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Summary. 1. Data supporting the glutamate hypothesis of schizophrenia are
presented. The glutamate hypothesis is linked to the dopamine hypothesis by
the fact that dopamine synapses inhibit the release of glutamate in the striate
and mesolimbic system. The glutamate hypothesis of schizophrenia may
open a way to find better drugs for treatment,

2. The concept of schizophrenia I is described. It consists of “negative
symptoms” such as disconcentration or reduction of energy. Schizophrenia I
precedes and follows schizophrenia II with “positive symptoms,” e.g. halluci-
nations and delusions. Schizophrenia I so far cannot be diagnosed as schizo-
phrenia unless schizophrenia II appears. Chemical, physiological or neuro-
psychological methods for the diagnosis of schizophrenia I would render an
earlier treatment of schizophrenia possible and thus make social and occupa-
tional rehabilitation more efficient. An objective diagnosis of schizophrenija I
may also elucidate the mode of genetic transmission of schizophrenia.

3. Several neuropsychological methods distinguish schizophrenic patients
as a group from normals. Some of them are based on a specific disturbance of
long term concentration.

4, The EEG also distinguishes schizophrenics from normals when ana-
lyzed during voluntary movement. For schizophrenics it takes more effort to
initiate a voluntary movement, and there are several features of the EEG cor-
related to this. Moreover, the longer motor reaction time of schizophrenics
is parallelled by a longer duration of the Bereitschaftspotential in schizo-
phrenia. Furthermore, there is a difference in the theta rhythm between
schizophrenic patients and normals in a task which requires concentration.

5. Some of the children of schizophrenic parents show a disturbance of
concentration in both reaction time tasks and the d 2 test.

6. Itis hoped that this line of research may lead to an earlier and more effi-
cient treatment of schizophrenic patients. In the present situation most
schizophrenic patients are treated too late and some of them are not helped at
all.
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Chemistry of Schizophrenia: the Glutamate Hypothesis

It is established beyond a reasonable doubt that schizophrenia has some genetic
origin [5, 8, 31] and should, therefore, have some chemical basis. The search for
psychotomimetic substances has so far been unsuccessful [16]. It is well docu-
mented, however, that neuroleptic drugs are effective in the treatment of schizo-
phrenia, and the most likely mode of action of the neuroleptics is the blockade of
the dopaminergic synapses [3, 33, 34, 36]. It has been hypothesized therefore that
the primary cause of schizophrenia might be some disorder of the dopaminergic
system. A hyperactivity of the dopaminergic endings could not be demonstrated,
and consequently it was argued that there might be a hypersensitivity of the dop-
aminergic receptors in schizophrenia. This speculation, however, is not convinc-
ing in view of the fact that the hypersensitivity of dopaminergic receptors pro-
duced by long term neuroleptic treatment does not resemble schizophrenia.

Recently a new biochemical hypothesis of schizophrenia arose [20] from the
finding that CSF glutamate is reduced in schizophrenic patients [18]. These
results are not effects of neuroleptic drugs, since haloperidol even in high doses
does not diminish the CSF glutamate leve! in the rat. Glutamic acid is probably
the most important excitatory transmitter of the forebrain. Specifically, it is the
transmitter of the cortico-striate and cortico-mesolimbic fibers [17].

The reduction of glutamic acid in the CSF of schizophrenic patients has
recently been denied [29]; on closer consideration however, the author found the
CSF glutamate in normal controls 40% higher than in schizophrenic patients.
The small number of patients and the poor analytical method gave rise to the
erroneous findings, and Perry admitted: “Our method .. . is not sensitive enough
for highly accurate measurement of the low concentrations of glutamate we find
in human CSF.” His figures were an order of magnitude lower than those of alt
other investigators [7, 9, 18, 38]. In another negative paper [6] the CSF was taken
from patients in Brazil where it could not be stored at —80° C and than brought
over to Germany for analysis, so that changes in the concentrations of glutamine
and glutamate were likely to occur, especially since the concentration of glut-
amine is about ten times higher than that of glutamate. Thus the findings of Kim
et al. [18] are probably stiil the best data available so far.

How may the therapeutic action of neuroleptic drugs be related to the glut-
amate findings? Dopamine blocks the release of glutamate in the striate [32). The
primary disturbance in schizophrenia might therefore consist of a hypoactivity of
the glutamatergic neurons. Their celis of origin are in the cortex, and their fibers
end in the striate and mesolimbic system. Thus blocking the inhibitory dopamin-
ergic synapses by neuroleptics may result in enhanced release of glutamate.

