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Hippocampal Neuronal Dysfunction in Schizophrenia as 
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Background: Previous neuropathological and neuroim- 
aging studies have documented neuronal loss in the 
hippocampal region in schizophrenia. N-acetylaspartate 
(NU) is a neuronauaxonal marker that may be utilized to 
assess neuronal loss or &sfunction by proton magnetic 
resonance spectroscopy ('H MRS). This study measured 
N U ,  choline, and creatine in the hippocampal region of 
patients with schizophrenia using in vivo proton magnetic 
resonance spectroscopic imaging ('H MRSI). 
Methods: 'H MRSI was performed on the right and lefi 
hippocampal regions in 30 chronic schizophrenic patients 
and 18 control subjects. Concentration estimates of NAA. 
creatine, and choline were determined. 
Results: Relative to the control group, the patients with 
schizophrenia demonstrated significantly lower NAA in 
both the right und left hippocampal regions. N o  group 
differences in choline were noted: however, there was a 
trend for creatine fo be higher on the lefr than the right 
hippocampus in the schizophrenic group. There was also 
no association between NAA and duration of illness or 
medication dosage. 
Conclusions: This preliminary study provides support.fi)r 
neuronal dysfunction a d o r  decreased neuronal density 
in the hippocampal region. The absence of choline signal 
elevation does not support accelerated turnover of mem- 
brane phospholipids, which might be expected 8 rhere 
were ongoing neuronal atrophy or neuronal necrosis. 
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Introduction 
europathological studies in schizophrenia have re- N vealed a variety of hippocampal abnormalities, in- 

cluding reduced volumes of the hippocampus and pata- 
hippocampal gyrus (Bogerts et a1 1985, 1990; Jeste and 
Lohr 1989); decreased hippocampal neuron number and 
size (Falkai et al 1988; Arnold et a1 1991, 1995); and 
cytoarchitectural disturbances (Arnold et a1 199 I, 1995: 
Conrad et a1 1991). These studies support the hypothesis 
that hippocampal neuronal dysfunction plays an important 
role in the pathophysiology of schizophrenia; however, i t  
has not yet been determined to what extent the observed 
tissue pathology in the hippocampal regions is the result of 
abnormal neurodevelopmental or neurodegenerative pro- 
cesses. 

In vivo proton magneljc resonance spectroscopy ('H 
MRS) most commonly measures N-acetylaspartate (NAA), 
choline (Cho), and creatine (Cr). NAA is an amino acid 
thought to be present entirely within neurons and mons but is 
absent in both mature glial cell cultures and tumors of glial 
cell origin (Birken and Oldendorf 1989; Urenjak et a1 1993). 
It has therefore been described as a neuronaVaxonal marker. 
The NAA signal is quite specific for NAA in cortex. while ;I 

small amount of N-acetylaspartylglutamate (NAAG) conmb- 
Utes to the NAA peak in white matter (Frahm et al 1991). A 
reduction in NAA was initially thought to represent loss of 
neurons and/or axons; however, the reversibjlity of NA.4 
reductions in response to acute neuronal and axonal injury 
(Rango et al 1995; De Stefan0 et al 195)5), or inflammation 
secondary to acute demyelinating lesions (Davie et al 1994) 
suggests that decreased NAA is probably associated with 
neuronal or axonal dysfunction as well as neuronal or axonal 
loss. Recent reports also suggest that MRS measurement of 
NAA provides an excellent marker for neuronal viability and 
appears to be more sensitive than magnetic resonance imag- 
ing (MRI) to subtle changes in neuronal loss (Guimaraies et 
al 1995: Ende et a1 19%). Therefore, studies of' regional 
NAA concentrations in the brain are iniportant because they 
can help determine to what extent the documented volume 
and tissue reductions in schizophrenia are the result of 
neuronal/axonal loss v m u s  glial cell loss. 

The Cho signal measured by 'H MRS is derived 
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predominantly from glycerophosphocholine and phospho- 
choline, which are constituents of membrane phospholipid 
metabolism (Barker et a1 1994). It is known to increase 
significantly in conditions characterized by accelerated 
turnover of membrane phospholipids such as multiple 
sclerosis, where there is myelin breakdown; or in brain 
tumors and reactive gliosis, where there is active glial cell 
proliferation (Tedeschi et a1 1995). Decreased NAA along 
with an elevated Cho signal may therefore be useful in 
differentiating between neuronal loss that results in signif- 
icant alterations in membrane phospholipid turnover ver- 
sus neuronal loss that does not. For example, selective 
neuronal loss with increased membrane phospholipid turn- 
over is consistent with active neurodegeneration; however, 
selective neuronal loss without increased membrane turn- 
over is not consistent with such a process. 

