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Takachi Kumazawa, M.D., and Bruce Spring, M.D.

 

Reduced monoamine oxidase activity has been proposed as a 
marker for vulnerability to schizophrenia. Reduced 
monamine oxidase activity has also been shown to occur in 
cigarette smokers. This study compared monamine oxidase 
activity level in a matched group of patients with 
schizophrenia who smoked with a group who did not. Lower 

levels of monoamine oxidase activity were found in the 
smokers and this is the likely explanation for the low levels 
hypothesized as a marker for schizophrenia.
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Reduced monoamine oxidase activity (MAO) was re-
ported in 1972 (Murphy and Wyatt 1972) in the blood
platelets of schizophrenic patients and they later sug-
gested that reduced MAO activity might be a genetic
marker for vulnerability to schizophrenia (Wyatt et al.
1973). Despite a review of twenty-six studies convinc-
ingly demonstrating a reduction in MAO activity in
platelets of chronic schizophrenic patients (Wyatt et al.
1979), the finding of reduced MAO activity has re-
mained controversial (Fleissner et al. 1987). Similarly,
the explanation for the reduced MAO activity has re-
mained uncertain (Marcolin and Davis, 1992). Investi-
gations into this question have not reported smoking
rates of the subjects. Recent studies have demonstrated

that smoking is associated with reduced monoamine
oxidase A and B activity (Oreland et al. 1981; Berlin et
al. 1995; Fowler et al. 1996a and 1996b, Mendez-Alvarez
et al. 1997). Since up to 80% of individuals with chronic
schizophrenia smoke cigarettes (de Leon et al. 1995)
smoking might be both the confounding variable con-
fusing the data, as well as the explanation for the re-
duced MAO activity. The reason for the reduced MAO
activity in schizophrenics might well be the higher rate
of smoking in these patients. As part of a series of stud-
ies in smoking and schizophrenia, a comparison was
made of monamine oxidase B in the platelets of smoking
and non-smoking schizophrenics.

 

SUBJECTS

 

The subjects were 14 male Hispanic outpatients at
LAC/USC Psychiatric Outpatient Clinic with a DSM-IV
diagnosis of schizophrenia or schizoaffective disorder.
Seven patients smoked at least one pack of cigarettes
per day, the other seven did not smoke. The subjects
were matched as closely as possible for age, with a
mean age of 39.3 in the smokers and 29.8 in the non-
smokers. Their ages ranged from 20 to 66 years. The
control was a 37-year-old male non-smoking psychiat-
ric Fellow.
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METHODS

 

Morning blood samples were taken following an over-
night “fast” from smoking for approximately twelve
hours. Platelet MAO activity was assayed according to
the following procedure. First, 20 cc of whole blood was
drawn from the antecubital vein into a plastic syringe
and transferred to a plastic tube containing 1 cc of 3.8%
sodium citrate as an anticoagulant. The specimen was
centrifuged at 600 rpm for 15 min and at 20,000 g for 5
min to yield a platelet pellet. The pellet was washed
with 2 cc of 0.9% sodium chloride and spun again at
20,000 g for 5 min. The platelet pellet was stored at

 

2

 

70

 

8

 

C, until assay. The pellet was resuspended and
sonicated in 1 cc of 0.05 M phosphate buffer, (pH 7.4).
About 300 ug of the resulting protein was incubated
with 

 

14

 

C-phenylethylamine with a final concentration of
10 uM. After a 20-min incubation at 37

 

8

 

C, the reaction
was terminated by the addition of 0.1 ml of 6 N HCl.
The reaction product was extracted with 6 ml of toluene
to yield MAO-B, and the remaining substrate was de-
leted. Each tube was capped and shaken for 30 sec. The
tubes were centrifuged at 200 rpm for 10 min to sepa-
rate the two phases. Four milliliters of the organic layer
were withdrawn and mixed with 5 ml of scintillation
fluid (National Diagnostics). The radioactivity of the re-
action product was determined by liquid scintillation
spectrometry (Chen et al. 1994).

 

RESULTS

 

Results are shown in Table 1. There is very little overlap
between the levels in smokers and non-smokers, and
even this small sample size reveals a highly significant
reduction in MAO-B activity in the smokers (

 

p

 

 

 

5

 

 .004).
Because MAO is reduced in the elderly, age must be
controlled for. Figure 1 strongly suggests that control-
ling for age does not change the results.

 

DISCUSSION

 

The present study has several weaknesses. First this
study, like all previous studies, made no attempt to
control for the effects of passive smoking on mono-
amine oxidase levels. Second, the smokers in this study
were older than the non-smokers, and our data do not
absolutely exclude the possibility that some or all of the
observed MAO differences could be due to the older
age of the smokers. Notable here is the result that none
of the smokers have a higher MAO activity level than
the oldest non-smoker. Finally, our conclusions could
be strengthened by more accurate measures of individ-
ual smoke exposure, i.e., plasma nicotine or cotinine
levels, or a nicotine-cotinine ratio derived from a 24
hour urine collection.

Overall, the results of this study are not surprising,
given the evidence that smoking reduces monoamine
oxidase activity. It was, however, important to demon-
strate this in patients with schizophrenia and attempt to
explain the previous findings. The proposed genetic
vulnerability was related to a study in identical twins
discordant for schizophrenia which showed reduced
MAO activity in both co-twins, suggesting that the re-
duction was not secondary to schizophrenia but might
represent a marker for vulnerability to schizophrenia
(Wyatt et al. 1973). As this study did not control for
smoking, it may well be that the reduced MAO activity
was due solely to either active (or passive) exposure to
smoke, and not due to any genetic predisposition to
schizophrenia per se. However, there may still remain a
relationship between MAO activity and schizophrenia,
albeit secondary to the tendency to smoke (de Leon
1996). Recent work has shown many ways that nicotine
alters neuronal functioning, and explanations of how
smoking could benefit schizophrenics (and other psy-

 

Table 1.

 

MAO-B Activity in Schizophrenia: Smokers 
vs. Nonsmokers

 

Age Activity Age

Activity
(nmol/min/mg

Protein)

 

20 0.17 20 0.24
24 0.11 20 0.31
36 0.17 24 0.24
39 0.13 26 0.36
40 0.28 30 0.45
50 0.22 32 0.27
66 0.26 57 0.30

37 0.28
(control) 0.30

Average 39.3 0.19 29.86 0.31

 

p

 

 

 

5

 

 .004

Figure 1. MAO-B activity in schizophrenia: Smokers (solid
squares) versus Nonsmokers (open squares).
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chiatric populations) have been suggested (Glassman
1993; Ziedonis et al. 1994; de Leon 1996; Leonard et al.
1996).

Interestingly, Berlin et al. (1997) reached a similar
conclusion about major depression, a disorder which is
also associated with reduced MAO activity. They con-
cluded that the monoamine oxidase inhibition associ-
ated with depression is probably the result of smoking
per se, rather than any type of biological marker for de-
pression.

 

CONCLUSION

 

The low levels of MAO activity reported in schizophre-
nia are most likely related to cigarette smoke.
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