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Theories which combine correct and false facts are more dangerous to science than
complete errors; and hypotheses which are only “justified in a certain sense” always create
confusion because the necessary reservations cannot always be stated. Clearcut concepts
can only be formed if we ruthlessly reject everything that does not belong to them,
regardless of whether we are dealing with simple problems or with entire theories.

Eugen Bleuler (1)

INTRODUCTION

The unusual attention that brain dopamine (DA) has received in the 20 years since
its identification in the mammalian brain (2) is due mainly to two factors: (a) the
discovery that in Parkinson’s disease there is a specific deficit of nigro-striatal DA
(3) [this discovery formed the basis for the successful application of DAs precursor
L-DOPA in the treatment of Parkinson’s disease (4-6)]; and (b) evidence implicat-
ing brain DA in psychotic disorders, especially the schizophrenic syndrome.

Whereas the role of the nigro-striatal DA in the pathophysiology, symp-
tomatology, and treatment of Parkinson’s disease can be regarded as established (7,
8), the evidence implicating brain DA in psychotic disorders is mainly pharmacolog-
ical, that is to say, indirect in nature; therefore, it has to be considered at present
as largely hypothetical.
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Since several excellent recent reviews dealing with the role of DA in psychotic
disorders, especially schizophrenia, are available (9-11), the purpose of this essay
is to examine critically only the most crucial evidence and, where possible, to
introduce new elements into the discussion of this complex research field. Taking
into account the nature of the available evidence, the discussion concentrates on the
following points: (a) the possible relationship between the special distribution pat-
tern of brain DA and the anatomical substrate(s) of disturbed behavior; (6) the
possible anatomical substrates of the schizophrenic disorders; and (c¢) the relation-
ship between drugs mimicking or blocking DA effects respectively, their possible
mechanisms of action, and their effects in patients suffering from the schizophrenic
disorders.

BRAIN DA AND THE NEUROPATHOLOGY OF BEHAVIOR

There are three major DA neuron systems in the mammalian brain [for review and
references cf (12)]. These are (a) the nigro-striatal system, which originates in the
(melanin-containing) neurons of the compact zone of the substantia nigra and
terminates diffusely in the caudate nucleus and putamen (the corpus striatum or
striatum), and probably also in the nucleus accumbens (13); () the mesolimbic
system, which originates in the ventromedial tegmentum of the mesencephalon just
dorsal and lateral to the interpeduncular nucleus (area A 10 of Dahlstrom and Fuxe,
nucleus paranigralis in the human brain) and projects to the nucleus accumbens,
olfactory tubercle, and the central amygdaloid nucleus [recently, a projection system
probably originating in area A 10 has been described as terminating in several limbic
cortical regions (14-16)]; (c) a system consisting of short neurons, arising mainly
in the anterior part of the arcuate nucleus of the hypothalamus and terminating in
the external layer of the median eminence (the tubero-infundibular DA system).

There is evidence from animal experiments to show that each of these three DA
systems may be involved in a variety of behavioral reactions which, by way of
analogy, may be assumed to have some relevance to the behavioral disturbances seen
in psychotic patients.

Over the past ten years a great deal of information has accumulated related to
the role of the subcortical DA systems in the functioning of the basal ganglia (mainly
corpus striatum) as well as certain structures belonging to the limbic forebrain (cf
17). The majority of these studies deals with the behavioral pharmacology of the
corresponding DA systems. In this respect, it is important to stress that despite
many attempts, at present the work on the role of the subcortical DA in behavior
does not seem to permit a clear-cut functional distinction to be made between the
striatal and the limbic DA systems. On the whole, the results of the pertinent studies
suggest that the role of the subcortical structures such as the striatal co.aplex, the
nucleus accumbens, and the olfactory regions, in the elaboration of patterns of
locomotor as well as stereotyped behavior is critically dependent on the intactness
of their dopaminergic innervation. Similarly, various forms of conditioned avoid-
ance behavior have been shown to depend predominantly on the activity of these
dopaminergic forebrain systems. [For comprehensive review and references, cf (17).]
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Recent experimental evidence also suggests that the subcortical dopaminergic sys-
tems may be critically involved in reward-seeking behavior (18) as well as mecha-
nisms controlling memory consolidation and retention (19). The role of the recently
described mesocortical (limbic) DA system has not yet been established. There is,
however, preliminary evidence suggesting that this system may participate in re-
sponses of the central nervous system to stress because it seems to react to stressful
procedures much more sensitively than the coritcal norepinephrine or any of the
subcortical monoamine systems do (20).

