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Summary. Platelet monoamine oxidase (MAQ) activ-
ity was determined using kynuramine as a substrate
in a group of schizophrenic patients (n=107), a
group of healthy individuals (n = 100), and a group of
psychiatric patients who were neither schizophrenics
nor alcoholics (n=110). No significant difference
emerged between the schizophrenics and the other
two groups, while a significant reduction in platelet
MAO activity in a group of alcoholics (n = 60) was
confirmed. Breaking down the schizophrenic group
according to course of illness, phenomenology (para-
noid-hallucinatory or not) and drug use did not lead
to a significant deviation in platelet MAO activity in
any of these subgroups. It can also be demonstrated
from the literature that the results reached by most
research teams question the usefulness of platelet
MAO activity as a genetic marker for psychiatric ill-
ness.
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Introduction

Monoamine oxidase (MAO, EC 1.4.3.4) has played
an important role in research on the relationship be-
tween brain metabolism and psychoses since reduced
platelet MAO activity was reported in schizophrenics
(Murphy and Wyatt 1972) and bipolar depressives
(Murphy and Weiss 1972). The impact of MAO
studies is apparent from the publications which have
subsequently appeared, some 500 in all. Approxi-
mately 100 of these have been concerned with plate-
let MAO as a biochemical marker for genetic predis-

position to schizophrenia. In spite of several cautious
comments (Wyatt et al. 1979; Buchsbaum et al. 1980;
Sandler et al. 1981; DelLisi et al. 1982), the enticing
speculation that MAO dysfunction in the brain re-
sults in a disturbance of biogenic amine metabolism
leading to increased production of abnormal metabo-
lites with psychotoxic effects has stimulated numer-
ous MAO studies, as has the hypothesis that platelets
can serve as a model for analogous processes in the
brain. Certain similarities between platelets and cen-
tral serotonergic neurones as regards monoamine
transport, storage, metabolism, receptor functions,
and the occurrence of enzymes have been postulated
(Stahl 1977), although some reserve seems warranted
(Achee et al. 1977; Fowler et al. 1982). The fact that
MAO activity deviation has almost never been con-
vincingly demonstrated in the brains of deceased
schizophrenics (Schwartz et al. 1974; Crow et al.
1979) tends to reduce the significance of low platelet
MAO activity levels. Recent evidence indicates that
there is no genuine loss of MAO molecules in the
platelets of schizophrenic patients (Rose et al. 1986)
but, for example, an elevation in platelet membrane
contents of phosphatidylserine leading to MAO in-
hibition (Tachiki et al. 1986; Orologas et al. 1986).
Some investigators were unable to find significant
differences between schizophrenics and controls
(Belmaker et al. 1976; Owen et al. 1976; White et al.
1976; Eckert et al. 1980; Reveley et al. 1980; Koide
et al. 1981; Mann et al. 1981). We have compared
two large control groups (healthy individuals and
nonschizophrenic psychiatric patients) and a group of
alcoholics with a large group of schizophrenic pa-
tients. For reasons of good practicability we used the
assay system proposed by McEntire et al. (1979),
with slight modifications in order to guarantee rep-



resentative platelet yields. Negative findings were
confirmed in our study.

Methods

Three groups were examined in a comparison of platelet MAO
activity, one consisting of schizophrenic patients (definitive in
the sense of Feighner et al. 1972), a control group of normal
healthy individuals (healthy control), and a second control
group of various nonschizophrenic psychiatric patients (psychi-
atric control). No member of these three groups met the
criteria for chronic alcoholism, i.e., a daily alcohol consump-
tion of more than 100 g pure alcohol (comparison calculation
according to Loffler et al. 1979) in the year prior to the index
evaluation. With the conistent studies showing reduced plate-
let MAO activity in alcoholics in mind (Adler et al. 1980;
Fowler et al. 1982}, a further group consisting of chronic al-
coholics who were not schizophrenic was included for compari-
son.

Given the well-documented lowering of MAO in apparent-
ly normal subjects (Adler et al. 1980), we took care to avoid
special selection factors in our healthy control group. This
group, which was composed of nearly equal numbers of sub-
jects from academic and nonacademic backgrounds (51/49),
was selected from those taking part in a study of the relations
between catecholamine metabolism and emotionality (Schnei-
der 1986). The evaluation of their personality questionnaires
showed no peculiarities which would have made them unsuita-
ble as a reference group. Great care was taken to ensure that
no subject had undergone or was undergoing psychiatric treat-
ment or suffered from any acute or chronic disease at the time
of the study. Apart from contraceptives, no drugs were being
regularly taken.

