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ORIGINAL ARTICLES 
Asymmetry of Temporal Lobe Phosphorous Metabolism 
in Schizophrenia: A 31Phosphorous Magnetic Resonance 
Spectroscopic Imaging Study 

Raymond F. Deicken, Giovanna Calabrese, Edward L. Merrin, Sophia Vinogradov, 
George Fein, and Michael W. Weiner 

In vivo 3fPhosphorous magnetic resonance spectroscopic imaging (3 fP  MRSI) was pegomed  on 
18 chronic schizophrenic patients and 14 n o m 1  controls to determine ifthere was asymmetry of 
high-energy phosphorous metabolism in the temporal lobes of schizophrenic patients. Temporal 
lobe phosphorous metabolites were also correlated with severity of psychiatric symptomatology 
as assessed by the Brief Psychiatric Rating Scale (BPRS). Schizophrenics demonstrated sign@- 
cantly higher right relative to leji temporal phosphocreatine/adenosine triphosphate (PCr/ATP), 
phosphocreatine/inorganic phosphate (PCr/Pi), and PCr as well as significantly lower right 
relative to leji temporal ATP. There were no asymmetries of temporal lobe phosphorous metabo- 
lites in the control group. In addition, both left temporal PCr and the degree of asymmetry of 
temporal lobe PCr were highly correlated with the thinking disturbance subscale of the BPRS. 
This studyprovidesfurther support for temporal lobe metabolic asymmetry in schizophrenia and 
its possible association with clinical symptoms. 

Key Words: Magnetic resonmce spectroscopy (MRS). schizophrenia, phosphorous, phospho- 
lipid, temporal lobe, brain metabolism 

Introduction 
Neuropathological and neuroimaging studies implicate the 
temporal lobes as sites of structural abnormalities in schizo- 
phrenia (Bogerts 1985; Brown 1986; Suddath et al 1989; 
Barta et al 1990; Rossi et a1 1989; De Lisi et al 1991). In 
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addition, most positron emission tomography (PET) inves- 
tigations of schizophrenic populations have found lower 
metabolic rates in the temporal lobes compared to controls 
(for review, see Buchsbaum 1990). Some PET studies, 
however, have also demonstrated a relative increase of glu- 
cose consumption in the left temporal lobe compared to the 
right in the schizophrenic patients (Jernigan et a1 1985; Post 
et al 1987; De Lisi et al 1989). This has been interpreted as 
evidence for a temporal lobe metabolic asymmetry in 
schizophrenia. 

There have been very few studies of temporal lobe me- 
tabolism utilizing in vivo 31P magnetic resonance spectros- 
copy (31P MRS). One study of the left temporal lobe by 
O’Callaghan and colleagues (1991) did not detect any sig- 
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nificant differences in the high-energy phosphorous or 
phospholipid measures of medicated schizophrenics com- 
pared to controls, but they did note increased intracellular 
pH in the schizophrenic group. A recent abstract by Fuji- 
moto et al (1992) reported decreased adenosine triphos- 
phate (ATP) and increased phosphodiesters (PDE) in the 
left temporal lobe in schizophrenic patients compared to 
controls. We previously conducted a 31P MRS study of the 
temporal lobes in chronic schizophrenia (Calabrese et al 
1992), which demonstrated an asymmetry of phosphorous 
metabolites, with increased phosphocreatine/adenosine tri- 
phosphate ( PCr/ATP) and phosphocreatine/inorganic phos- 
phate (PCrPi) ratios in the right compared to the left tem- 
poral lobe. We also observed significant negative 
correlations between PCr/ATP and the severity of psychiat- 
ric symptoms as assessed by the Brief Psychiatric Rating 
Scale (BPRS) scores in both the right and left temporal 
lobes. 

The present study was conducted to replicate and extend 
our initial findings using new samples of patients and con- 
trols. We utilized 31P magnetic resonance spectroscopic 
imaging (31P MRSI) to test the hypothesis of metabolic 
asymmetry in the temporal lobes of schizophrenic patients 
compared to normal controls. The primary advantage of 3'P 
MRSI over single-volume MRS techniques is that it allows 
simultaneous examination of multiple brain regions simul- 
taneously during a single examination. In addition, 31P 
MRSI does not suffer from the some of the technical prob- 
lems we experienced with the ISIS (image-selected in vivo 
spectroscopy) technique used in the previous temporal lobe 
MRS study. 