The relation of the median eminence DA to behavior is suggested by the finding
that, on one hand, this DA system takes part in the control of secretion of hypo-
physeal hormones (especially prolactin and luteinizing hormone) (cf 21); on the
other hand, hypophyseal hormones recently have been postulated to exert significant
actions on several behavioral parameters (22). However, details as to the behavioral
consequences of disturbed functioning of the median eminence DA have not yet
been worked out.

The above observations in laboratory animals on the role of brain DA in behavior
furnished the basis for the notion that, by analogy, at least certain behavioral
abnormalities that regularly recur in psychotic patients may in fact be related to a
disturbed functioning of brain DA systems. It is obvious, however, that the question
as to a possible involvement of brain DA in psychiatric disorders, particularly
schizophrenia, is ultimately nothing less than the repeatedly posed question as to
the neuroanatomical substrate of these disorders.

NEUROANATOMICAL SUBSTRATES OF THE
SCHIZOPHRENIC DISORDER

The question whether the schizophrenic condition has an underlying cerebral
neuropathology has as yet remained unanswered. At the beginning of this century,
Eugen Bleuler expressed the view (1) that *‘complete justice to all these factors (i.e.
in schizophrenia) can only be done by a concept of the disease which assumes the
presence of (anatomical or chemical) disturbances of the brain.”” As the primary
disturbance in schizophrenia Bleuler saw a disturbance of *“association” and ‘“‘ten-
sion.” Bleuler seems to have favored a rather widespread disturbance mainly at the
neocortical level since he firmly rejected all “focal” hypotheses such as those of
Kleistor Wernicke as well as Berze’s suggestion of a lowered or defect “energy flow”
to the cortex from subcortical structures (cf 23). A detailed discussion of the various
hypotheses related to a possible neuropathology of mental illness is outside the scope
of this article. It is, however, relevant in this context to note that, more recently,
dysfunction of two of the most important DA-rich brain parts, namely the corpus
striatum and the limbic system, has been discussed in relation to a possible patho-
physiology of psychotic disturbances.

Corpus Striatum and the Schizophrenic Disturbance

In 1955, Mettler (24) proposed the hypothesis that in schizophrenia there might
exist a disturbed function of the striatum. He based his hypothesis on observations
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obtained in experimental animals showing that lesions of the striatum produced a
form of physiological deficit which included, as one of its principal features, a
disorder of perception. Specifically, Mettler (25-27) observed in cats with striatal
lesions (which were added to a frontal cortex removal) a profoundly vacuous ap-
pearance of the animals; a visual, auditory, and labyrinthine disregard; paucity of
eye movements; failure to react adaptively to situations and objects in the field of
vision as well as a tendency to push forward into objects and fall down declivities.
Furthermore, the animals displayed a great deal of stimulus binding (for example,
they tended to follow rigidly moving objects placed directly before their eyes),
cursive and essential hyperkinesias, pushing, leaping, resistance to superimposed
postures, and passive movement. Also, cats with large, bilateral striatal lesions lost
their ability to perform as well as to relearn tasks previously learned (28).

From these observations Mettler concluded that the striatum may be importantly
involved in the organism’s ability to relate itself to its environment by coordinating
the shifting of attention from one source of sensory input to another. These *“moni-
toring comparisons” of the striatum Mettler conceived of as necessary in order to
maintain contact with, and make an adequate interpretation of, the source of exoge-
nous stimuli, as well as to reinforce memory and sustain an adequate level of
intellectuality. Since according to Mettler the striatum also supresses the thalamo-
pallidal circuits concerned with deep afferents and vision, its overall role was to free
the organism from proprioceptive dominance, thus putting it in a position to react
to alternative stimulus configuration, that is, to make choices. Mettler proposed that
the primary defect in schizophrenia may consist of an analogous disturbance of
perception, that is, inability to shift attention from one source of sensory input to
another, caused by a dysfunction of the striatal nuclei.

