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Introduction 
The evidence indicating an association between 

schizophrenia and brain dopamine is of 
pharmacological nature. It emerges from studies 
of two classes of drugs: amphetamines which can 
produce a schizophrenic-form psychosis and 
neuroleptics which can antagonize psychotic 
symptoms in schizophrenic patients. 

This paper was presented at the joint meeting of The 
American Schizophrenia Association, The Canadian Schizo-
phrenia Association and The Schizophrenia Association of 
Great  Britain;   London,  England,  September 28-30,   1871. 

2        ORTHOMOLECULAR  PSYCHIATRY 
Amphetamines, Schizophrenia and Dopamine 

There are many reports in the literature about 
non-psychotic persons developing a temporary 
psychosis after intake of larger doses of 
amphetamines (d-amphetamine, 
methamphetamine, phenmetrazine, etc.). Most 
authors have observed this in addicts, who have 
taken amphetamines chronically but cases of 
psychosis resulting from a single dose or a few 
doses taken within less than 24 hours are also on 
record (Griffith et al. 1970; Angrist and Gershon 
1971; Be-jerot 1969; older references in Randrup 
and Munkvard 1967; Kalant 1966). 

The symptoms of the "amphetamine psychosis" 
differ among individuals but in many cases they 
are very similar to those seen in certain forms of 
schizophrenia, particularly the paranoid form. The 
similarity is such that misdiagnoses have fre-
quently been made (Connell 1958; Hampton 1961; 
Breitner 1963; Mendels 1964; Rickman et al. 
1961; Beamish and Kiloh 1960; Bell and 
Trethowan 1961; Ellinwood 1969; Welsh 1962). 
All   schizophrenic   symptoms   have    
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apparently been observed in the amphetamine 
psychosis including paranoid ideas; auditory 
hallucinations; autism; abnormal social behavior 
(aggression, suspiciousness, avoidance of people, 
etc.), thought blocking and stereotyped behaviour 
(Sano and Nagasaka 1956; Tatetsu et al. 1956;. 
Tatet-su 1960; Utena 1966; Kellner 1960; Ellin-
wood 1967, 1968 and 1969; Welsh 1962; Griffith 
et al. 1970; McConnell 1963; Connell 1957 and 
1958; Rylander 1969 and 1971; Jonsson and 
Gunne 1970; Angrist and Gershon 1971; Shanson 
1956; Rickman et al. 1961; Silverman 1959; 
further references in Randrup and Munkvad 1967 
and 1970). 

Stereotyped behaviour is also seen in animals 
after larger doses of amphetamines (including 
apomorphine). This is a very conspicuous and 
reproducible phenomenon which apparently 
occurs in all mammals. We have seen it in mice, 
rats, guinea pigs, rabbits, cats, dogs, squirrel 
monkeys and vervet monkeys. The kind of activity 
performed depends on the species. Rodents 
perform continuous sniffing, licking or biting, cats 
make continuous head movements as if looking 
around (stereotyped sniffing or grooming also 
reported) and monkeys repeat certain movements 
or simple behavioural patterns continuously 
(Randrup and Munkvad 1967, 1970 and 1971; 
Ellin-wood 1969, 1971 and 1971a and in press). 

This stereotyped behaviour has been studied 
extensively in the latest years in various 
laboratories including our own, and strong 
evidence now indicates that it is produced by an 
effect of the amphetamines on dopamine or 
dopamine receptors in the nigro-striatal system in 
the brain. This evidence is of biochemical nature 
(analysis of dopamine and its metabolites as well 
as other amines in the brain) and of anatomical 
nature (micro-injections and lesions in the nigro-
striatal system), (Randrup and Munkvad 1968, 
1970 and 1971a; Jonas and Scheel-Kriiger 1969; 
Fog and Pakkenberg 
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1971; Ungerstedt 1971 and 1971a; Unger-stedt et 
al. 1969; Cools and van Rossum 1970). 

In various experiments with rats, mice and 
monkeys in pairs or groups we found that the 
stereotyped behaviour was accompanied by social 
isolation, aggression and other changes in the 
social behaviour (Schi0rring and Randrup 1971; 
Kjellberg and Randrup, in press; Hasselager et al. 
in preparation). The biochemical basis of these 
social effects has not been extensively studied but 
recently we found indications that the aggression 
of amphetamine-treated mice was mediated by 
dopamine in parallel with the stereotypy 
(Hasselager et al. in preparation). 

Neuroleptics, Schizophrenia and Dopamine 

Neuroleptics have therapeutic effects against 
psychotic symptoms in schizophrenia including 
stereotyped behaviour, (Munkvad et al., in press) 
and also antagonize stereotyped behaviour induced 
by amphetamine or apomorphine in animals. 
These two effects are highly correlated and testing 
of the anti-stereotypy effect in rats is used for 
preclinical evaluation of possible antipsychotic 
effect of new drugs (Bobonetal. 1970). 