, Methods 
Subjects 

Eighteen male schizophrenic patients (mean -C SD age = 
39.4 5 6.0 years) and 14 male control subjects (mean 5 SD 
age = 39.0 2 5.2 years) gave informed consent for partici- 
pation in the study. The diagnosis of chronic schizophrenia 
was confirmed using the Structured Clinical Interview for 
DSM-111-R-Patient Edition (SCID-P) (Spitzer and Wil- 
liams 1985). Control subjects were also assessed using the 
SCID-Nonpatient Edition (SCID-NP). All schizophrenic 
patients and control subjects were right-handed. The demo- 
graphic and clinical characteristics of the schizophrenic 
patients are shown in Table 1. At the time of the study, five 
patients were neuroleptic free; eight patients were taking 
neuroleptics only; three patients were taking a neuroleptic 
plus diphenhydramine; and two patients were taking a neur- 
oleptic plus benztropine mesylate. None of the schizo- 
phrenic patients had a history of head injury, organic mental 
disorder, neurological disorder, major mood disorder, or 
anxiety disorder. None of the patients had clinically signifi- 
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cant alcohol or substance abuse in the 12 months prior to the 
study. In comparison to the schizophrenic patients (see 
Table 1). the control subjects consisted of seven Caucasian, 
three Black, two Asian, and two Hispanic men with a mean 
5 SD years of education of 13.3 ? 1.4. None had any 
history of significant medical illness, head injury, neurolog- 
ical disorder, psychiatric disorder, or clinically significant 
alcohol or substance abuse. There were no significant group 
differences between patients and controls for age or educa- 
tion. The clinical symptomatology of each patient was as- 
sessed using the 18-item Brief Psychiatric Rating Scale 
(BPRS) (Overall and Gorham 1962). 

MRSI Methods 
All MRSI studies were performed at the San Francisco 
Department of Veterans Affairs Medical Center's Mag- 
netic Resonance Unit on a Philips Gyroscan S 15 MRI/ 
MRS system operating at 2 Tesla. A standard imaging 
saddle-type proton head coil was used for MRI. T1 
weighted sagittal (7 slices, 7.1 mm thick, 1.2 mm gap, TR = 
600 msec, TE = 30 msec) and T2 weighted axial (16 slices, 
7.1 mm thick, 1.2 mm gap, TR = 2000 msec, TE = 30 and 
80 msec) multislice images were obtained on each subject. 
A neuroradiologist blind to each subject's clinical status 
evaluated the MRI scans from both controls and patients to 
determine if any structural abnormalities, temporal lobe 
asymmetry, or atrophy were present. The axial slices were 
angulated parallel to the canthomeatal plane observed on 
the sagittal slices to give a consistent anatomical perspec- 
tive, facilitating comparisons between patients and con- 
trols. The Bo magnetic field was then shimmed (nonloca- 
lized) using the proton imaging coil and Phillips 
computer-controlled optimization for a water resonance 
line width of less than 15 Hz. The subject was then re- 
moved from the magnet bore while the 31P MRSI study was 
prepared. For accurate repositioning of the subject's head, 
a vacuum-assisted head holder, padded straps, and surface 
anatomical markings (forehead and temple) were em- 
ployed. An inductively coupled, high-pass, quadrature 
birdcage head coil was used to provide homogeneous RF 
excitation and detection. The MRSI procedures and experi- 
mental parameters have been previously described 
(Maudsley et a1 1990; Hugg et a1 1992). A spin-echo se- 
quence (TR = 350 msec, TE = 3.5 msec) was utilized. The 
MRSI raw data volume consisted of a field of view of (27 
cm3) with (123) = 1728 phase-encoded half-echo time sig- 
nals, each with 256 samples and a bandwidth of 3 kHz. 
Total acquisition time was 86 minutes. 

MRSI data were processed on a micro-VAX workstation 
using 4D Fourier transform reconstruction with apodization 
and zero-filling to 512 spectral samples to yield 32 x 32 
interpolated voxels in 16 transverse planes (1.7 cm thick). 
The effective voxel size was about 25 cm3. Images of the 
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1 

I Figure 2. Typical 31phosphorous spectrum from a 
left temporal lobe voxel before (top) and after (bor- 
torn) processing. 
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which were hypothesized to be higher in the right temporal 
lobes of schizophrenic patients, and ATP, which was hy- 
pothesized to be lower in the right temporal lobe. Multivar- 
iate repeated measures analysis of variance (MANOVA) 
was used for the major analyses. The dependent variable 
was each phosphorous metabolite ratio or percent of the 
total phosphorous signal, group was the between-subjects 
factor, and side (left vs. right) was the within-subjects re- 
peated measures factor. For the four a priori comparisons 
involving PCr/ATP, PCr/Pi, PCr, and ATP, the criterion of 
significance was set a sp  = .0125. The remaining metabolite 
measures were analyzed in an exploratory fashion without 
correction for multiple comparisons. Regression analysis 