While Mettler’s concept has to be regarded as highly speculative, recent work on
the role of the caudate nucleus in complex behavior seems to furnish a certain degree
of experimental basis for such a possibility. Thus, it has been convincingly demon-
strated [for review and references, see (20)] that localized lesions of the caudate
nucleus result in disturbances of such complex behaviors as retention of delayed
responses and delayed alternation, spatial reversal, visual and auditory “go-no go”
discrimination, delayed successive discrimination, object reversal, as well as bar
pressing extinction, and various activity measures. Most importantly, however, the
existence of a functional relation between the caudate nucleus and the prefrontal
cortex has been demonstrated (cf 29); thus, lesions of the prefrontal cortex produce
analogous disturbances of complex behavior like those produced by caudate lesions
(see above). In the light of these experimental findings, it is conceivable that a
disturbed relationship between the prefrontal cortex and the corpus striatum may
produce complex behavior disturbances not dissimilar to those seen in psychotic
patients.

Limbic System and the Schizophrenic Disturbance

Recently, attention has been drawn to a possible involvement of the brain’s limbic
system in at least some forms of schizophrenia [for review, cf (30)]. The notion that
the limbic forebrain system may be relevant to psychic functions can be traced back
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to the concept, proposed by Papez (31) in 1937, that this forebrain system may
“constitute a harmonious mechanism which may elaborate the functions of central
emotion, as well as participate in emotional expression.” From the anatomical point
of view the limbic system, like the striatum, is unique insofar as it is mainly
interconnected with the reticular formation of the fore- and midbrain, to which it
sends and from which it receives all of its noncortical connections. (The connections
with the thalamoneocortical apparatus are phylogenetically a more recent addition.)
In particular, the strong connections between the limbic system and the hypo-
thalamus suggest that the functional state of the latter is inseparably related to the
patterns of neuronal activity in the limbic-reticular formation system as a whole
32).

In his fundamental work on the limbic system, MacLean (33, 34) has appropri-
ately pointed out that the anatomical situation of the limbic system within the
forebrain is such as to enable it to correlate and integrate every form of internal and
external perception. On the experimental level, a great number of studies have
convincingly demonstrated that laboratory animals with experimentally induced
damage to the limbic forebrain structures exhibit a series of disturbances such as
inappropriate behavior, changes in sexual drives as well as changes in emotion and
affect, and impairment in the ability to screen out multiple visual stimuli [for
references, see (30)]. In the light of this experimental evidence it is interesting to note
that some of the early symptoms in patients with schizophrenia seem to correlate
with functions of the limbic system. Specifically, disturbance of visual perception,
namely, difficulty in synthesizing the incoming visual stimuli into a whole picture,
has been suggested as representing a common early symptom of the disease (35).
In addition, studies with implanted recording electrodes have detected electrical
abnormalities specifically from limbic structures in schizophrenic patients (cf 30).
Finally a relationship between the limbic system and the schizophrenic disturbance
seems to be suggested by observations showing that cases with known limbic system
pathology—such as temporal lobe epilepsy, as well as encephalitis and brain tumors
involving limbic structures—frequently occur with schizophrenia-like symptoms
(30).

