Psychiatr 47:35-44

Arnold SE, Franz BR, Gur RC, Gur RE, Shapiro RM, Moberg
PJ, Trojanowski JQ (1995): Smaller neuron size in schizo-
phrenia in hippocampal subfields that mediate cortical-
hippocampal interactions. Am J Psychiatr 152:738-748

Arnold SE, Hyman BT, Van Hoesen GW, Damasio AR
(1991): Some cytoarchitectural abnormalities of the
entorhinal cortex in schizophrenia. Arch Gen Psychiatr
48:625-632

Barta PE, Pearlson GD, Powers RE, Richards SS, Tune LE
(1990): Auditory hallucinations and smaller superior
temporal gyral volume in schizophrenia. Am J Psychiatr
147:1457-1462

Behar KL, Rothman DL, Spencer DD, Petroff OAC (1994):
Analysis of macromolecule resonances in 'H nmr spec-
tra of human brain. Mag Res Med 32:294-302

Bertolino A, Nawroz S, Mattay VS, Barnett AS, Duyn JH,
Moonen CTW, Frank JA, Tedeschi G, Weinberger DR
(1996): Regionally specific pattern of neurochemical
pathology in schizophrenia as assessed by multislice
proton magnetic resonance spectroscopic imaging. Am J
Psychiatr 153:1554-1563

Birken DL, Oldendorf WH (1989): N-acetyl-L-aspartic acid:
A literature review of a compound prominent in 'H-
NMR spectroscopic studies of brain. Neurosci Biobehav
Rev 13:23-31

Bogerts B, Falkai P, Haupts M, Greve B, Ernst S, Tapernon-
Franz U, Heinzmann U (1990): Postmortem volume
measurements of limbic system and basal ganglia struc-
tures in chronic schizophrenics: Initial results from a
new brain collection. Schiz Res 3:295-301

Brand A, Richter-Landsberg C, Leibfritz D (1993): Multinu-
clear NMR studies on the energy metabolism of glial
and neuronal cells. Dev Neurosci 15:289-298

Breier A, Buchanan RW, Elkashef A, Munson RC, Kirkpatric
B, Gellad F (1992): Brain morphology and schizophrenia:
A magnetic resonance imaging study of limbic, prefron-
tal cortex, and caudate structures. Arch Gen Psychiatr
49:921-926

Proton MRS in Neuroleptic Naive Schizophrenics 139

Brown R, Colter N, Corsellis JAN (1986): Postmortem evi-
dence of structural changes in schizophrenia: Differences
in brain weight, temporal horn area, and parahippocam-
pal gyrus compared with affected disorder. Arch Gen
Psychiatr 43:36-42

Buckley PF, Moore C, Long H, Larkin C, Thompson P, Mul-
vany F, Redmond O, Stack JP, Ennis JT, Waddington JL
(1994): 'H-magnetic resonance spectroscopy of the left
temporal and frontal lobes in schizophrenia: Clinical,
neurodevelopmental, and cognitive correlates. Biol Psy-
chiatr 36:792-800

Calabrese G, Deicken RF, Fein G, Merrin EL, Schoenfeld F,
Weiner MW (1992): *'Phosphorus magnetic resonance
spectroscopy of the temporal lobes in schizophrenia.
Biol Psychiatr 32:26-32

Choe BY, Kim TK, Suh TS, Lee C, Paik IH, Bahk YW, Shinn
KS, Lenkinski RE (1994): '"H Magnetic resonance spec-
troscopy characterization of neuronal dysfunction in
drug-naive, chronic schizophrenia. Acad Radiol 1:211-216

Cohen BM, Renshaw PF, Stoll AL, Wurtman R], Yurgelun-
Todd D, Babb SM (1995): Decreased brain choline
uptake in older adults: An in vivo proton magnetic reso-
nance spectroscopy study. JAMA 274:902-907

Cowell PE, Turetsky BI, Gur RC, Grossman RI, Shtasel DL,
Gur RE (1994): Sex differences in aging of the human
frontal and temporal lobes. ] Neurosci 14:4748-4755

Coyle JT (1996): The glutamatergic dysfunction hypothesis
for schizophrenia. Harv Rev Psychiatr 3:241-253

