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BRIEF COMMUNICATION

Low superoxide dismutase activity in schizophrenic patients with
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ABSTRACT

Background. Tardive dyskinesia (TD) is a therapy-resistant adverse effect of neuroleptics.
Although the exact pathophysiology of TD is unknown, oxygen radicals have been speculated
to play a role in TD based on several lines of evidence. Superoxide dismutase (SOD) is a key
enzyme which scavenges oxygen radicals. The authors investigated the association between erythro-
cyte SOD activity and TD.

Methods. Erythrocyte SOD activities were measured, blinded as to the presence or absence of
TD, in 30 patients with schizophrenia who had been on typical neuroleptics for more than 10
years. TD severity was independently assessed, using the abnormal involuntary movement scale
(AIMS), by two raters.

Results. There was a significant decrease in erythrocyte SOD activity in the definite TD group
(N¯ 10) as compared with the no TD (N¯ 8) and questionable TD (N¯ 12) groups.
Erythrocyte Cu,Zn-SOD activities correlated with AIMS scores.

Conclusions. Patients with TD had low SOD activities as compared to those without TD. As a
causal link between SOD activity and TD was not established in this study, larger prospective
studies are warranted to determine whether patients with low SOD activity are susceptible to
neuroleptic-induced TD.

INTRODUCTION

Tardive dyskinesia (TD) is a therapy-resistant
adverse effect of neuroleptics. A number of
medications have been tried as therapies for TD,
but the results have been mostly disappointing
(Jeste et al. 1988). Although the exact patho-
physiology of TD is unknown, oxygen radicals
have been speculated to play a role in TD based
on several lines of evidence (Lohr, 1991). For
example, it has been reported that free radicals,
especially superoxide radicals, are produced via
increased dopamine turnover associated with

" Address for correspondence: Dr Kazuo Yamada, Department of
Neuropsychiatry, School of Medicine, Keio University, 35
Shinanomachi, Shinjuku-ku, Tokyo, 160 Japan

long-term neuroleptic treatment (Stein & Wise,
1971; Graham et al. 1978; Matsumoto et al.
1983). Lower blood or erythrocyte activities of
superoxide dismutase (SOD), a key enzyme
which scavenges oxygen radicals, have been
found in some neurological disorders, including
Parkinson’s disease, Wilson’s disease and
Huntington’s disease (Lohr, 1991).

An earlier study (Abdalla et al. 1986) found
no difference in blood SOD activities between
schizophrenic patients receiving, and those not
receiving, neuroleptics. However, the relation-
ship between SOD and TD remains to be fully
clarified. In this study, we measured erythrocyte
Cu,Zn-SOD activity in schizophrenic patients
with, and without, definite TD and examined
the relationship between SOD activity and TD.
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METHOD

The subjects were 30 male in-patients who met
DSM-IV criteria for schizophrenia. All had been
on typical neuroleptics for more than 10 years.
We fully explained the study design and aims
and obtained written informed consent to
participate from each patient. None had any
medical or neurological complications. The ages
ranged from 26 to 80 years old (mean¯ 61±4,
standard deviation (..)¯ 11±9), onset age of
schizophrenia from 13 to 45 years old (mean¯
23±8, ..¯ 8±0), and the duration of schizo-
phrenia from 10 to 54 years (mean¯ 37±7,
..¯ 11±2). The daily dose of the prescribed
neuroleptics was equivalent 32±5 to 2475 mg
(mean¯ 427±8, ..¯ 528±6) of chlorpromazine.

TD was assessed, using the abnormal in-
voluntary movement scale (AIMS), by two
experienced psychiatrists blinded to the Cu,Zn-
SOD activities. Ten patients (TD group) were
judged as having definite TD on the basis of
satisfying the diagnostic criteria for TD (Moore
et al. 1983), and on a severity of movement score
of 2 (Mild), or worse, made by both observers.
All patients in the TD group had oro-facial
dyskinesia and three also had trunk or limb
dyskinesia. Eight patients had no TD (NTD
group), based on severity of movement scores
assessed as 0 (None, normal) by both observers,
and the remainder (12 patients) were regarded as
having questionable TD (QTD group).