In connection with the above concepts implicating the corpus striatum and the
limbic system respectively, in the pathophysiology of psychotic disorders, it is
important to stress that these concepts are by no means mutually exclusive. As
Nauta (32) has pointed out, despite their differing anatomical structure and func-
tional significance, the corpus striatum and the limbic forebrain system have a very
important characteristic in common: they both are virtually devoid of afferent fibers
from the phylogenetically more recent lemniscus systems, receiving a large part of
their afferent systems directly from the reticular formation of the brain stem. Thus,
Nauta visualizes the striatum and the limbic forebrain system as representing jointly
the brain’s “analyzer-integrator system of the second order,” being interposed be-
tween the first and third order analyzer-integrator systems of the brain stem reticu-
lar formation and the thalamoneocortical apparatus respectively. The possible
interrelation between the striatum and the limbic forebrain system is further under-
lined by the mentioned difficulty in distinguishing neurochemically and neurophar-
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macologically between the functional roles played by the dopaminergic systems
innervating these two structures. A good example in point is afforded by the limbic
area of the nucleus accumbens whose morphology as well as neurochemistry makes
it in many respects nearly indistinguishable from the striatal nuclei (cf 36).

BRAIN DOPAMINE AND SCHIZOPHRENIA

The hypotheses relating the striatum and/or limbic forebrain structures with the
pathophysiology of the schizophrenic disorder have provided for an obvious link
between this psychotic condition and brain DA which, as discussed above, plays an
important role in the functioning of these two brain regions. However, judged
merely on the basis of the anatomical-functional evidence, the relation between
schizophrenia and brain DA is by no means compelling. Both the striatum and the
limbic structures are rich in several other important neurohumoral factors such as
acetylcholine, serotonin, norepinephrine, y-aminobutyric acid, and substance P;
each of these could play an important role in normal and disturbed functioning of
these brain regions. That the DA hypothesis has attracted special attention is due
mainly to a number of significant pharmacological as well as pharmacological-
clinical observations that favor this particular thesis. In this respect, two observa-
tions are of special importance: (@) amphetamine’s action on brain DA in relation
to the drug’s ability to induce a psychotic state in man; and (&) the psychothera-
peutic (antischizophrenic) activity of neuroleptics that have been found to possess
strong DA antagonist properties.

Amphetamine Psychosis

A psychotic state,the so-called amphetamine psychosis (37), frequently develops in
subjects taking amphetamine chronically. Occasionally the amphetamine psychosis
may also be precipitated with a large single dose of the drug. This toxic state presents
features quite similar to (“indistinguishable” from) those seen especially in paranoid
schizophrenia (37-39). Amphetamine is know to release DA from its storage sites
in the nerve terminals as well as to prevent its inactivation by synaptic re-uptake
[for reviews, see (40)]. Thus, the idea appears attractive (41, 42) that the psychotic
state produced by amphetamine abuse may be related to a dopaminergic overstimu-
lation taking place in the DA-rich brain regions, especially the striatum and/or the
limbic system regions. This possibility seems supported by clinical experience show-
ing that both amphetamine as well as other drugs known to act on brain DA, such
as L-DOPA, and several amphetamine-like compounds (e.g. methylphenidate), will
produce an exacerbation of the schizophrenic symptomatology in diseased patients
(43-45).

Besides its effect on brain DA, amphetamine is known to act in an  analogous
manner on brain norepinephrine (i.e. increased release, inhibition of re-uptake) [for
reviews and references, see (40)]. Thus, the alternate possibility has to be considered
that the psychotic state produced by amphetamine in man may be due to the drug’s
effect on brain NA mechanisms rather than brain DA or that both DA and NA are
important in this respect. To resolve this dilemma, the D- and L-isomers of ampheta-
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mine have been utilized. However, the results of the corresponding studies produced
confusion rather than clarification of this issue (cf 45). There seems to exist agree-
ment regarding the observations that in inducing the psychotic state in healthy
volunteers as well as exacerbating the schizophrenic symptomatology in diseased
patients D- and L-amphetamine are nearly equipotent; also, both isomers seem to
be nearly equipotent in inducing stereotyped behavior in laboratory animals. [This
has led to the concept that the animal model of amphetamine-induced stereotypy
is analogous to the amphetamine psychosis in man, representing, by inference, a
model of the behavioral disturbance in schizophrenia (cf 42)].