The group of schizophrenics was broken down into the fol-
lowing subgroups (see Table 2): (a) according to course of ill-
ness into subchronic (0.5-2 years since onset of symptoms) and
chronic (more than 2 years since onset of symptoms), and (b)
according to phenomenology into patients with and without
paranoid hallucinatory symptoms by the ICD criteria, 9th revi-
sion. Patients were classified as paranoid hallucinatory if they
predominantly produced delusions or hallucinations in the
history of their illness (ICD 295.3). The patients of the psychi-
atric control, particularly neurotics, depressives, and psycho-
paths (see Table 3), did not show Feighner symptoms of schi-
zophrenia (Feighner et al. 1972). All the patients were inpa-
tients at the psychiatric university clinic, and diagnosis took
place without reference to MAO activity levels.

Determining platelet MAO activity by the method of
McEntire et al. (1979) involved measuring the amount of 4-
hydroxychinoline formed from kynuramine by a fluorescent
technique at 315 nm excitation and 380 nm emission. Platelets
were obtained using a modified method as follows: fresh ven-
ous blood was collected in polyethylene tubes containing
EDTA as anticoagulant. Platelet-rich plasma (PRP) was ob-
tained following centrifugation at 260 g for 10 min at 4°C in a
Sorvall RC 2B centrifuge (rotor HB 4) and processed immedi-
ately. Sodium borate buffer, pH 8.2 (1.6 ml 0.1 M) and 0.2 ml
PRP were equilibrated at 37°C, then 0.2 ml 1.0 M kynuramine
diHBr (Sigma Chemie GmbH, D-8024 Deisenhofen, FRG)
was added and incubated for 1h. In view of substrate inhibi-
tion, the employed concentration of kynuramine was not sat-
urating, nevertheless it exceeded the average Km value of pla-
telet MAO activity (about 0.03 mM) by more than three times.
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The remaining PRP was stored at —20°C in portions of
0.2ml. Samples from various patients and controls were
reanalyzed by a second investigator within 3 months. This en-
abled the degree of precision of the method to be assessed.

Statistical evaluation was carried out using the Statistical
Package for Social Sciences (Nie et al. 1975) and the Statistical
Analysis System (1981, 1985).

Results

We found a very good correlation between the repli-
cate assays of the same sample performed by two dif-
ferent personnel (r =0.97). Table 1 confirms higher
MAO activity in females compared with males. In
addition a reduction in MAO activity in the groups
consisting of patients was apparent when compared
with the healthy controls. Variance analysis of the
mean values in the first 3 groups indicated significant
differences both in females (P<0.01) and males
(P <0.05). Pairwise Scheffé comparisons, however,
failed to show significant differences between the
schizophrenics and the control groups, both for fe-
males and males. A significant difference could only
be found between the two control groups.

The mean values of the alcoholics were signifi-
cantly reduced compared with all other groups (P <
0.05). Female alcoholics showed a more marked di-
vergence in MAOQ activity, reducing the otherwise
significant difference between males and females
from approximately 20% to approximately 10% .

The values for platelet MAO activity were skewed
towards the lower range (Fig.1), confirming results
in the literature (Friedman et al. 1974; Propping et
al. 1981).

A post hoc split of the schizophrenic group ac-
cording to different relevant criteria (chronicity and
phenomenology) did not yield significant differences
of mean MAQO activity between these subgroups
(Table 2). The highly significant age difference of
about 10 years between subchronic and chronic pa-
tients was explained by the selection criteria. Reclas-
sification of the psychiatric controls into subgroups,
based on ICD 9 diagnoses of the patients’ records,

Table 1. Comparison of platelet monoamine oxidase (MAQ)
activity®

Females

n Mean SD n Mean SD

Group Males

Healthy controls 59 895 327 41  11.33- 4.08

Schizophrenics 67 796 332 40 10.52 4.76
Psychiatriccontrols 59 7.35  3.00 51 870 3.55
Alcoholics 31 540 279 29  6.06 3.15

*MAO activity as nmoles 4-hydroxychinoline/108 platelets per h
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PLATELET MONOAMINE OXIDASE ACTIVITY

Fig.1. Frequency distribution of platelet MAO activity a in
healthy controls, b in schizophrenics, ¢ in psychiatric controls,
d in alcoholics. MAO activity is expressed as nmoles 4-hydroxy-
chinoline/10® platelets per h

also did not lead to significant differences between
these groups (Table 3).

