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Low Platelet MAO Activity in Chronic Schizophrenics: 
A Long-Term Effect of Neuroleptic Treatment? 
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Abstract. Platelet MAO activity was determined, using I~C- 
tryptamine and 14C-/?-phenylethylamine as substrates, in two 
groups of schizophrenic patients and a normal control 
population. The first patient group consisted of 75 schizo- 
phrenics who had been medication-flee for 2 weeks and had 
not been exposed to neuroleptic drugs for at least 2 months 
before the off-drug period. The second patient group com- 
prised 55 schizophrenics who were on treatment with haloper- 
idol for at least 2 months. 

The enzyme activity was found to be significantly de- 
creased in both drug-free (using only tryptamine as substrate, 
P < 0.05) and haloperidol-treated (P < 0.001) chronic schizo- 
phrenics as compared with normal controls, and to be 
significantly lower (P < 0.05) in haloperidol-treated than in 
off-drug chronic schizophrenics. An in vitro study confirmed 
the lowering effect of haloperidol on MAO activity. 

It is suggested that low platelet MAO values observed in 
chronic schizophrenics might be in part an effect of neurolep- 
tic treatment. 

Key words: Monoamine oxidase - Platelets - Schizo- 
phrenia - Neuroleptics 

Since the first report by Murphy and Wyatt (1972) of 
significantly decreased mean platelet monoamine oxidase 
(MAO) activity in chronic schizophrenic patients as com- 
pared with normal control subjects, a number of investigators 
have been concerned with this putative "genetic marker" of 
vulnerability to schizophrenia. As recently reviewed by Wyatt 
et al. (1979), this original finding has been replicated in most 
(although not in all) studies carried out on chronic schizo- 
phrenics, whereas the evidence concerning acute schizo- 
phrenics appears to be much more controversial. 

The biological significance of the reduction of platelet 
MAO activity in chronic schizophrenia is still open to debate. 
Although this activity has been proved to be, at least in part, 
under genetic control (Nies et al. 1973; Wyatt et al. 1973), an 
influence of drug treatment, institutionalization, diet or 
hormonal status cannot be ruled out. 

As far as the effect of medication is concerned, early 
studies claimed that MAO activity is not affected (Murphy et 
al. 1974) or even increased (Brockington et al. 1976) by 
neuroleptics. In these last few years, however, a lowering 
effect of antipsychotic drug treatment on the enzyme activity 
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has been reported in rat brain (Leelavathi and Smith 1980) as 
well as in human platelets (Jackman and Meltzer 1980; 
Chojnacki et al. 1981), and this finding has been supported by 
in vitro studies (DeLisi et al. 1981). 

The aim of the present investigation is to verify these last 
data, determining platelet MAO activity in a large population 
of drug-free and haloperidol-treated schizophrenic patients, 
and testing in vitro the effect of different concentrations of 
haloperidol on the enzyme activity. 

Subjects and Methods 

In Vivo Study. Two groups of patients and a normal control 
population were utilized. 

The first patient group consisted of 75 schizophrenics (35 
males and 40 females, age range 1 6 - 5 4  years, mean + SD 
28.4 + 10.0), who had been medication-free for 2 weeks. 
They were diagnosed and subtyped into paranoid (n = 55) 
and hebephrenic (n = 20) according to ICD-9, and divided 
into acute (n = 41) and chronic (n = 34) on the basis of the 
criteria reported by Strahilevitz et al. (1975). Before the off- 
drug period they had all been exposed to neuroleptic drugs 
(including haloperidol, chlorpromazine, thioridazine and 
clotiapine) for at least 2 months. None of them had been ever 
treated with depot neuroleptics. 

The second patient group comprised 55 schizophrenics 
(24 males and 31 females, age range 1 8 -  52 years, mean + SD 
29.0 _+ 9.0), who were on treatment with haloperidol (at doses 
ranging from 6 to 25 mg/day) for at least 2 months, and had 
been never exposed to MAO inhibitors, tricyclic antide- 
pressants or lithium. They were diagnosed, subtyped into 
paranoid (n = 44) and hebephrenic (n = 11) and divided into 
acute (n = 30) and chronic (n = 25) according to the above 
mentioned criteria. 

The normal control population consisted of 67 subjects 
(31 males and 36 females, age range 1 7 -  57 years, mean _+ SD 
28.9 _+ 8.5) without personal or family history of major 
psychoses. They had never been treated with neuroleptics, 
MAO inhibitors, tricyclic antidepressants or lithium. 

Alcoholism, drug abuse and neurological and medical 
diseases excluded both patients and controls from entering 
the study. 

Blood samples for MAO estimation were drawn by 
venepuncture at 9 - 1 0  a.m. Platelets were prepared by the 
method of Baezinger and Majerus (1974) as modified by 
Winter et al. (1978), and stored frozen at - 40~ 

MAO activity was assayed by the method of Wurtman 
and Axelrod (1963) as modified by Winter et al. (1978), using 
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14C-tryptamine and ~4C-/%phenylethylamine as substrates. 
Protein concentration in platelet lysates was determined 
according to Lowry et al. (1951). 

Statistical analysis of  data was performed by Student's 
t-test and Pearson correlation coefficient. 

In Vitro Study. Platelet lysates from 21 normal controls were 
preincubated at 37 ~ C for 20 min with haloperidol, at concen- 
trations ranging from 10- v to 10- 5 M, according to DeLisi et 
al. (1981), and the remaining MAO activity was assayed by 
the above mentioned method, using 14C-/~-phenylethyl- 
amine as substrate. 