When the amphetamine isomers were compared as to their relative potency in
inhibiting the synaptosomal uptake of DA (in striatal homogenates) and NA (in
homogenates of the cortex), Coyle & Snyder (46) found that both isomers were
about equipotent on DA uptake; on the NA uptake p-amphetamine was ten times
more potent than the L-isomer. From this the authors concluded that the psychoto-
genic activity of amphetamine (as well as its ability to induce stereotypies in animals)
was due to an action on brain DA. In contrast to Coyle & Snyder, however, three
other research groups (47—49) found that p-amphetamine was about equipotent
with the L-isomer in inhibiting NA uptake (cortex) and four to five times more
potent than the latter in inhibiting the striatal DA uptake. Thus, in contradistinction
to Snyder’s data, these data would seem to favor the opposite view, namely that
rather than DA, brain NA may be involved in the amphetamine-induced psychotic
disturbance. It is not even certain whether doses of amphetamine that produce all
the typical behavioral effects in laboratory animals are high enough to inhibit DA
or NA uptake in vivo; rather, in these (low) doses amphetamine probably has
predominantly a releasing effect on the synaptically stored amines (cf 50). Likewise,
it has been argued (51) that the observation that physostigmine attenuates the
methylphenidate-induced psychosis but not the schizophrenic condition (52) may
indicate that these two conditions are qualitatively different as to their neurochemi-
cal basis.

Although there is reason to assume that the amphetamine-induced stereotypy in
laboratory animals—the animal model of amphetamine psychosis and, by inference,
schizophrenia—is due to the drug’s action on brain DA, it is difficult at present to
decide on the precise anatomical substrate of this effect. Based on experiments with
apomorphine it was suggested (53) that the DA in the limbic forebrain regions was
closely related to stereotyped behavior. This was in agreement with the suggestion
that several important features of amphetamine psychosis were limbic in origin (54).
In contrast, recent evidence suggests that the striatal DA may be the substrate of
the amphetamine stereotypy, with the limbic DA being primarily responsible in the
amphetamine-induced locomotor activation (55). However, it has also been claimed
that an intact striatum is not required for amphetamine to produce the typical
stereotypies (56). Thus, even if the biochemical basis for the amphetamine-induced
stereotyped behavior were assumed to reflect the biochemical disturbance in schizo-
phrenia (an assumption that cannot be accepted at present without strong reserva-
tions), available experimental data would not allow a precise anatomical localization
of such a hypothetical neurochemical disturbance.
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In conclusion, although the animal model of amphetamine-induced stereotypy
may represent a valid model of the amphetamine-induced psychosis in man, whether
the latter represents a model of the schizophrenic dysfunction remains quite doubt-
ful (57). Thus, conclusions drawn from the animal model cannot, at present, be
applied directly to the problem of schizophrenia. This applies both to the biochemi-
cal as well as to the anatomical-localizational aspects of this psychotic disturbance.

Neuroleptic Drugs (DA Antagonists)

At present, the DA antagonist properties of antipsychotic drugs (i.e. the neurolep-
tics) probably represent the strongest argument in favor of an involvement of brain
DA in schizophrenia.

With only a few exceptions, i.e. compounds with significant affinity for muscarinic
receptors in the brain, such as thioridazine, clozapine, pimozide (58-60), neurolep-
tics of the phenothiazine and buytrophenone series in antipsychotic doses induce a
parkinsonism-like syndrome in a large number of cases (cf 61). Since Parkinson’s
disease has been shown to be accompanied by a deficiency of DA in the nigro-striato-
pallidal system (and nucleus accumbens) (3, 7, 8, 36), a relation between the parkin-
sonism-inducing activity of neuroleptics and a possible interference with brain DA
systems suggested itself. In additon, since the relative potency of neuroleptics (with
the exception of thioridazine, clozapine, pimozide; see above) for the induction of
Parkinsonism correlates well with their antipsychotic activity (cf 61), involvement
of brain DA in the antipsychotic effect of these drugs seemed possible.

The interference by neuroleptic drugs with brain DA mechanisms has been well
established experimentally. The available evidence suggests at least three major
possibilities: (a) blockade of the DA-sensitive adenylate cyclase, (&) blockade of the
synaptic release of DA, and (c) blockade of DA receptors.