was used to examine the association between temporal lobe 
phosphorous metabolites (PCr/ATP, PCr/Pi, PCr, ATP, and 
the degree of asymmetry each for PCr/ATP, PCrPi, PCr, 
and ATP calculated as [right - left]/[right + left]) and the 
severity of psychiatric symptomatology as assessed by the 
total BPRS scores and five subscale scores of the BPRS as 
follows: 1) withdrawallretardation (BPRS items for emo- 
tional withdrawal, motor retardation, blunted affect, dis- 
orientation); 2) hostility/suspiciousness (BPRS items for 
hostility, suspiciousness, uncooperativeness); 3) thinking 
disturbance (BPRS items for conceptual disorganization, 

tent); 4) anxiety/depression (BPRS items for somatic 
grandiosity, hallucinatory behavior, unusual thought con- 
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concern, anxiety, guilt feelings, depressive mood); and 5 )  
agitatiodexcitement (BPRS items for tension, excite- 
ment). Since multiple correlations were tested. the crite- 
rion of significance was set a sp  = .008. Regression analy- 
sis was also used to examine the association between 
temporal lobe phosphorous metabolites and the length of 
illness in years and neuroleptic medication dose in chlor- 
promazine equivalents. 

Results 
No structural abnormalities. anatomical asymmetries. or 
atrophy of the temporal lobes were found on the MRI 
images of the patients and controls. Relative to controls, 
PCr/P-ATP values in the schizophrenic patients (Table 2 )  
were higher on the right side compared to the left (2.9 5 0.7 
versus 1.9 2 0.5 in the schizophrenic group. and 2.0 5 0.9 
versus 2.1 2 0.4 in controls; F = 10.84, df = 1,3O,p = .003, 
MANOVA. side by group interaction). A side by group 
interaction was also present for PCr/Pi ( F  = 8.41, df = 130. 
p = .007) with the same pattern as for PCr/ATP. To deter- 
mine which changes in phosphorous metabolites were con- 
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tributing to the alteration in metabolite ratios, the percent of 
total phosphorous signal for individual metabolites was also 
calculated (Table 2 ) .  A significant side by group interaction 
was present for PCr ( F  = 10.4, df= 1,30, p = ,003) .  with 
higher values on the right compared to the left side in the 
schizophrenic group relative to controls. In addition, a side 
by group interaction was present for P-ATP ( F  = 7.87. a''= 
1,30, p = .009) with lower values on the right compared to 
the left in the schizophrenic group. This pattern of changes 
was observed in patients both on and off neuroleptic medi- 
cation. The total phosphorous signal was not significantly 
different between groups or sides. and there was no signifi- 
cant side by group interaction. 

Regression analyses of the severity of clinical symptoms 
and phosphorus metabolite ratios showed a negative correla- 
tion between left temporal lobe PCr and the thinking distur- 
bance subscale of the BPRS ( r  = -.65, p = .003).  In addition, 
the degree of asymmetry for PCr (calculated by [right - 
left]/[right + left]) was positively correlated with the thinking 
disturbance subscale of the BPRS ( r  = .68 p = ,002). These 
results are shown in Figure 3 .  No significant correlations 
were noted for PCr/ATP, PCrPi. or ATP and any of the 

Table 2. Metabolite Ratios and Percent of Total Phosphorous Signal: Mean t SD Values and Statistical Analysis 

L 

Mean values 2 SD 
- 

Control5 Schizophrenic\ 
01 = 14) ( 1 1  = I8 I 

., , 

.. 
I 

<: 

c .  

<. 

& 

MANOVA 

Source F P 

PCrlPi R 3.8 2 2.0 6.0 2 3.4 Group .04 NS 
L 5.9 2 4.2 4.2 2 2.2 Side .06 NS 

Side by group 8.4 I .Ool 
PCrlP- ATP R 2.0 2 0.9 2.9 2 0.7 Group 3.9 1 NS 

L 2.1 2 0.3 I .9 -+ 0.5 Side 5.93 .02 
Side by group 10.84 .003 

P-ATPlPi R 2.1 t 1.0 2.2 ' 1.2 Group 2 4  NS t 

L 2.8 2 1.9 2.3 t 1.3 Side 2.1 I NS 
Side by group 1.26 NS 

PME R 14.0 2 3.6 15.2 t- 4.9 Group 2 5  NS 
L 15.0 2 3.8 12.8 2 4.4 Side .40 NS 

Pi R 5 .1  -C 2.4 4.8 -t 2.1 Group .o I NS 
L 4.6 t- 2.7 5.7 2 2.4 Side .02 NS 

Side by group 3.90 NS 
PDE R 28.1 t 3.8 27.7 2 4.0 Group .73 NS 

L 28.1 2 4.1 30.9 -t 5.3 Side 2.49 NS 
Side by group 1 . 1  I NS 

PCr R 18.1 k3 .4  22.4 '3.8 Group 2.57 NS 
L 19.1 2 3.3 18.1 t-4.0 Side 4.06 .05 

P-ATP R 10.3 2 3.3 8.1 ? 1.7 Group 1.75 NS 
L 9.0 2 0.9 9.9 2 2.0 Side .25 NS 

PH R 7.04 kO.10 6.97 20 .18  Group 3 2  NS 
L 7.01 k 0.06 6.97 2 0.30 Side . I O  NS 