Deicken RF, Calabrese G, Merrin EL, Fein G, Weiner MW
(1995): Basal ganglia phosphorous metabolism in chronic
schizophrenia. Am ] Psychiatr 152:126-129

Ernst Th., Hennig J (1991): Coupling effects in volume selec-
tive 'H spectroscopy of major brain metabolites. Magn
Res Med 21:82-96

Feinberg I (1982): Schizophrenia: Caused by a fault in pro-
grammed synaptic elimination in adolescence? ] Psychi-
atr Res 17:319-334

Fukuzako H, Takeuchi K, Hokazono Y, Fukuzako T, Yamada K,
Hashiguchi T, Obo Y, Ueyama K, Takigawa M, Fujimoto T
(1995): Proton magnetic resonance spectroscopy of the left
medial temporal and frontal lobes in chronic schizophre-
nia: preliminary report. Psychiatr Res 61:193-200

Gur RE, Jaggi JL, Shtasel DL, Ragland JD, Gur RC (1994):
Cerebral blood flow in schizophrenia: Effects of memory
processing on regional activation. Biol Psychiatr 35:3-15

Gur RE, Mozley PD, Resnick SM, Levick S, Erwin R, Saykin
AJ, Gur RC (1991): Relations among clinical scales in
schizophrenia. Am ] Psychiatr 148:472-478

Gur RE, Mozley PD, Resnick SM, Mozley LH, Shtasel DL,
Gallacher F, Arnold SE, Karp JS, Alavi A, Reivich M,
Gur RC (1995): Resting cerebral glucose metabolism in
first-episode and previously treated patients with
schizophrenia relates to clinical features. Arch Gen Psy-
chiatr 52:657-667

Gur RE, Pearlson GD (1993): Neuroimaging in schizophrenia
research. Schiz Bull 19:337-353

Huttenlocher PR (1979): Synaptic density in human frontal
cortex: Developmental changes and effects of aging.
Brain Res 163:195-205

Jeste DV, Lohr JB (1985): Hippocampal pathologic findings



140 K.M. Cecil et al.

in schizophrenia: A morphometric study. Arch Gen
Psychiatr 46:1019-1024

Keshavan MS, Pettegrew JW, Panchalingam KS, Kaplan D,
Bozik E (1991): Phosphorus-31 magnetic resonance
spectroscopy detects altered brain metabolism before
onset of schizophrenia [letter]. Arch Gen Psychiatr
48:1112-1113

Keshavan MS, Sanders RD, Pettegrew JW, Dombrowsky SM,
Panchalingam KS (1993): Frontal lobe metabolism and
cerebral morphology in schizophrenia: 3P MRS and
MRI studies. Schiz Res 10:241-246

Kotrla KJ, Weinberger DR (1995): Brain imaging in schizo-
phrenia. Ann Rev Med 46:113-122

Lieberman ], Bogerts B, Degreef G, Ashtari M, Lantos G,
Alvir J (1992): Qualitative assessment of brain morphol-
ogy in acute and chronic schizophrenia. Am ] Psychiatr
149: 784-794

Michels KB, Rosner BA (1996): Data trawling: To fish or not
to fish. Lancet 348:1152-1153

Nasrallah HA, Skinner TE, Schmalbrock P, Robitaille PM
(1994): Proton magnetic resonance spectroscopy (‘H
MRS) of the hippocampal formation in schizophrenia: A
pilot study. Br ] Psychiatr 165:481-485

Olney JW, Farber NB (1995): Glutamate receptor dysfunction
and schizophrenia. Arch Gen Psychiatr 3:241-253

Pettegrew JW, Keshavan MS, Minshew NJ (1993): *'P nuclear
magnetic resonance spectroscopy: Neurodevelopment
and schizophrenia. Schiz Bull 19:35-53

Pettegrew JW, Keshavan MS, Minshew NJ, McClure RJ
(1995): 3P MRS of metabolic alterations in schizophre-
nia and neurodevelopment. In Nasrallah HA, Pettegrew
JW (eds), NMR Spectroscopy in Psychiatric Brain Disor-
ders. Washington, DC, American Psychiatric Press