Statistical analysis of  data was performed by Student's 
paired t-test. 

Results 

In Vivo Study. Mean platelet MAO activity was significantly 
decreased in drug-free (using only tryptamine as substrate, 
P < 0.05) and haloperidol-treated (P < 0.001) chronic schizo- 
phrenics, in haloperidol-treated acute schizophrenics (using 
only ]?-phenylethylamine as substrate, P < 0.05) and in the 
group of  haloperidol-treated schizophrenics as a whole 
(P < 0.01) as compared with the normal control population. 
Furthermore, the enzyme activity was found to be signif- 
icantly lower (P < 0.05) in haloperidol-treated than in off- 
drug chronic schizophrenics (see Table 1). 

Females had higher mean MAO values than males in both 
patient groups as well as in normal controls, but the difference 
was not significant. The enzyme activity did not correlate 
significantly with the age of  subjects. 

The Pearson correlation coefficient between MAO activ- 
ities measured with tryptamine and/~-phenylethylamine was 
0.85 for drug-free schizophrenics, 0.82 for haloperidol- 
treatedschizophrenicsand0.87 fornormalcontrols(P < 0.001 
in each case). 

In Vitro Study. A significant decrease in MAO activity 
(P < 0.00l) was observed after preincubation ofplatelet lysates 
with haloperidol at concentrations of 10 -6 and 10-5 M (see 
Table 2). 

Discussion 

The results of  our investigation are consistent with previous 
reports of  significantly reduced mean platelet MAO activity 
in chronic schizophrenics as compared with normal controls. 

The decrease in the enzyme activity was significantly more 
prominent in haloperidol-treated than in drug-free patients, 
and in vitro experiments also displayed a lowering effect of 
haloperidol on MAO activity at concentrations that are likely 
to be reached in platelets under therapeutic conditions 
(DeLisi et al. 1981). These findings support the recent 
suggestion (Jackman and Meltzer 1980; Chojnacki et al. 
1981; DeLisi et al. 1981) that low platelet MAO values 
observed in chronic schizophrenics might be at least in part an 
effect of  neuroleptic treatment. 

Nevertheless, MAO activity has also been found to be 
somewhat reduced in chronic schizophrenics after a 2-week 
wash-out period, that is, a time in which the entire population 
of  platelets should be replaced (Harker and Finch 1969). It 
should therefore be concluded that MAO decline cannot be 

Table 1. Platelet MAO activity in drug-free and haloperidol-treated 
schizophrenics and in normal controls 

No. Platelet MAO activity (nmoles/mg protein/h) 

tryptamine fl-phenylethylamine 

Drug-free 
schizophrenics 75 4.93 • 1.92 11.93 • 3.21 
acute 41 5.29 • 1.95 12.38 • 3.47 
chronic 34 4.63 • 1.62" 11.60 • 2.80 

Haloperidol- 
treated 
schizophrenics 55 4.35 • 1.86"* 10.69 • 3.18"* 
acute 30 4.93 _+ 2.03 11.31 _+ 2.96* 
chronic 25 3.69 • 1.75"** 10.10 • 2.91"** 

Normal controls 67 5.38 • 1.85 12.75 • 3.58 

All values expressed as mean • SD 
* Significantly lower than in normal controls, P< 0.05; ** P < 0.01; 

*** significantly lower than in normal controls, P < 0.001 and than in 
drug-free chronic schizophrenics, P < 0.05 

Table 2. Platelet MAO activity after preincubation of platelet lysates 
from normal controls with haloperidol (substrate/?-phenylethylamine) 

Platelet MAO activity 
(nmoles/mg protein/h) 

Without haloperidol 
With haloperidol 10- 7 M 
With haloperidol 10- 6 M 
With haloperidol 10 5 M 

12.30 • 3.49 
12.15 • 3.33 
10.97 _+ 2.43* 
9.27 • 2.89* 

All values expressed as mean • SD 
* Significantly lower than without preincubation with haloperidol, 

P < 0.001 

totally ascribed to ant• drug treatment, or, alter- 
natively, that the enzyme activity can be affected in some way 
by prior drug exposure, as suggested by a recent paper (Breier 
et al. 1981). In this study lower platelet MAO activities were 
observed after a 2-week off-drug period in chronic schizo- 
phrenics who had a prior history of  neuroleptic treatment, as 
compared with patients who had never been exp osed to psycho- 
active drugs. 

This long-lasting effect of  neuroleptics on platelet MAO 
activity might be mediated by an action on endogenous 
compounds or hormones (Robinson and Nies 1980), or by an 
influence on some aspects of  the kinetics ofplatelet precursors 
or of the enzyme synthesis within marrow elements (Pisciotta 
et al. 1965). Moreover, it cannot be excluded that some 
neuroleptic metabolites may persist in blood even after a 2- 
week wash-out period, and exert a lowering effect on the 
enzyme activity. 

To conclude, we suggest caution in rejecting the postu- 
lated role of low platelet MAO activity as a "genetic marker" 
of  vulnerability to schizophrenia, also in account of  data re- 
ported by some family studies (Wyatt et al. 1973; Berrettini et 
al. 1980) claiming a reduction of enzyme activity also in 
healthy relatives (never exposed to psychoactive drugs) of 
chronic schizophrenics. We think it should be recognized, 
however, that the amount of data supporting a lowering effect 
of  neuroleptics on MAO activity is now considerable, and 
that the heterogeneity of patient population with regard to 
drug history might be a likely explanation of the discrepancy 
among findings reported in MAO studies. 
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