Whereas age (means and standard deviations in
parentheses) was comparable between schizophren-
ics (32.24 =11.14; see Table 2) and psychiatric con-
trols (33.15 £11.06; see Table 3), it was lower in
healthy controls (males: 28.56 + 5.91; females: 25.17
+ 4.42) and higher in alcoholics (males: 37.71 +7.81;
females: 41.41 £ 10.96). Within these groups correla-

Table 2. Platelet MAO activity® in subgroups of schizophrenics

Group n  Age MAO
Mean SD Mean SD

Males

(a) Chronicity

Subchronic 50 2744 7171 8.31 3.30
Chronic 17 37.06 9.69 7.02 3.90
(b) Phenomenology

Paranoid-hallucinatory 41 30.54 8.95 8.53 3.67
Without paranoid- 26 28.85 9.69 7.13 3.02
hallucinatory symptoms

Females

(a) Chronicity

Subchronic 24 3242 9.76 9.56 3.99
Chronic 16 41.88 1531 12.03 5.61
(b) Phenomenology

Paranoid-hallucinatory 26 35.42 13.09 10.73 4.97
Without paranoid- 14 3764 1311 1021 4.62
hallucinatory symptoms

® MAO activity as nmoles 4-hydroxychinoline/10® platelets per h

Table 3. Platelet MAO activity® in subgroups of psychiatric
controls

Group n  Age MAO
Mean SD Mean SD

Males

Neurotics 14 3064 882 693 296

Suicide attempts 7 31.8 10.56 736 3.16

Psychopaths 16 2750 8.65 7.69 295

Bipolar depressives 8 40.88 788 547 1.83

Patients with organic 9 3500 12.17 836 3.55
cause

Patients with psycho- 5 3380 1832 8.64 3.28
genic reactions

Females

Neurotics 16 3031 7.52 9.00 3.8

Suicide attempts 13 3538 12.99 884 4.10

Psychopaths 2 2500 1414 506 1.57

Bipolar depressives 7 3914 752 898 311

Patients with organic 6 4517 1525 9.16 3.05
cause

Patients with psycho- 4 3350 6.81 9.27 3.81
genic reactions

Monopolar depressives 2 23.00 2.83 573 3.30

Puerperal psychosis 1 24 8.40

4 MAO activity as nmoles 4-hydroxychinoline/10° platelets per h



Table 4. Comparison of platelet MAO activity® in paralleled groups
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Group Males (n = 11) Females (n = 6)

Age MAO Age MAO

Mean SD Mean SD Mean SD Mean SD
Schizophrenics without neuroleptic medication 28.64 947 8.59 3.54 37.00 11.08 9.27 2.93
Schizophrenics with high neuroleptic dosage 27.82 8.67 10.39 4.52 31.67 8.19 10.99 4.10
Healthy controls 29.00 9.02 9.76 3.50 31.83  4.62 11.27 2.94

2 MAO activity as nmoles 4-hydroxychinoline/108 platelets per h

tions between MAO activity and age were computed.
None of the Pearson coefficients approached signifi-
cance. Therefore the difference in age between groups
was considered negligible.

No correlation could be found between neurolep-
tic dosage and platelet MAO activity in our group of
schizophrenic patients, using standardized figures for
neuroleptic potency according to Haase (1972),
Mason and Granacher (1980), and Langer and Hei-
mann (1983). To establish a crucial test for the effect
of neuroleptics, the existing group of drug-free
schizophrenics (more than 4 weeks without neurolep-
tic medication, n = 17) was compared with a reduced
group of schizophrenics receiving high dosage neuro-
leptic medication (1.75 + 0.86 g equivalents of chlor-
promazine per day, n=17), and a healthy control
group (n =17), paralleled by age and sex (Table 4).
These groups did not show any significant mean dif-
ferences in MAO activity.