BLOCKADE OF THE DA-SENSITIVE ADENYLATE CYCLASE The striatum as
well as the dopaminergically innervated limbic forebrain structures (nucleus ac-
cumbens, olfrctory tubercle) contain an adenylate cyclase that is specifically ac-
tivated by DA (62,63). This DA-sensitive adenylate cyclase has been postulated to
represent the immediate receptor molecule involved in the chain of events triggered
by DA at the postsynaptic membrane, eventually resulting in a physiologic effect
(62). Neuroleptics are, on the whole, strong inhibitors of the DA stimulation of the
striatal and limbic adenylate cyclase. However, there seems to be a lack of a com-
plete correlation between the inhibitory potency of the neuroleptics on the DA
stimulation of this enzyme and their clinical potency in producing extrapyramidal
effects (catalepsy in experimental animals, parkinsonism in man) as well as their
antipsychotic activity (64). Specifically, the neuroleptically potent group of
butyrophenones (e.g. haloperidol, pimozide) has proved conspicuously weak in
blocking the DA effect on the enzyme (62, 62). Thus, at present, it is difficult to
relate the antipsychotic activity of neuroleptics as a group with their ability to block
the DA-sensitive adenylate cyclase in the DA-rich areas (striatum and/or limbic
brain areas). Since neuroleptics inhibit both the striatal and limbic adenylate cyclase
equally well, no conclusion can be reached as to the possible site of the drugs’
antipsychotic activity.
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BLOCKADE OF SYNAPTIC RELEASE OF DA Recently, Seeman & Lee (65) pro-
vided evidence showing a striking correlation between the clinical potency of the
neuroleptics (including the butyrophenones) and their ability to inhibit the stimulus-
induced DA release in rat striatal slices. This action of neuroleptic compounds may
be related to their well-known high efficacy in stabilizing cell membranes in general,
with the brain DA neurons displaying a selective sensitivity in this respect. Thus
the possibility exists that the blockade of the presynaptic coupling between nerve
impulse and DA release may account for both the extrapyramidal and antipsychotic
effects of all neuroleptic drugs presently available. It appears difficult, however, to
reconcile this possibility with the finding obtained in vivo using the push-pull
cannula technique showing that administration of neuroleptics produced an increase
rather than decrease of DA release within striatal and limbic structures (66).

BLOCKADE OF DA RECEPTORS It is reasonable to assume that in order to exert
their specific (i.e. antipsychotic) actions, neuroleptics (like other drugs) have to bind
in the brain to a specific site at which to exert the specific effect; this site can be called
conveniently the receptor site. This logical proposition has prompted studies that
have resulted in the demonstration that membrane fractions of brain homogenates
possess “‘receptor binding” properties when labeled with (*H)haloperidol (67, 68).
Most significantly the order of affinity of a large series of neuroleptics for the
(®*H)haloperidol binding sites (tested in preparations of calf striatal membranes)
showed a highly significant correlation with the clinical (antipsychotic) potency of
these drugs (69, 70). This strongly suggests that the sites in cell membranes that bind
(*H)haloperidol may indeed be the sites of the antipsychotic activity of the neurolep-
tic drugs. It is, however, important to note that the (*H)haloperidol binding (as
expressed in fmol/mg protein) was highest in the caudate nucleus, with the putamen
and nucleus accumbens showing much lower levels; in fact, the latter two regions
had values no higher than the globus pallidus (64). Thus, there seems to be little
correspondence between the number of the (*H)haloperidol binding sites and the
density of DA terminals, the latter being (as judged from the DA levels) much
higher in the putamen and nucleus accumbens (where the DA concentration is
comparable to that in the caudate nucleus) than in the globus pallidus (cf 8). This
poor correlation is further borne out by the observation that the order of affinity of
neuroleptic drugs for 3H)dopamine binding sites [tested under conditions analogous
to those for (*H)haloperidol binding] did not show any statistically significant
correlation with the drugs® antipsychotic activity (69, 70).

The above observations would then suggest that although the clinical effect of
neuroleptic drugs is produced, as would be expected, through an action on (proba-
bly) specific receptors in the brain, and these receptors may be identical with the
haloperidol binding sites, the available evidence does not favor the hypothesis that
the drugs’ antipsychotic activity is due to brain DA receptor blockade.

