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'Phosphorus Magnetic Resonance Spectroscopy 
of the Temporal Lobes in Schizophrenia 

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

Eleven schizophrenic patients and nine normal controls were studied using in vivo 
"Phosphorous magnetic resonance spectroscopy ("P MRS) to test the hypothesis of 
metabolic asymmetry in the temporal lobes in schizophrenia. The controls did not 
demonstrate any asymmetry of phosphorous metabolite ratios, percentage of phospho- 
rous metabolites, or pH. In the schizophrenics, however, phosphocreatinelfl-adenosine 
triphosphate (PCrIfl-ATP) and phosphocreatine/inorganic phosphate (PCrlPi) effects 
appeared to primarily reject higher ratios on the right side, while the percentage of 
p-ATP appeared to primarily reject higher relative concentrations in the left temporal 
lobe. Moreover, SigniJicant negative correlations were noted between total Brief Psy- 
chiatric Rating Scale scores and PCrIfl-ATP in both the right and left temporal lobes. 
These results support the hypothesis of an asymmetric distribution of " P  metabolites 
in the temporal lobe of schizophrenic patients, and also show an association between 
temporal lobe phosphorous metabolism and the severity of psychiatric symptomatol- 
ogy. 

Introduction 
Considerable evidence from neuropathological and neuroimaging studies suggest that 
schizophrenia is associated with structural abnormalities of the temporal lobes (Bogerts 
et a1 1985; Brown et a1 1986; Suddath et a1 1989; Barta et a1 1990; De Lisi et a1 1991). 
In addition, positron emission tomography (PET) investigations have demonstrated a 
relative increase of glucose consumption in the left temporal lobe compared to the right 
(Jernigan et a1 1985; Post et a1 1987; De Lisi et a1 1989). This has been interpreted as 
evidence for a temporal lobe metabolic asymmetry in schizophrenia. 

In vivo magnetic resonance spectroscopy (MRS) provides noninvasive measurements 
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of tissue metabolites in vivo (Lock et al 1990). Pettegrew and colleagues (1991) studied 
the dorsolateral prefrontal cortex of neuroleptic-naive schizophrenic patients with in vivo 
31Phosphorous (3'P) MRS and found significantly decreased phosphomonoesters (PME) 
and increased phosphodiesters (PDE) compared to controls. In a "P MRS study of the 
left temporal lobe, O'Callaghan and colleagues (1991) did not detect any significant 
differences in the high energy phosphorus or phospholipid measures of medicated schizo- 
phrenics compared to controls, but they did note increased intracellular pH in the schizo- 
phrenic group. 

The goal of this pilot 3'P-MRS study was to test the hypothesis of metabolic asymmetry 
in the temporal lobes of schizophrenic patients compared to normal controls. A second 
objective was to determine if there was an association between temporal lobe 31P me- 
tabolites and the severity of psychiatric symptomatology. 

Methods 
Eleven subjects (1 woman and 10 men, mean k SD age = 39 f 6 years) who met 
DSM-111-R criteria for chronic schizophrenia, and nine control subjects (9 men, mean 
5 SD age = 35 iz 10 years) were studied. All subjects were right handed. Two 
schizophrenic patients who had been previously treated with neuroleptics were neuroleptic 
medication-free for 1 week prior to the study. The remaining nine patients were treated 
with neuroleptic dosages in chlorpromazine equivalents (Gelenberg 1983) ranging from 
150 mg to 2500 mg per day (mean dosage = 749 mglday). Five of the patients were 
also treated with benztropine mesylate; however, none were being treated with benzo- 
diazepines. Patients with a history of head injury, neurologic disorder, seizure disorder, 
dementia, organic brain syndrome, major mood disorder, anxiety disorder or clinically 
significant substance or alcohol abuse were excluded from the study. Control subjects 
had no history of recent medical illness, head injury, neurologic disorder, seizure disorder, 
psychiatric disorder or clinically significant alcohol or substance abuse. The psychiatric 
symptomatology of each patient was assessed utilizing the Brief Psychiatric Rating Scale 
(BPRS) (Overall and Gorham 1963) on the day of the (magnetic resonance imaging) 
MRI/MRS study. 

All MRUMRS studies were performed on a 2-Tesla Philips Gyroscan MRUMRS sys- 
tem. One sagittal, 13 axial, and 9 coronal TI-weighted images (TR = 450 msec, TE = 
30 msec) were acquired prior to spectroscopy to localize the volumes of interest (VOIs). 
Separate 87 ml VOls (Figure 1) were positioned to primarily encompass each of the right 
and left temporal lobes. These VOIs were chosen to avoid the ventricles, overlying skull 
and muscle; however, some contamination from adjacent anatomical regions could not 
be avoided. A neuroradiologist blind to each subject's status evaluated the MRI scans 
from both controls and patients to determine if any structural abnormalities were present. 
For 31P MRS, the magnet was shimmed on the water signal using the 'H imaging head 
coil, to a linewidth of about 15 Hz. A 16.5 cm-diameter Helmholtz head coil, tuned to 
phosphorous was used to acquire the "P spectra using an improved ISIS sequence (Matson 
et a1 1988) in 20 min (640 scans, TR = 2 sec.). Spectra were processed using NMRl 
data processing software (New Methods Research, Syracuse, New York) on a SUN 3/60 
workstation. Signal integrals were obtained from the least squares fitted spectra by curve 
fitting. Intracellular pH was calculated from the chemical shift of Pi referenced to the 
chemical shift of PCr in ppm (Petroff et al 1985). T1 corrected ratios for the integral 
peak area spectra were calculated as described previously (Hubesch et al 1990), as well 
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Figure I. MR image from a schizophrenic patient showing the temporal lobe ISIS volumes of 
interest (4.5 x 5.5 x 3.5 cm3. 