The Cr signal measures both matine and phosphocreatine, 
making alterations in the Cr signal somewhat difficult to 
inteIpret. In addition, the simple approach of assuming that 
Cr is constant for utilization as an internal reference for the 
other metabolite peaks of the proton spectrum is no longer 
considered valid (Ross and Michaelis 1994). 

Recent in vivo 'H MRS studies of the temporal lobe 
region in schizophrenia have revealed a number of pre- 
liminary findings that include: 1) no change in NAA in the 
left temporal lobe in schizophrenics (Buckley et al 1994); 
2) decreased N M C r  in both temporal lobes in medicated 
schizophrenics (Yurgelun-Todd et a1 1996); 3) decreased 
NAA/Cr in both temporal lobes in first-episode psychosis 
(Renshaw et al 1995); and 4) decreased N M C r  and 
NANCho together with increased ChdCr in the left 
temporal lobe in medicated schizophrenics (Fukuzako et al 
1995); however, the few studies that have specifically 
examined the hippocampal region in medicated schizo- 
phrenics demonstrated decreased hippocampal NAA mea- 
sures without evidence for increased Cho (Nasrallah et 
al1994; Maier et a1 1995; Bertolino et al 1996b). Cho 
elevations that accompany the NAA reductions may indi- 
cate that different pathological processes are occurring in 
other regions of the temporal lobes compared to the 
hippocampal areas that thus far have been characterized by 
NAA reductions alone. 

Most of the previous 'H MRS studies in schizophrenia 
utilized spectroscopy techniques that restrict data acquisi- 
tion to a single brain volume at a time. 'H magnetic 
resonance spectroscopic imaging ('H MRSI), however, is 
a newer technique that allows spectra from a large number 
of brain volume elements or voxels to be acquired simul- 
taneously. More importantly for this study, the brain 
voxels yielding spectral data are smaller than those ob- 
tained with single volume MRS techniques, allowing for 
more specific examination of brain structures. Therefore, 
we conducted a pilot study utilizing 'H MRSI to determine 

if NAA is reduced bilaterally in the hippocampal regions 
of schizophrenic patients compared to control subjects, 
implying neuronal dysfunction or reduced neuronal den- 
sity in this brain region. A second objective was to 
determine if choline was elevated in regions with de- 
creased NAA, suggesting the presence of active neurode- 
generation. 

Methods and Materials 
Subjects 
Thirty patients who met DSM-IV criteria for schizophrenia (24 
men and 6 women; mean 2 SD age = 38.5 2 10.7 years) and 18 
control subjects (12 men and 6 women; mean t SD age = 
36.2 t 7.1 years) gave written informed consent for participation 
in the study, which was approved by the University of California, 
San Francisco Committee on Human Research. The diagnosis of 
schizophrenia was confirmed using the Structured Clinical Inter- 
view for DSM-111-R. patient edition (SCID-P). Control subjects 
were also assessed using the SCID nonpatient edition (SCID- 
Np). All subjects were right-handed as assessed by the Annett 
Handedness Questionnaire (Annett 1970). All but 2 of the 
schizophrenic subjects were stabilized on neuroleptic medica- 
tion. The demographic and clinical characteristics of the patients 
are shown in Table 1. None of the schizophrenic patients had a 
history of head injury, organic mental disorder, neurological 
disorder, anxiety disorder, or major mood disorder. None of the 
patients had either: 1) lifetime histories of alcohol or substance 
abuse, or 2) clinically significant alcohol or substance abuse in 
the 12 months prior to the study. None of the control subjects had 
any history of significant medical illness, head injury, neurolog- 
ical disorder, psychiatric disorder, or clinically significant alco- 
hol or substance abuse. Eleven contml subjects and 18 schizo- 
phrenic subjects were cigarette smokers. There were no 
significant group differences between patients and controls for 
age or education. 