ALTERNATE POSSIBILITY FOR THE MODE OF ACTION OF ANTIPSYCHOTIC
DRUGS Kornetsky (cf 57, 71, 72) has presented evidence showing that the core
deficit in (at least some) schizophrenic patients involves an impairment in attention.
This attentional deficit has been postulated to result from a dysfunction in those
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brain regions concerned with-maintainence of arousal and attention, that is the brain
stem reticular activating system. Thus, Kornetsky & Eliasson {72) have formulated
the hypothesis that the schizophrenic patient is in a continuous State of central
excitation or hyperarousal. Further, the authors proposed that the beneficial effect
of neuroleptic drugs in schizophrenic patients is brought about by a suppression of
the state of hyperarousal to levels consistent with optimum performance of the
subject (57, 72). In this respect, the level of arousal may be related to the efficiency
of performance (in experimental situations); maximum performance of which a
subject is capable is usually attained with medium levels of arousal, with both under-
or over-arousal eliciting poorer performance (cf “inverted U model™) (73, 74).
Neuroleptic drugs have been known for a long time to inhibit effectively the
behavioral as well as EEG arousal reaction produced by sensory stimulation in
laboratory animals {for references see (75)]. A large body of electrophysiological
evidence points to the reticular activating system of the brain stem as the site of
action of this anti-arousal effect of the¢ neuroleptic drugs. As to the mechanism(s)
of the arousal-inhibiting effect of neuroleptics, the following possibilities have been
considered in the literature (cf 75): (@) direct blocking effect on those mechanisms
of the reticular formation that are responsible for the arousal reaction, {4} blockade
of afferent impulses in the sensory collateral fibers to the brain stem reticular
formation, and (c) facilitation of inhibitory ““filtering” mechanisms of the reticular
formation, resulting in a reduction of the sensory load reaching the cortex.
Irrespective of which of the above possibilities is given preference, the experimen-
tal neurophysiological results are consistent with Kornetsky’s hypothesis that the
therapeutic efficacy of neuroleptics may be due to their suppressing action on the
reticular activating mechanisms. From a neurochemical point of view, it is interest-
ing to note that the monoamine most frequently implicated as an important
neurohumoral factor in the functioning of the reticular mechanisms is norepineph-
rine (cf 76, 77). Thus, it may be significant that, in addition to amphetamine and
L-DOPA (that is, drugs that increase both dopaminergic and noradrenergic activity
in the brain) tricyclic antidepressants have been observed to both activate anergic
patients and exacerbate the schizophrenic symptomatology (78, 79); the latter drugs
prevent the inactivation of norepinephrine (but not DA) by inhibiting its synaptic
re-uptake, thereby potentiating noradrenergic effects [for reviews and references, see
(40)]. Furthermore, neuroleptics, especially those of the phenothiazine series, have
been known to exert antiadrenergic effects in the periphery (cf 75), and several of
them have been shown to affect brain norepinephrine metabolism in a way analo-
gous to that of brain DA (cf 80), thus suggesting a possible blockade of central
norepinephrine receptors. However, the effectiveness of neuroleptics on brain
norepinephrine metabolism (increase in synthesis rate) does not parallel their clini-
cal antipsychotic potency nor do the a-adrenergic blockers (such as phenoxybenza-
mine or phentolamine) exert any known antischizophrenic activity. On the other
hand, it is interesting to note that recently antischizophrenic activity has been
claimed for propranolol (81; see also 82), a potent S-adrenergic receptor blocker.
Also, the experimental data concerning the effect of neuroleptics on brain norepi-
nephrine refer mostly to acute effects produced by single-dose administration
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whereas the antipsychotic effect in the schizophrenic patient typically is a function
of an “‘irreducible minimum” of treatment time; that is to say, it is essentially
chronic in nature. In this context it seems appropriate to mention the clinical
observation (83) that the antipsychotic potency of neuroleptics can be increased by
simultaneous administration of a-methyltyrosine, a drug known to inhibit synthesis
of the catecholamines. This observation has often been quoted as supporting the DA
hypothesis of antipsychotic effect of neuroleptic drugs. However, this argument rests
on the assumption of a satisfactory correlation between the antipsychotic activity
and the DA blocking activity of these drugs. Failing this, the above clinical observa-
tion may equally well be quoted in support of an involvement of norepinephrine;
being an inhibitor of the tyrosine hydroxylase, a-methyltyrosine inhibits not only
the formation of DA but also that of norepinephrine (84).