Discussion

The demonstration that females show some 20%
more platelet MAO activity than males is probably
the most consistent element in MAQ research (Schoo-
ler et al. 1978; Fowler et al. 1982). Most authors ex-
press the view that platelet MAO activity is largely
genetically determined (Nies et al. 1973; Friedl et al.
1981). Thus platelet MAO activity is a relatively con-
stant factor in the individual, without measurable
daily fluctuations (Wirz-Justice et al. 1975). It made
no difference whether benzylamine (Belmaker et al.
1976; Owen et al. 1976; Bond et al. 1979; Mann and
Thomas 1979; Duncavage et al. 1982; Jackman and
Meltzer 1983), tryptamine (Shaskan and Becker 1975;
Belmaker et al. 1976; White et al. 1976; Eckert et al.
1980; Mann et al. 1981), or tyramine (Owen et al.
1976; Bond et al. 1979; Mann and Thomas 1979)
were used as substrate. As McEntire et al. (1979)
have shown, measuring platelet MAO activity using
kynuramine as a substrate gives almost identical re-
sults to those obtained using benzylamine.

In contrast to these generally confirmed findings,
the claim that platelet MAO activity is decreased in
schizophrenic patients has been contradicted by the
results of numerous studies. Our investigation also
failed, despite the large sample used, to find any sig-
nificant difference between the schizophrenics and
the control groups. Moreover, subclassification into
subgroups did not lead to positive findings.

The idea that reduced MAO activity is only to be
found in certain subgroups of schizophrenics has led
to attempts to group the patients more uniformly ac-
cording to their present symptoms. Lowered MAO
activity was found by Schildkraut et al. (1976) par-
ticularly in schizophrenics with auditory hallucina-
tions and/or delusions. Further publications have
duplicated these findings (Orsulak et al. 1978; Adler
et al. 1980), while Groshong et al. (1978) and Mann
and Thomas (1979) were unable to confirm them.
Similarly, a subgroup consisting of paranoid-hal-
lucinating schizophrenics in our sample showed no
significant reduction in MAO activity.

Berrettini et al. (1980) and Baron et al. (1981), on
the other hand, claimed a genetic link between low
MAQ activity and patients with a family history of
schizophrenia. This has been contradicted by the
findings of several other groups (Belmaker et al.
1977; Propping and Friedl 1979; DeLisi et al. 1980;
Duncavage et al. 1982). Baron et al. (1984) them-
selves treated their previous findings with more re-
servations when the sample was increased: “How-
ever, the considerable overlap in enzyme activity be-
tween affected and unaffected individuals limits the
usefulness of low MAO activity as a major risk factor
in schizophrenia.”

In addition to the hypothesis of heterogenous sub-
groups, the discrepancies have also been attributed
mainly to differences in the medication of patients.
While some authors assert that neuroleptics at a dos-
age in the therapeutic range have no effect on MAO
activity (Murphy and Wyatt 1972; Shaskan and Bek-
ker 1975; Gruen et al. 1982), others maintain that
neuroleptics reduce platelet MAO activity (Friedhoff
et al. 1978; Jackman and Meltzer 1980; Robinson and
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Nies 1980; Chojnacki et al. 1981; DeLisi et al. 1981;
Owen et al. 1981; Rawat et al. 1981; Meltzer et al.
1982; Maj et al. 1984). While neuroleptics probably
do influence MAO activity in the long-term, some
additional factors must be involved, since many rela-
tives of schizophrenics (Berrettini et al. 1980; Re-
veley et al. 1983) and several other psychiatric pa-
tients show low MAQ activity levels without neuro-
leptic treatment.

Pursuing another line of investigation, we were
also unsuccessful in our attempt, using the method of
Berrettini and Vogel (1978), to establish the exis-
tence of an endogenous inhibitor in the blood plasma
of several patients with low MAO activity (Fuisting
1983). Other authors have similarly failed to find any
indication that such plasma caused a significant de-
crease in normal or higher MAO activity (Wise et al.
1979; Yu and Boulton 1979; Demisch et al. 1981).