MRSI Methods 
All MRSI studies were performed on a Siemens 1.5-T Magnetom 
VISION MRYMRS system using a standard circularly polarized 
head coil. The MRI protocol consisted of 1) sagittal T, weighted 
localizer scans; 2) oblique axial double spin echo (DSE) scans 
angulated parallel to the optic necve as seen in the sagittal plane 
[repetition time (TR)lecho time (E),% = 3000/20/80 msec, 
1 .O X 1.4 nun2 resolution, 3-mm-thick slices covering the brain 
from inferior cerebellum to the vertex]; and 3) a magnetization 
prepared rapid gradient echo (MP-RAGE) acquisition ( T W J  
"E = 10/250/4 msec. flip angle 15 degrees. 1.0 X 1.0 mm2 
resolution, 1 .4-mm-thick slices) angulated perpendicular to the 
DSE image planes. yielding T, weighted coronal images. A 
neuroradiologist blind to each subject's clinical status evaluated 
the MRI scans from both controls and patients to determine if 
any structural abnormalities, white matter hyperintensities. 
asymmetry, or atrophy were present. 

MRSI data were acquired using a spin echo MRSI .sequence at 
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Table 1. DcmographidClinical Characteristics of Schizophrenics 

Patient Age (years) Race (sex) (y-1 (DSM-IV) illness Neuroleptic medicarion 

1 47 Black (M) 14 Paranoid 23 Haloperidol 
2 38 Caucasian (M) 14 Paranoid 10 Haloperidol dccanoatc 
3 47 Caucasian (M) 12 Paranoid 
4 43 Caucasian (M) 13 Paranoid 29 Risperidone 

6 43 Caucasian (M) 12 Paranoid 16 Perphmazine 
1 33 Caucasian (M) 15 Undifferentiated 20 Thioridazine 
8 39 Black @I) 13 Paranoid 24 Zotepine 
9 39 Caucasian (F) 16 Undifferentiated 19 Halopaidol 
IO 33 Black (M) 13 Undifferentiated 5 Perphenazine 

12 40 Caucasian (M) 12 Paranoid 9 Risperidone 
13 34 Caucasian (F) 09 Paranoid 14 Chlorpromazine 
14 37 Caucasian (M) 11 Paranoid 12 Perphenazine 
15 42 Caucasian (M) 09 Undifferentiated 25 Fluphenazine 
I6 16 Caucasian (M) 12 Paranoid 01 Risperidone 
17 30 Black (M) 12 Residual I2 Clozapine 
18 52 Black (M) 12 Undifferentiated 18 Perphenazine 
19 55 Caucasian (F) 12 UndifFmntiated 33 Clozapine 
20 32 Caucasian (M) 12 Paranoid 08 Fluphenazine decanoate 
21 40 Caucasian (M) 12 Residual 22 Clozapine 
22 20 Caucasian (M) 12 Undifferentiated 02 Trifluoperazine 
23 33 Black (M) 13 
24 19 Caucasian (M) 14 Undifferentiated 05 Perphenazine 
25 46 Caucasian (p) 16 Paranoid 24 None 
26 29 Caucasian (M) 12 Paranoid 05 None 
27 40 Caucasian (M) 14 Undifferentiated 18 Clozapine 
28 41 Asian (F) 14 UndiffCRUtiated 12 Thiothixene 
29 50 Caucasian (F) 13 Undifferentiated 30 Perphenszine 
30 5.5 Caucasian (M) 16 Undifferentiated 30 Risperidone 
Mean 2 SD 38.5 t 10.7 12.8 t 1.7 17.2 Z 10.7 

Education Diagnosis Years of 

28 Clozapine 

5 59 Caucasian (M) 13 Undifferentiated 45 Risperidone 

I 1  24 Caucasian (M) 12 Paranoid 2 Haloperidol 

Paranoid 15 Thiothixene 

TRITE = 1800/135 msec with preselection of a region of interest 
for point resolved spectroscopy (PRESS). The PRESS volume 
for the hippocampal region was approximately 100 X 60 X I5 
mm3. The MRSI field of view was 210 X 210 mm and was 
sampled using a circular k-space scheme equivalent to a maxi- 
mum of 24 X 24 phase encoding steps (Maudsley et ai 1994). 
resulting in a nominal voxel size of I. 1 ml. The 'H MRSI data 
were zero-filled to a rectangular matrix of 32 X 32 X 1024 
points. Fourier transformed, phase corrected, and baseline cor- 
rected using software developed in-house (Maudsley et al 1992). 
Four-hertz Gaussian line broadening was used in the spectral 
direction, and mild Gaussian apodimtion wa. applied along the 
spatial directions to reduce Gibbs ringing effects, resulting in an 
effective volume of approximately 1.6 mL for the MRSI voxels. 
A reference image of the total 'H signal was spatially registered 
with the higher resolution MR images to select two voxels in 
comparable locations for each subject in the right and left 
hippocampal regions (Figure I ). Individual voxcls were selected 
that were most inclusive of the hippocampal gray matter. 'H 
spectra from these voxels were then coded for blind processing. 
Spectral peaks were processed and fit to Gaussian lineshapes 
using NMR-I data processing software (New Methods Research, 
Inc.. Syracuse, NY) by a single operator, which eliminated 