CONCLUSION

By evaluating the presently available information in a synthetic manner, the follow-
ing concept seems to emerge: Accepting the premise that the schizophrenic disorder
has an anatomical substrate in the brain, the corresponding neuropharmacological
and behavioral studies seem to implicate three major brain systems as the most likely
sites of this dysfunction: the reticular formation of the fore- and midbrain, the limbic
forebrain system, and the corpus striatum. In this respect it appears significant that
there exists a phylogenetically old anatomical-functional interrelationship between
these three major subcortical systems (including their more recent thalamoneocorti-
cal connections); this fact underlines the crucial role of these subcortical mecha-
nisms as important ‘“analyzer-integrator” systems of the brain. This close
anatomical-functional interrelation also makes it likely that a dysfunction of any one
of these subcortical systems will find its corresponding expression in altered func-
tioning of the other systems as well as the related thalamoneocortical mechanisms.
Thus, assuming that one of these three systems may in fact be the primary “focus”
of the schizophrenic disturbance, it would not be surprising to find that in the fully
developed syndrome all three systems are involved. This complex relationship may
explain the difficulty we face when trying to understand the pathophysiology of the
schizophrenic disturbance; similarly, it makes the existence, in the fully developed
syndrome, of a malfunction of a single neurohumoral factor unlikely, suggesting the
possibility of a multineurohumoral disturbance as the overall biochemical feature
of this disease. Specifically, the neurochemical correlate of such an anatomically
extensive malfunction could be a combination of changes in the noradrenergic
mechanisms in the reticular formation and dopaminergic forebrain mechanisms,
especially those in the limbic-striatal systems. Moreover, disturbed functioning of
the brain stem reticular formation may involve such important neurohumours as
serotonin (especially in the mesencephalic-limbic subdivision) and possibly (sec-
ondarily) neuronal systems utilizing acetylcholine or 7y-aminobutyric acid as their
neurohumoral agents.

However, the likelihood of a multineurohumoral disturbance in schizophrenia
should not be taken as a reason for evading the all-decisive question as to the
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primary lesion which, by definition, has to be at the root of all other biochemical
alterations. Therefore, the crucial question still remains: Which of the above possi-
bilities represents the primary anatomical and neurochemical lesion in schizophre-
nia? At present we do not have an answer to this question.

Although the possible existence of a multineurohumoral disturbance does not
help to answer the more decisive question as to the primary neurochemical lesion,
it has an important bearing on the evaluation of the current neurochemical hypothe-
ses of mental illness in general, and schizophrenia in particular. As discussed in the
preceding pages, these hypotheses are based mainly on pharmacological evidence.
However, since from the pharmacological point of view beneficial or aggravating
effects could be actually expected in the instance of any given drug acting on one or
more of the possibly deranged neurohumoral systems, no valid hypothesis as to the
underlying primary biochemical disturbance can be deduced from such clinical
effects. At present, no specific drug—which would exert its antipsychotic effect by
acting solely on a single specific neurochemical factor or anatomical site in the brain
—seems to be available. This clearly indicates that rather than being at the endpoint
of its development, the present state of the chemotherapy of psychoses is actually
only in its very beginnings, thus holding some promise for further fruitful develop-
ments in this area.

Returning, at the end of this essay, to the quotation placed at the beginning, it
becomes obvious that if we were to adopt, as we probably should, Eugen Bleuler’s
uncompromising view as to the scientific value of the current hypotheses of schizo-
phrenia (1), the present essay would have to be replaced by nearly complete silence.
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