as the percentage of total phosphorus signal for PME, Pi, PDE, PCr, and P-adenosine 
triphosphate (ATP). The p-ATP peak was used as an ATP reference for peak ratios 
because it does not contain any component of phosphorus metabolites other than the 
P-phosphate of ATP. 

Results 
No anatomical asymmetries 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 1) were higher on the right side compared to the left (3.08 5 0.86 versus 2.44 
2 0.44 in the schizophrenic group, and 2.68 & 0.33 versus 2.64 5 0.42 in controls; 

p = 0.05, multivariate analysis of variance (MANOVA), side by group interaction). A 
trend for a side by group interaction was present for PCr/Pi (p = 0.07) with the same 
pattern as for PCr/ATP. To determine which changes in phosphorus metabolites were 

Table 1 .  Metabolite R; 
Mean +- SD Values 
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Table 1 .  Metabolite Ratios and Percentage of Total Phosphorous Signal: 
Mean 2 SD Values and Statistical Analysis 

Mean values +. SD 
MANOVA 

Controls Schizophrenics 
(n = 9) ( n  = 1 1 )  Source df F D 

PCr/Pi 

PCr& ATP 

P-ATP/Pi 

PDEIPME 

PH 

PME 

Pi 

PDE 

PCr 

P-ATP 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

2.78 2 0.83 
3.39 t 0.92 

2.68 t 0.33 
2.64 t 0.42 

1.05 ? 0.35 
1.30 ? 0.37 

2.98 2 0.66 
3.75 2 1.2 

7.05 2 0.03 
7.04 2 0.05 

12.0 2 2.3 
10.2 2 3.3 

7.3 ? 1.9 
5.9 lr 1.4 

39.8 2 3.0 
39.3 t 3.2 

12.9 2 1.1 
12.8 2 1.4 

8.8 1.3 
9.0 2 1.1 

3.49 2 0.70 
3.10 -t 0.55 

3.08 2 0.86 
2.44 2 0.44 

1.19 2 0.36 
1.31 5 0.29 

3.47 lr 0.53 
3.53 2 0.80 

7.06 f 0.06 
7.06 2 0.07 

10.9 ? 1.5 
10.8 5 1.7 

6.2 +. 1.7 
6.2 t 1.2 

42.7 -t 4.6 
42.7 ? 5.0 

14.2 2 2.5 
13.5 2 2.5 

8.5 +. 1.5 
10.0 l?r 1.3 

Group 
Side 
Side by group 
Group 
Side 
Side by group 
Group 
Side 
Side by group 
Group 
Side 
Side by group 
Group . 
Side 
Side by group 
Group 
Side 
Side by group 
Group 
Side 
Side by group 
Group 
Side 
Side by group 
Group 
Side 
Side by group 
Group 
Side 
Side by group 

1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0.99 
0.19 
3.65 
0.21 
5.77 
4.40 
0.46 
2.61 
0.36 
0.25 
3.20 
2.34 
0.19 
1.61 
0.07 
0.10 
2.31 
1.89 
0.67 
2.38 
2.38 
3.25 
0.12 
0.12 
1.38 
1.33 
0.72 
0.56 
7.31 
3.95 

0.33 
0.67 
0.07 
0.65 
0.03 
0.05 
0.51 
0.12 
0.56 
0.62 
0.09 
0.14 
0.67 
0.22 
0.79 
0.76 
0.15 
0.19 
0.42 
0.14 
0.14 
0.09 
0.74 
0.74 
0.26 
0.26 
0.14 
0.47 
0.02 
0.06 

R = right temporal lobe: L = left temporal lobe 

contributing to the alteration in metabolite ratios, the percentage of total phosphorus signal 
for individual metabolites was also calculated (Table I). A trend for a side by group 
interaction was present for P-ATP ( p  = 0.06), with higher values on the left compared 
to the right side in the schizophrenic group relative to controls (10.0 k 1.3 versus 8.5 
-+ 1.5 in the schizophrenic group, and 9.0 2 1.1 versus 8.8 2 1.3 in the control group). 