interrater variance. Intrarater correlation coefficients ranged 
from .93 to .99 for fitting the NAA, Cho, and Cr spectral peaks 
using NMR- 1. Absolute integrals were corrected for differen- 
tial head coil loading using the transmitter reference ampli- 
tude for each subject to obtain concentration estimates of 
NAA. Cho, and Cr. These concentration estimates were 
reported in addition to metabolite peak ratios (NAMCho, 
NANCr. and Cho/Cr) because they may more accurately 
reflect the concentrations of individual metabolites. This is 
due in part to the fact that metabolite ratios must now account 
for alterations in the creatine reference peak, which invalidate: 
its usefulness as an internal reference for the other metabolite 
peaks of the proton spectrum. 

Statistical Analysis 
Repeated-measures analysis of variance (ANOVA) was used to 
test for metabolite differences between the two groups. The 
dependent variable was the concentration estimate for each 
metabolite (NAA, Cho, or Cr): group was the between-subjects 
factor; and side (left versus right) was the within-subjects 
repeated-measures factor. For the a priori planned comparisons 
of NAA, Cho, NANCr, NANCho. and Cho/Cr, the criterion of 
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Figure 1. Axial (left). midsaggital (top right), and coronal (bottom right) MR images from a normal comparison subject showing the 
location of a representative spectroscopy voxel in the right hippocampal region. 

significance level for ANOVA was set at p = .O1 to correct for 
multiple comparisons. Regression analysis was used to examine 
the association between each of the metabolites and illness 
duration as well as neuroleptic dosage in chlorpromazine equiv- 
alents. 

Results 
No structural abnormalities were noted qualitatively on the 
MRI images of the patients or the control group. Relative 
to the controls, NAA values in the schizophrenic patients 
(Table 2) were significantly lower in both the right and left 
hippocampal regions (F  = 1 1.19, df = 1.46, p = .0016). 
The metabolite ratios, NANCr and NANCho, were also 
decreased bilaterally in the schizophrenic group (F  = 
25.66. df = 1,46, p = .ooO1 for NANCr; F = 4.40. df = 
I ,46, p = .04 1 for NANCho) compared to controls. There 
was a nonsignificant side by group interaction for Cr (F = 
4.23, df = 1.46, p = .045), which was due to increased left 
hippocampal Cr in the schizophrenic group. There were no 
significant group differences for either Cho (F = ,002, 
df = 1.46, p = 394) or Cho/Cr (F = 2.53, df = 1,46, p = 
. I  19). and no significant differences for any of the metab- 

olites based on gender, race, or smoking. There were also 
no significant correlations between NAA and either: 1) 
duration of illness (r  = .05. p = .816 for right hippocam- 
pal NAA; r = ,I5, p = .SI for left hippocampal NAA), or 
2) neuroleptic dose in chlorpromazine equivalents ( r  = 
.03, p = 382 for right hippocampal NAA; r = .05. p = 
.81 for left hippocampal NAA). 

Discussion 
The primary finding of this study is significantly reduced 
NAA bilaterally in the hippocampal regions in medicated 
schizophrenic patients compared to control subjects. Since 
NAA is currently considered to be a marker of neuronal 
density or neuronal dysfunction, the NAA findings of this 
study suggest decreased neuronal density and/or neuronal 
dysfunction. In addition. the absence of Cho signal eleva- 
tion does not support a pathological process with increased 
phospholipid membrane turnover that would be occurring 
in this brain region if there were active neurodegeneration. 
Moreover, the absence of a correlation between NAA 
measures and duration of illness in this study and another 
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Table 2. Hippocampal Metabolites 

Mean values * SD 
Controls Schizopknics 
(n = 18) (n = 30) 