Erythrocyte Cu,Zn-SOD activity was
measured by the nitrite method (Oyanagui,
1984). Briefly, hydroxylamine or its -sulfonic
acid, xanthine oxidase, hypoxanthine, EDTA,

Table 1. Clinical characteristics and SOD activities of the three groups

TD group (N¯ 10) QTD group (N¯ 12) NTD group (N¯ 8) Analysis

Variable Mean .. Mean .. Mean .. F(df¯ 2, 27) P

Age (years) 64±0 9±3 64±2 11±0 54±1 14±3 2±219 0±13
Onset age (years) 25±4 8±7 24±0 7±6 21±4 8±1 0±557 0±58
Duration 38±6 10±1 40±3 8±7 32±8 15±3 1±151 0±33
of illness (years)

Neuroleptics 458±3 547±2 461±5 682±5 339±3 169±3 0±144 0±87
(CP equiv.)

Total AIMS score 5±75 2±03 1±33 0±75 0 0 53±6 0±0001

SOD (U) 1188±2 139±5 1332±5 79±7 1402±1 195±5 5±818 0±0079

Note: TD definite tardive dyskinesia, QTD questionable tardive dyskinesia, NTD no tardive dyskinesia, CP equiv. equivalent dose of
chlorpromazine (mg}day).

There were significant differences in SOD activities between the TD and NTD groups (P! 0±005) and between the TD and QTD groups
(P! 0±05) by post-hoc analysis with Fisher’s PLSD.

and the sample were incubated with or without
KCN at pH 8±2, 37 °C, for 30 min. Diazo dye-
forming reagent was added and the absorption
was measured at 550 nm.

Data were analysed with analysis of variance
(ANOVAs). Post-hoc analysis was performed
with Fisher’s protected least significant
difference (PLSD). A P value of less than 0±05
was considered statistically significant.

RESULTS

There were no differences among the three
groups in mean age, mean onset age of schizo-
phrenia, mean duration of schizophrenia, or the
mean daily dose of the prescribed neuroleptics
(see Table 1). As to erythrocyte Cu,Zn-SOD
activities, there was a significant decrease (F¯
5±818, df¯ 2, 27, P¯ 0±0079) in the TD group
(mean¯ 1188±2 U}1E10 erythrocyte, ..¯
139±5) as compared with the NTD group (mean
¯ 1402±1 U}1E10 erythrocyte, ..¯ 195±5) and
the QTD group (mean¯ 1332±5 U}1E10 eryth-
rocyte, ..¯ 79±7) (see Table 1). The eryth-
rocyte Cu,Zn-SOD activities correlated with the
AIMS scores (r¯®0±45, P¯ 0±013).

DISCUSSION

Our results indicate that patients with TD have
lower erythrocyte Cu,Zn-SOD activities than
those with questionable or no TD, and there was
a significant correlation between TD severity
and erythrocyte Cu,Zn-SOD activities. For this
study, we selected only patients who had been
on neuroleptics for at least 10 years. AIMS were
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then evaluated independently by two
psychiatrists in order to identify those with
definite TD.

Previous hypotheses have included the con-
cept that free radicals, especially superoxide
radicals, produced via increased dopamine turn-
over associated with long-term neuroleptic
treatment (Stein & Wise, 1971; Graham et al.
1978; Matsumoto et al. 1983), induced
destabilization and protein oxidation in the
central nervous system (Halliwell, 1989). In
addition, it has been reported that lipid per-
oxidation was increased in cerebrospinal fluid
from patients taking phenothiazines (Pall, 1987)
and that free radical activity was higher in
patients with TD than in those without TD
(Lohr et al. 1990). The possible involvement of
oxygen radicals in the pathophysiology of TD
was discussed in a review article (Lohr, 1991).
Along with the aforementioned reports, several
lines of evidence have been presented indicating
that vitamin E may be effective even for
advanced TD (Lohr et al. 1987; Elkashef et al.
1990; Egan et al, 1992; Dabiri et al. 1994). Thus,
chronic exposure to superoxide radicals
produced by neuroleptics may increase the risk
of TD, while SOD and free radical scavengers
like vitamin E may play a preventive role. Our
investigation involved a small sample size and
was cross-sectional. Larger, prospective studies
are warranted to determine whether measure-
ment of Cu,Zn-SOD activity may allow pre-
diction of susceptibility to TD, in patients
requiring long-term neuroleptic treatment, and
whether coadministration of superoxide
scavengers with neuroleptics for those with low
Cu,Zn-SOD activity may be an effective method
of reducing the risk of TD.
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