Pettegrew JW, Keshavan MS, Panchalingam K, Strychor S,
Kaplan DB, Tretta MG, Allen M (1991): Alterations in
brain high-energy phosphate and membrane phospho-
lipid metabolism in first-episode, drug-naive schizophren-
ics. A pilot study of the dorsal prefrontal cortex by in vivo
phosphorus 31 nuclear magnetic resonance spectroscopy
[see comments]. Arch Gen Psychiatr 48:563-568

Radda GK, Taylor DJ (1985): Applications of nuclear mag-
netic resonance spectroscopy in pathology. Int Rev Exp
Path 27:58

Renshaw PF, Yurgelun-Todd DA, Tohen M, Gruber S,
Cohen BM (1995): Temporal lobe proton magnetic reso-
nance spectroscopy of patients with first-episode psy-
chosis. Am ] Psychiatr 152:444-446

Rothman KJ (1990): No adjustments are needed for multiple
comparisons. Epidemiology 1:43-46

NEUROPSYCHOPHARMACOLOGY 1999—VOL. 20, NO. 2

Shenton ME, Kikinis R, Jolesz FA (1992): Abnormalities of
the left temporal lobe and thought disorder in schizo-
phrenia: A quantitative magnetic resonance imaging
study. N Engl ] Med 327:604-612

Shioiri T, Kato T, Inubushi T, Murashita J, Takahashi S
(1994): Correlations of phosphomonoesters measured
by phosphorus-31 magnetic resonance spectroscopy in
the frontal lobes and negative symptoms in schizophre-
nia. Psychiatr Res 55:223-235

Spitzer RL, Williams JBW, Gibbon M (1994a): Structured
Clinical Interview for DSM-IV-Patient Version (SCID-P).
New York, New York State Psychiatric Institute

Spitzer RL, Williams JBW, Gibbon M (1994b): Structured
clinical interview for DSM-IV: Nonpatient version (SCID-
NP). New York, New York State Psychiatric Institute

Stanley JA, Drost DJ, Williamson PC, Carr TJ (1995a): In vivo
proton MRS study of glutamate in schizophrenia. In
Nasrallah HA, Pettegrew JW (eds), NMR Spectroscopy
in Psychiatric Brain Disorders, vol 47. Washington, DC,
American Psychiatric Press, pp 21-44

Stanley JA, Williamson PC, Drost DJ, Carr TJ, Rylett R],
Malla A, Thompson RT (1995b): An in vivo study of the
prefrontal cortex of schizophrenic patients at different
stages of illness via phosphorus magnetic resonance
spectroscopy. Arch Gen Psychiatr 52:399-406

Stanley JA, Williamson PC, Drost DJ, Carr TJ, Rylett R], Mor-
rison-Stewart S, Thompson RT (1994): Membrane phos-
pholipid metabolism and schizophrenia: An in vivo
31P-MR spectroscopy study. Schiz Res 13:209-215

Stanley JA, Williamson PC, Drost DJ, Rylett R], Carr TJ,
Malla A, Thompson RT (1996): An in vivo proton mag-
netic resonance spectroscopy study of schizophrenia
patients. Schiz Bull 22:597-609

Suddath RL, Casanova MF, Goldberg TE, Daniel DG, Kelsoe
JR, Jr., Weinberger DR (1989): Temporal lobe pathology
in schizophrenia: A quantitative magnetic resonance
imaging study. Am J Psychiatr 146:464—472

Turetsky B, Cowell PE, Gur RC, Grossman RI, Shtasel DL,
Gur RE (1995): Frontal and temporal lobe brain volumes
in schizophrenia. Relationship to symptoms and clinical
subtype. Arch Gen Psychiatr 52:1061-1070

Yurgelun-Todd DA, Renshaw PF, Gruber SA, Waternaux C,
Cohen BM (1996): Proton magnetic resonance spectros-
copy of the temporal lobes in schizophrenics and nor-
mal controls. Schiz Res 19:55-59

Yurgelun-Todd DA, Renshaw PF, Waternaux C, Cohen BM
(1993): 'H MRS of N-acetyl aspartate (NAA) in temporal
lobes of schizophrenia. Biol Psychiatr 133:45



	Proton Magnetic Resonance Spectroscopy in the Frontal and Temporal Lobes of Neuroleptic Naive Patients with Schizophrenia
	METHODS
	Subjects
	MRS Procedures
	Data Analysis

	RESULTS
	DISCUSSION
	Acknowledgements
	References