NAA" R 36.3 Z 6.1 31.7 2 7.0 
L 39.6 t 6.8 33.8 ? 6.2 

Choline R 24.8 t 4.3 26.4 2 9.7 
L 28.7 t 8.7 27.7 It 8.2 

Creatine R 23.7 C 4.0 23.6 C 5.5 
L 24.7 Z 5.4 28.4 2 6.4 

NANCf' R 1.81 t 0.44 1.35 t 0.39 
L 1.69 t 0.32 1.23 2 0.34 

NANCho R 1.62 2 0.52 1.35 2 0.50 
L 1.46 t 0.38 1.29 2 0.33 

CholCr R 1.18 0.36 I .07 2 0.37 
L 1.24 t 0.45 1.04 2 0.41 

H, right hippocampus; L. left hippocampus. 
'Group difference. p = ,0016. repeated-measures ANOVA. 
"Group difference. p = .oOol, repeated-rneasuns ANOVA. 

recent report (Bertolino et al I996b) suggests that the loss 
of NAA is probably not reflective of an ongoing neuro- 
degenerative process. 

The results of this study are consistent with: 1) other 
recent studies that have demonstrated decreased hip- 
pocampal NAA without increased Cho (Nasrallah et al 
1994: Maier et a1 1995; Bertolino et a1 1996b), and 2) 
neuropathological studies that have documented decreased 
hippocampal volumes and neuron number in schizophre- 
nia (Jeste and h h r  1989; Bogens et a1 1990; Falkai et a1 
1988; Arnold et at 199 1, 1995). The hippocampal findings 
from in vivo 'H MRS studies to date are also compatible 
with current neurodevelopinental models of schizophrenia 
pathophysiology whereby neurons involved in specific 
neural systems either fail to develop properly or are 
eliminated early on in life due to abnormal programmed 
cell death; however, a recent postmortem neurochemical 
study (Tsai et a1 1995) found an increase of hippocampal 
NAAG and no change in hippocampal NAA along with a 
nonsignificant reduction of parahippocampal NAA in a 
schizophrenic group compared to controls. The discrep- 
ancy between in vivo spectroscopy measures and postmor- 
tem histochemical measures of NAA is difficult to inter- 
pret. because the degree to which they are comparable 
nieasurements has not been ascertained. 

The effects of neuroleptic medication on NAA have not 
been thoroughly investigated; however, a study of free 
amino acids in rat brain noted unchanged NAA levels after 
chronic treatment with neuroleptics (Okumura et al 1959). 
and decreasing NAA in the present study was not corre- 
lated with increasing neuroleptic dosages in chlorproma- 
zine equivalents. Furthermore, a previous study of first- 
episode psychosis where all but I of the patients had 
received neuroleptics for less than I week reported de- 

creased temporal lobe NANCr (Renshaw et al 1995). 
Finally, a recent pilot study of unmedicated schizophrenics 
revealed significant bilateral NANCr and NANCho re- 
ductions in the dorsolateral prefrontal cortex and hip- 
pocampus (Bertolino et a1 1996a). suggesting that these 
reductions are independent of drug effects. Based on these 
studies, it seems unlikely that NAA reductions in the 
hippocampal regions are merely an effect of prior medi- 
cation exposure. 

With regard to the limitations of the present study, the 
sample size was small, and the patients were, for the most 
part, chronically ill and stabilized on medication. Inter- 
preting the significance of the NAA findings is also 
problematic because spectroscopic voxels contain varying 
mixtures of gray matter, white matter, and cerebrospinal 
fluid (CSF). Because it is not yet technically feasible to 
collect spectroscopic information from homogeneous vox- 
els, future h4RSI studies must derive anatomic information 
about the CSF, gray matter, and white matter composition 
of spectroscopic voxels to obtain estimates of NAA, Cho. 
and Cr from pure gray or white matter. Another factor tu 
consider is that alterations in the T1 or "2 of proton 
metabolites in the hippocampal region of schizophrenic 
patients might have contributed to the observed differ- 
ences. In other words, as a consequence of relaxation time 
differences, the changes observed in this study may have 
to some degree reflected differences in metabolite vari- 
ability as well as metabolite concentrations; however, 
while alterations in the relaxation times of water protons 
have been noted in schizophrenia (Williamson et a1 19923. 
there is no evidence that the measured metabolites NAA. 
Cho, and Cr have abnormal relaxation times. Nevertheless, 
future studies will need to determine if there are signifi- 
cant alterations in the relaxation times of NAA. Cho. and 
Cr in the brains of patients with schizophrenia. 
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