Several experimental findings support this hypothesis: 1. Amphetamine
enhances dopaminergic activity, and some amphetamine psychoses resemble
schizophrenia. Chronic amphetamine treatment in the rat results in low CSF
glutamate and in high brain glutamate in striate, hippocampus and frontal cortex
[19]. 2. Neuroleptic drugs are expected to have the opposite effect: increase in
CSF glutamate and reduction in brain tissue glutamate; this has been found in
animal experiments with Sulpiride [21]. 3. Glutamate antagonists cause symp-
toms similar to schizophrenia. Glutamic acid diethylester induces catalepsy in
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rats when injected into the lateral ventricle [25]. Phencyclidine and ketamine
cause psychoses similar to schizophrenia in man; the horror trips following
ketamine are well-known in anesthesiology. Phencyclidine is widely used as an
hallucinogenic drug in America (“angel dust”). Both Phencyclidine and ket-
amine are probably antagonists of glutamate. 4. The axo-axonic synapses postu-
lated by the glutamate theory of schizophrenia have been found morphologically
in the striate [26]. — The influence of dopamine on the cortico-striatal and cortico-
mesolimbic fibers may, however, also be mediated by gaba-ergic interneurons.
We found a dose-dependent increase of the GABA level in the rat striatum
under chronic haloperidol (submitted).

The glutamate hypothesis of schizophrenia may perhaps be of practical value
in finding better drugs for the treatment of schizophrenic patients by searching
for substances which abolish the action of glutamate antagonists. Such investiga-
tions may perhaps be possible in the peripheral neuromuscular system of in-
vertebrates, since in the grasshopper and in the crayfish neuromuscular trans-
mission is glutamatergic.

Schizophrenia I and II and Social Consequences

The psychosis with “positive” symptoms (hallucinations, delusions) is usually
only a part of the course of schizophrenic illness. Before and after the positive
symptoms there are stages of the disease characterized by negative symptoms
such as disconcentration or reduction of psychic energy [13]. It is a finding of
several detailed studies of schizophrenia that in retrospect the defect symptoms
(appearing after the end of the first acute psychosis) did in fact precede the onset
of that psychosis as prodromal symptoms [2, 13]. Since the disease with the nega-
tive symptoms comes first, it has been called schizophrenia I, while the psychosis
with positive symptoms was termed schizophrenia II [22]. Unfortunately, the
uncharacteristic symptoms of schizophrenia 1 cannot be diagnosed so far as
schizophrenia unless schizophrenia II appears. This is the reason why schizo-
phrenia is usually diagnosed and treated so late that the social relations of the
patient have already been seriously disturbed by the disease. Social and occupa-
tional rehabilitation in schizophrenia would be easier if the diagnosis could be
made at the stage of schizophrenia I.

Furthermore, there are probably many patients who have only schizophrenia
I and never schizophrenia II. When schizophrenia starts in childhood, the clini-
cal picture usually resembles schizophrenia I and is therefore often misdiag-
nosed as low grade mental deficiency. In the families of schizophrenic patients
low grade mental deficiency is above average [10,11]. It has been suspected
by researchers who elucidated the course of schizophrenia that “latent schizo-
phrenia” may be the most common, but undiagnosed form of schizophrenia [13].
Many of the undiagnosed patients are probably in casual wards and prisons in-
stead of being successfully treated.

For these and similar reasons we need methods for the objective diagnosis of
schizophrenia I from chemical, physiological or neuropsychological data. Such
methods may also elucidate the discussion of the mode of genetic transmission of
schizophrenia which so far is based on the diagnosis of schizophrenia II [8].
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Neuropsychological and Physiological Methods for the Diagnosis of Schizophrenia I

A disturbance of the smooth pursuit eye movements in schizophrenic patients
has been described [12]. Reinvestigating it we found this disturbance so small that
it was not useful as a diagnostic tool. The saccadic eye movements, however, toa
random stimulus program showed consistently increased latencies, nonfixation
and dysmetria [1,32a]. A comparison with depressed patients showed that dys-
metria is characteristic for schizophrenia and does not occur in depression. The
disturbance of saccadic eye movements in schizophrenic patients is not due to
neuroleptic treatment as was confirmed by control experiments. In these patients
the saccadic disturbance is obviously not a motor problem since normal saccades
are sometimes seen between disturbed saccades. Obviously the disturbance is
due to the impairment of concentration which is a basic sign of schizophrenia 1.

It is an old finding that the simple reaction time in schizophrenics is longer
than in normal controls. Furthermore, while normals can shorten their reaction
time over a waiting period of approximately 20 s if a warning stimulus precedes
the indicative stimulus by a fixed time, schizophrenic patients can do so only for
3 s; thereafter, their reaction time is even longer than without warning [35]. This
cross-over phenomenon is specific for schizophrenia [30]. Combining the simple
reaction time with the cross-over data from.experiments with warning stimuli
we could empirically define a score which distinguishes all our schizophrenic
patients so far investigated from the normal controls adjusted for age and intelli-
gence [14].