Side by group .26 NS 

Side by group 2.38 NS 

Side by group 10.4 ,003 

Side by group 7.87 .009 

MANOVA = multivariate analysis of variance; PCr = phosphocreatine: PI = inorganic phosphate; ATP = adenosine triphosphate: PME = phosphornonoester\. PDE = 
phosphcdiesters: R =right temporal lobe: L = left temporal lobe; NS = nonsignificant. 
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examine a more specific region of the medial temporal 
lobes. Unlike our previous temporal lobe ISIS study, the 

e 
e r- -0 65, p-0 003 

3 .  A h  

1 . . , , . . . , . . 1 served may -represent alterations of spectral intensities, 
4 6 8 IO 12 14 16 18 20 22 24 metabolite concentrations, or a combination of both. As- 

- . 2  

phosphorous metabolites were coming from the same voxel. 
There are several possible explanations for the observed 

Figure 3. Top: Correlation of left temporal phosphocrea- 
tine (PCr) w-ith thinking disturbance subscale of BriefPsy- 
chiurric Raring Scale (BPRS). Borrom: Correlation of de- 
gree of temporal PCr asymmetry (R - LIR + L) with 
thinking disturbance subscale of BPRS. 

BPRS total scores or subscale scores. Similarly, there were 
no significant correlations between any of the phosphorous 
metabolites and either the duration of illness in years or the 
neuroleptic dosage in chlorpromazine equivalents. 

In order to address the effect of illness chronicity and 
neuroleptic medication on the observed asymmetries of 
phosphorous metabolites, regression analyses were per- 
formed on the degree of asymmetry (calculated by [right - 
left]/[right + left]) for PCr/ATP, PCrPi, PCr, and ATP 
versus I )  the duration of illness in years, and 2) the neuro- 
leptic dosage in chlorpromazine equivalents. No significant 
correlations were noted. 

Discussion 
The first major finding of this study is that the schizophrenic 
patients had higher right versus left temporal PCr/ATP, 

suming that the observed asymmetries reflect true concen- 
tration differences, we know that the PCr/ATP ratio is 
inversely related to the free ADP concentration through the 
creatine kinase equilibrium (Balaban et al 1986). Our find- 
ings, therefore, suggest two possible interpretations: 1 ) 
increased right temporal PCr/ATP reflects decreased right 
temporal free ADP concentration, and is consistent with a 
state of right temporal hypometabolism; or 2) decreased 
left temporal PCr/ATP reflects increased left temporal free 
ADP concentration, and is consistent with a state of left 
temporal hypermetabolism. Given the reported reductions 
in temporal lobe volumes in schizophrenia, a state of left 
temporal hypermetabolism might occur as a compensatory 
response in a subpopulation of neurons to either loss or 
metabolic dysfunction of surrounding neurons. This latter 
interpretation would be consistent with previous PET stud- 
ies demonstrating a left temporal lobe overactivation or 
hypermetabolism in schizophrenic patients (Cur et al 1987, 
1989; DeLisi et a1 1989). 

We do not believe that the observed asymmetry is due to 
differential atrophy between the right and left temporal 
lobes in the schizophrenics. There were no qualitative dif- 
ferences in temporal lobe atrophy between the schizophren- 

I 

: 

“PI 

ics 
sigr 
and 
this 
exa 
incl 
resi 
lite 
sulc 
ex€- 
the 
nifi 
use 
atrc 

cor 
BP 
wil 
lefi 
tur 
bai 
sis 
Pa‘ 
de; 
inc 
shc 
fOl 

an’ 
be 
mf 

ti\ 
Pa 
thi 
sir 
& I  
d i. 
P( 
vi 
ne 

PZ 
or 
m 
01 

th 
re 

85  

nc 

li 
al 
e! 

Ci 



286 BIOL PSYCHIATRY 
1995:38:279-286 

the greatest asymmetry in patients with more prominent 
thinking disturbance symptoms. These results in conjunc- 
tion with the available neuropathological and neuroimag- 
ing findings to date further implicate the temporal lobes as 
loci for pathology in schizophrenia. 

R.F. Deicken et al 
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