In a recent publication Tachiki et al. (1986) pre-
sented evidence in favor of inhibition of platelet
MAO in schizophrenics caused by an increased phos-
phatidylserine membrane content. Compared to
healthy controls, a greater additional amount of
phosphatidylserine was needed to achieve a halving
of enzyme activity in schizophrenics, a fact that can
be interpreted as evidence for a completely normal
basal MAO activity in schiophrenics, which is merely
reduced by preinhibition. Such a membrane-coupled
inhibition factor could possibly explain the decreased
MAO activity in females in the postovulatory period
(Belmaker et al. 1974) as well as in males, and would
fit the fact that plasma amine oxidase does not show
sex differences (Murphy et al. 1976). According to
this view, a stronger inhibitory influence should re-
duce the numerical sex difference, an expectation
which is supported by the more pronounced platelet
MAO reduction in female alcoholics. It follows that
the molecular amount of MAO per platelet should
not vary between groups to the same extent as sug-
gested by MAO activity determination. Based on a
novel radioimmunoassay (Fritz et al. 1986), Rose et
al. (1986) did in fact find that the specific concentra-
tion of platelet MAO was not different between fe-
male schizophrenic patients and healthy women,
whereas this specific concentration was even higher
in male schizophrenics compared to healthy men, an
effect that “may reflect a physiological adjustment to
the decreased catalytic capacity of the enzyme in
these individuals”. These authors seemed to favor
“the interpretation that a genetically determined de-
ficiency in MAO B, possibly originating from a struc-
tural defect in the enzyme, could be one factor lead-
ing to vulnerability to schizophrenia”. They quote
the study of Reveley et al. (1983), and interpret its
main result that “platelet MAO activity was found to

be highly correlated between all twin pairs, and was
significantly reduced in both schizophrenics and their
normal twins...” as ”...strong evidence for geneti-
cally controlled lowering of platelet MAO activity in
schizophrenia...”. Why not argue that the missing
MAO activity difference between schizophrenics and
their normal co-twins and the fact that many sub-
stances and various physiological conditions lead to a
lowering of platelet MAO activity (Robinson and
Nies 1980; Sullivan et al. 1980; Demisch et al. 1984)
disproves any definite value of this parameter?

A progression into more complex systems of
hypotheses must be accompanied by stricter criteria
of verification and replication. If enzyme kinetic data
are considered as an improvement in spite of inter-
ference from unforeseeable factors in unpurified
probes, the complexity will be large enough to find
data to support almost any interpretation. No won-
der the conflicting results in the literature on MAO
enzyme kinetics are not easy to explain (Mann et al.
1981). Under strictly controlled and reliable condi-
tions no evidence of abnormal kinetic constants of
MAO could be found in platelets from unmedicated
schizophrenics (Jackman and Meltzer 1983).

After a careful analysis of nearly all the publica-
tions dealing with platelet MAO and schizophrenia,
— and with full awareness of the limitation of such a
global comparative synopsis concerning diagnostic
criteria, laboratory methods, and other parameters —
we reached the conclusion that only 5 out of 30
groups have reported significantly reduced MAO ac-
tivity without reservations, while the majority either
definitely did not find any significant reduction (8
groups) or found reduced activity only for specific
conditions (17 groups). The latter is the case, for in-
stance, in a series of more than 15 publications by
Murphy et al. who restricted their positive findings to
chronic schizophrenia. Remarkably, some members
of this group have — albeit in a different context —
recently presented a result with completely normal
platelet MAO activity for untreated chronic schizo-
phrenics (Karson et al. 1983). Because of limited
space a detailed documentation and evaluation con-
cerning psychiatrically relevant MAO research will
be presented elsewhere (Fleissner and Seifert, in
preparation).

Although there have always been critical reserva-
tions (Friedman et al. 1974; Belmaker et al. 1976;
Mann and Thomas 1979), probably not enough atten-
tion has been paid to the danger of producing bio-
chemical or epistemological artifacts in MAO re-
search (Belmaker 1984; Murphy 1984; Demisch et al.
1985; Siever and Coursey 1985). In conclusion, the
generally contradictory results leave the impression
of complex and obscure interactions which suggest



that MAO when considered in isolation is unsuited as
a pathochemical marker for schizophrenia. This gen-
eral reservation also applies to all the many other re-
search areas where the marker function of this en-
zyme for the hypothesized biochemical bases of be-
havioral traits or disturbances must also be seriously
questioned.
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