Since the investigation should be extended to the children of schizophrenic
patients, normal children were investigated for comparison [24]. The younger the
child, the longer is the simple reaction time in normal children. However, normal
children are able to shorten their reaction time over the same period (about 20 s)
as adults when a warning stimulus is given with a fixed interval before the indica-
tive stimulus. The cross-over phenomenon of schizophrenic patients indicates
that schizophrenics can concentrate for only 2 s. After that, the intention to con-
centrate increases their reaction time even more. This cross-over phenomenon
does not occur in normal children.

A significant difference between schizophrenic patients and normal controls
(adjusted for age, sex and intelligence) was also found with random button push-
ing. In this test [28] a number of buttons arranged irregularly on a plate have to be
pressed in random order. Using the statistics of information theory, entropy is
calculated as a measure of randomness. This test also divides the schizophrenic
patients from the normal controls significantly. The schizophrenics are
obviously unable to concentrate over a longer time, to memorize the order of
button pressing or to generate a random motion pattern [14].

EEG Diagnosis of Schizophrenia

Until recently attempts to find EEG signs of schizophrenia were unsuccessful.
The occurrence of slow (delta) waves in the EEG of schizophrenic patients is
probably a nonspecific correlate of the inability to maintain a steady level of alert-
ness. We could not confirm that schizophrenic patients have increased beta
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power density [15]; perhaps the American finding was due to tranquillizers.
However, when comparing the EEG at rest with the EEG in the Bereitschafts-
potential [23] period before a voluntary movement and during the voluntary
movement, six BEEG signs of schizophrenia were observed {39,40]. For these
fnvestigations a new method of EEG analysis was developed which allows ana-
lysis of the frequency content from EEG segments of 1 s duration [4].

In normal controls there is little change in the alpha rhythm during simple
finger movements. In schizophrenic patients however, the alpha central fre-
quency increases significantly from the Bereifschaftspotential period (1 s before
the movement onset in the EMG) to the movement period, This corresponds to
the fact that for schizophrenics it takes more effort to initiate a voluntary move-
ment. Sirilarly, the alpha power density is more reduced in schizophrenic
patients from rest to movement over the motor and parietal cortex than in normal
controls. Untreated acute schizophrenic patients have less surface negative shift
during the Bereitschaftspotential than normals. In well treated schizophrenics
the Bereitschaftspotential lasts twice aslong as in normal controls of the same age
and intelligence (1.5 vs 0.8 s). This corresponds to the fact that the schizophrenics
have a longer motor reaction time. Despite the long rise of the Bereitschafts-
potential, however, the amplitude is small in schizophrenia. In central and parie-
tal leads during rest schizophrenic patients have significantly more theta power
density than normals. In normals the alpha central frequency is significantly
slower over the motor and supplementary motor areas than over the parietal cor-
tex. This difference is significantly diminished in schizophrenic patients [39, 40].
Furthermore, there are significant differences in the theta rhythm which is of
limbic origin and shows maximum amplitude over the midline of the forebrain.
The theta rhythm becomes slower and larger in reaction time experiments with
warning stimuli. In such experiments the theta rhythm is faster in schizophrenic
patients than in normals (Foit, Grozinger, Kornhuber et al. unpublished).

Children of Schizophrenic Patients

In view of the specific schizophrenic disturbance of long term concentration,
research workers should not be demotivated by the negative findings of studies
with nonspecific hypotheses such as lability of the autonomic nervous system as
basis for vulnerability to schizophrenia {27]. So far we can distinguish schizo-
phrenic patients as a group significantly from the group of normal controls.
Whether the methods are good enough to make the diagnosis in the single case is
a task for further investigation.

Furthermore, we can now present data from an investigation of 18 chil-
dren of schizophrenic parents; this study has been carried out in collabora-
tion with Dr. Gisela Stolz. As stated above, normal children are able to short-
en their reaction time over about the same period as adults when a warning
stimulus is given with a fixed interval before the indicative stimulus. A substan-
tial number of the children of schizophrenic parents however, behave similarty to
adult schizophrenic patients; therefore, all 18 children of schizophrenic patients
taken together can shorten their reaction time only for approximately 5 s, and
after that there is a pathologic cross-over phenomenon as in schizophrenic
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patients. This disturbance of concentration in the reaction time task in some
children of schizophrenic patients is correlated with a disturbance of concentra-
tion as measured by the d 2 test of Brickenkamp in the same children. These pre-
liminary data from 18 children encourage us to continue this long term research
which may, as we hope, ultimately lead to an earlier diagnosis and more efficient
treatment and rehabilitation of the schizophrenic patients, avoiding long hospi-
talisations and using the traditional family and occupational feedbacks in addi-
tion to pharmacotherapy.
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Note Added in Proof

There is supporting indirect evidence from a post mortem investigation of the brains of
schizophrenic patients for a possible role of Glutamatergic transmission in the etiology of
schizophrenia in the recent paper of T.Nishikawa et al., Neurosci Lett 40 :245-250, 1983