The antagonism of stereotyped activity by 
neuroleptics is not due to a general sedation of the 
animals. Concurrently with inhibition of the 
stereotyped, continuous sniffing, licking or biting 
of rats the neuroleptics cause increase of other 
activities such as grooming, rearing and 
locomotion (Randrup and Munkvad 1965; Philips 
and Bradley 1969; del Rio and Fuentes 1969). 
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The specific character of the antagonism of 
amphetamine stereotypies by neuroleptics makes it 
probable that the neuroleptics inhibit the nigro-
striatal dopaminergic system, which is activated 
by amphetamine (Randrup 1970). This contention 
is supported by biochemical and anatomical ex-
periments which indicate that neuroleptics of the 
phenothiazine (e.g. chlorpromazine) or 
butyrophenone (e.g. haloperidol) types block 
dopamine receptors, while those of reserpine type 
disrupt storage mechanisms for dopamine in the 
neurons (reviews by Munkvad et al. 1968; Bobon 
et al. 1970; new evidence: Cools and van Rossum 
1970; Fog et al. 1971; Scheel-Kniger in press; 
Nyback et al. 1970; Ungerstedt et al. 1969; 
Janssen et al. 1968). 

Neuroleptic treatment of schizophrenia is often 
accompanied by neurological side effects (rigidity, 
tremor, etc.), which are closely reminiscent of 
Parkinson's disease (Solow 1971 with further 
references). Since there is strong evidence that 
Parkinson's disease is due to reduced 
dopaminergic activity in the nigro-striatal system 
(Costal et al. 1966; Hornykiewicz, in press) this is 
another indication of reduction of dopaminergic 
activity by neuroleptics. In the genuine 
Parkinson's disease there is therapeutic effect of 1-
DOPA which gives rise to increased dopamine in 
the brain; among the side effects of this therapy 
are mental symptoms i.a. psychosis, paranoid 
delusions and stereotyped behaviour (Jenkins and 
Groh 1970; Barbeau 1970; Knopp et al. 1971; 
Calne 1970). 

It therefore seems that dopamine in the brain is 
associated with both neurologic and psychotic 
phenomena. Another example of this is the fact 
that neuroleptics also have therapeutic effect in 
various  

neurologic diseases with symptoms of hyper-
kinesia e.g. Huntington's chorea (Brand-rup I960; 
Bruyn 1968; Snyder et al. 1970; Klawan 1970). 

Patients with Huntington's chorea often have 
psychotic symptoms also and may be diagnosed 
schizophrenics before the hyperkinetic movements 
start (Panse 1942; Bruyn 1968); this disease was 
actually studied as a model of schizophrenia by C. 
and O. Vogt (Kolle 1959). 

CONCLUSIONS AND COMMENTS 

The evidence which is reviewed (in short 
fashion) above suggests the hypothesis that in 
schizophrenic patients (particularly those who 
benefit best from neuroleptics) there is 
hyperactivity of the nigro-striatal dopamine 
system in the brain. 

Further test of this hypothesis would be 
interesting. Particularly there is now a lack of 
knowledge about the turnover and metabolism of 
dopamine in the brain of schizophrenics and also 
about the balance between dopaminergic and other 
systems in these brains. 

In cases of Huntington's chorea the amounts of 
dopamine and its metabolite homovanilic acid was 
found within normal limits in the brain and 
cerebrospinal fluid (Aquilonius and Sjostrom 1971 
with further references). An improvement 
(reduction of involuntary movement) was obtained 
by therapy with physostigmine which causes an 
increase of cholinergic activity (Aquilonius and 
Sjostrom 1971). It is therefore possible that in 
these choreatic patients there was an excess of 
dopaminergic relative to cholinergic activity. 
These results are referred here as an example of 
the complex problems which may be encountered 
in studies of brain amines in patients. 
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 Editorial Comments . . . Continued from inside front cover 

'The literature of the last twenty-five years is a 
bewilderment rather than a guide to the practical 
clinician. This implies no disparagement of greatly 
improved experimental methods of drug testing, of 
double-blind techniques and statistical 
sophistication generally: but one can not get out of 
a series of observations, however treated 
mathematically, more data than was actually 
observed and recorded. The attentive and 
discriminating observer 

who adds daily to his experience over a period of 
years, has the possibility of insights that can be 
gained in no other way and are certainly beyond the 
reach of experimental design—.' 

In the Journal of ORTHOMOLECULAR 
PSYCHIATRY, "The attentive and discriminating 
observer" will have a voice in unison with those 
who are statistically sophisticated. 

J. Ross MACLEAN, M.D. 
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