Regression analysis of the seventy of clinical symptoms and phosphorus metabolite 
ratios showed a significant negative correlation between PCrIp-ATP and total BPRS score 
for both right and left temporal lobes ( r  = -0.84, p = 0.001 and r = -0.71, p = 
0.02, respectively). The influence plots (SYSTAT, Wilkinson 1987) of these correlations 
(Figure 2) demonstrate that one subject strongly influences the correlations for both the 
right and left temporal lobes. Nevertheless, without that subject the correlation remained 
significant for the right side (r = -0.78, p = 0.007). and a trend was present for the 
left side ( r  = -0.61, p = 0.06). The thinking disturbance subscale of the BPRS also 
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Figure 2. Top: Influence plot of BPRS score versus PCr/ATP for the left temporal lobe ( r  = 
-0.71, p = 0.02). Eorrom: Influence plot of BPRS score versus PCr/ATP for the right temporal 
lobe ( r  = -0.84, p=O.OOl). 

showed a significant negative correlation for the right temporal lobe ( r  = -0.79. p = 
0.004) and a trend for the left temporal lobe ( r  = -0.53, p = 0.09). 

There were no significant correlations between the degree of asymmetry for both PCr/p- 
ATP and percentage of @ATP in the 11 patients (calculated by [left - right]/[left + 
right]) and either: (1) the neuroleptic dosage in chlorpromazine equivalents (r = - 0.16. 
p = 0.65 for PCr/P-ATP; r = 0.07, p = 0.83 for the percentage P-ATP), or (2) the 
total BPRS score ( r  = 0.42, p = 0.2 for PCr/P-ATP; and r = 0.2, p = 0.56 for the 
percentage of P-ATP). 
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The first major finding of t..is study is a difference in temporal lobe metabolic asymmetry 
between schizophrenics and controls. Using ratio measures, it is impossible to assign the 
effect to either the right or left temporal lobe. PCr/P-ATP and PCdPi effects appear to 
primarily reflect higher ratios on the right side in schizophrenics, whereas the percentage 
of P-ATP appears to primarily reflect higher relative concentrations in the left temporal 
lobe in schizophrenics. On the basis of these preliminary results, it is not possible to 
definitively support either the temporal lobe MRS results of O’Callaghan and colleagues 
( 1991), which reported no difference in phosphorous metabolites between schizophrenics 
and controls, or PET studies of glucose consumption (De Lisi et a1 1989; Sheppard et a1 
1983), which demonstrated abnormal metabolic activity in the left temporal lobe. 

An alternative explanation for the observed metabolic asymmetry may be differential 
size and/or atrophy between the right and left temporal lobes. However, there were no 
qualitative differences apparent to the neuroradiologist in temporal-lobe size or atrophy 
between the schizophrenics and controls or between right and left sides. In addition, if 
significant atrophy were present, for example, in the right temporal lobe, noticeable 
reductions in all phosphorous metabolites would be expected. Nevertheless, MRI-localized 
MRS with ISIS obtains signal largely from brain parenchyma but a small degree of signal 
contamination from cerebrospinal fluid (CSF), muscle, and skin cannot be completely 
eliminated (Lawry et a1 1989). 

Furthermore, the “resonance offset effect” causes the signal from each metabolite to 
be obtained from slightly different but overlapping regions, and this effect is greatest for 
PME and (3-ATP. For example, the VO1 for (3-ATP was shifted (with the greatest shift 
being 8 mm in the lateral direction), causing signal from the right VOI to contain some 
contamination from the CSF in the ventricles, and the left VOI to contain some contam- 
ination from CSF in the subarachnoid space as well as skull. Thus, the CSF signal 
Contamination, for the right and left VOIs is different. In addition, if there was a significant 
quantitative difference in size between the right and left temporal lobes, resulting in a 
greater fraction of contaminating signal from CSF and other tissue outside one temporal 
lobe VOI but not the other, this might be partially responsible for the asymmetry of (3- 
ATP observed in the schizophrenic patients. The resonance offset problem is a clear 
limitation of all localization techniques using radiofrequency pulses in the presence of 
slice selection gradients. Our continuing studies of schizophrenia are now employing 
magnetic resonance spectroscopic imaging (MRSI) that uses phase encoding after signal 
excitation and does not suffer from this problem. 

The second major finding of this study are the significant negative correlations between 
the PCr/P-ATP ratio and the severity of psychiatric symptoms for both the right and left 
temporal lobes. The PCdP-ATP ratio was greatest in patients with the least severe 
symptoms and reduced in patients with more severe symptoms. These results suggest 
that temporal lobe metabolic activity as measured by PCr/P-ATP may reflect psychiatric 
symptom control. We did not note any correlation between the degree of temporal lobe 
metabolic asymmetries and the severity of psychiatric symptoms. In addition, the absence 
of significant correlations between neuroleptic dosage and the degree of metabolic asym- 
metry for both PCr/P-ATP and percentage of P-ATP suggests that the asymmetries 
observed in this study are not simply a consequence of neuroleptic medication dosage. 

In conclusion, these results support the hypothesis of asymmetry of temporal lobe 
metabolism in schizophrenia. The correlations between the severity of clinical symptoms 
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and PCr/@-ATP further implicates temporal lobe involvement with psychiatric symptom- I I Abnormal Cerebra atology in schizophrenia. 
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