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Summary

Thomas Kuhn's model of the structure of scientific procedure is outlined and applied to

salient aspects of recent psychopharmacological research into the bioneural substrates of the

affective disorders. It is argued that the amine hypotheses of these disorders are irrefutable in

practice although not in principle and that their survival despite a lack of convincing

supporting evidence and disproof of their initial premises suggests that they seNe a

paradigmatic function and that the core ofthis paradigm is psychological in nature rather than

neurobiological. An attempt is made to show how an awareness of such functions may help

explain otherwise puzzling features of the literature on the psychopharmacology of the

affective disorders. Such an awareness may also help to indicate the steps necessary to replace

the amine h)?otheses or the likely future prospects for these hypotheses.

Introduction

In 1962 Thomas Kuhnr in an influential book entitled 'The Structure of Scientific
Revolutions' argued that normally science does not proceed by a uniform process of
conjecture and refutation on the part of all scientists, but involves visions and
re-visions with often lengthy less dramatic periods in between. The initial vision
establishes a paradigm for a particular field, which accounts for a considerable range
of the data in that field and provides a heuristic framework which will lead to future
discoveries. While a paradigmatic view holds sway most researchers in a field will
assume that certain key questions have been answered and will concentrate on
normal science. Normal science involves the application of ingenuity to the puzzle of
matching the paradigmatic view to the hard details of reality rather than just

accepting a fit in broad outline. In times of crisis, when the foundational view is
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threatened, such ingenuity may seem increasingly forced or implausible. Neverthe-
less researchers will ignore a large amount of inconvenient data on the assumption
that with time it will become consistent or negatively because rejection of a
paradigmatic view without a replacement involves retreat frorn a comprehensive
viewpoint to one less comprehensive. In other words, supporters of paradigmatic
conjectures suppo them rather than attempt to refute them. Following the invasion
of new territory, the normal task of supporters of the new regime is one of mopping
up old resistances, mapping out the new territory and strengthening its defences
rather than plotting its subversion, in turn.

If anomalies do not commonly lead to refutation, how then are paradigmatic views
replaced? Usually not by critical experiment, Kuhn argues, but by desertion of their
adherents to new faiths. Indeed critical experiments are discouraged as by definition
areas not of interest to the paradigmatic view are ignored and their relevance may
only become apparent during periods of crisis. The old view then is not refuted so
much as perceived, particularly by those engaged in the research enterprise, as
offering fewer opportunities. The new view initially may explain no more than the
old and indeed some of the old guard may never see the need for change. In turn the
revolutionaries become the new orthodoxy and their view is transmitted with the
weight of authority. Commonly textbooks, reviews and the introductions to articles
do not transmit a balanced view of the problems in a field but rather the stable
outcome of past revolutions which yields a structure of science that requires a large
measure of belief and argument from authority. However, in times of crisis no
amount of authoritative reviews will settle crises. Change is likely to come from
those new to a field, who by virtue of youth, or transfer from another discipline or by
some other method have escaped the usual moulding pressure and who are more
struck by what is not explained by the dominant view than by its improvements on
previous views. 'To study the fate of amphetamine it was necessary for me to become
a n e n z y m o l o g i s t . B e c a u s e o f m y n a i v e t e a s a n e n z y m o l o g i s t . . . I s u c c e e d e d . . . i f l
had known more I wouldn't have done the right experiments'2.

In contrast to Kuhn, Sir Karl Popper has conceived of the advance of science as
being a process of conjecture and refutation3. He has been concerned with the logic
of scientific discovery and has stressed that above all science is a rational process,
that develops by adhering to testable hypotheses, which are (or ought to be)
subjected to regular and rigorous critical scrutiny. His interest has been in the
rational grounds for preferring general relativity to Newton's laws of motion and the
process that ensures that scientific formulations are modified progressively rather
than with the social formation of or psychology of insights that results from apples
falling on heads.

Both Popper & Kuhn have questioned the scientific status of psychoanalysis in
psychiatrya. Arguably, in the case of psychoanalysis, the scientific process as
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advocated by Kuhn has happened particularly clearly in American psychiatry both in
the rise and in the fall of psychoanalytic influence. However, as there are doubts
about the scientific status of psychoanalysis, Kuhn's model as applied to this case
may not prove its general applicability, indeed may argue against its validity. With
this in mind the current article attempts to apply Kuhn's model to the modern history
of psychopharmacology of the affective disorders and to contrast it with Popperian
views.

The Amine Paradigm

In 1957 R. Kuhn5 first reported on the antidepressant properties of the tricyclic
iminodibenzyl, imipramine, to an audience of 12 at the 2nd World Congress of
Psychiatry in Zurich. In the same year, iproniazid, a monoamine oxidase inhibitor,
used as an antitubercular agent, was found to have antidepressant properties6.
Subsequent basic research suggested that the MAO inhibitors increased synaptic
noradrenaline concentrationsT and brain catecholamine levels8. The tricyclics were
found to inhibit amine reuptakee' 10, to potentiate the effect of amines post
synapticallyll and to protect against the depleting effects of reserpinel2, 13. These
findings were complemented by reports that reserpine, a Rauwolfia alkaloid used as
a major tranquillizer in India and as an antihypertensive in the West, could
precipitate depression in up to 15 per cent of those taking itl4' 1s. The demonstration
by Carlsson and coworkers that reserpine depleted catecholamines from brain16 and
indoleamines from plateletslT set the scene for the monoamine hypotheses of
affective disorders.

These and other findings led to the claim that'a fairly consistent relationship
between drug effects on catecholamines, especially noradrenaline, and affective and
behavioural states' had been shown, 'those which cause depletion and inactivation of
noradrenaline centrally produced sedation and depression while drugs which
increase or potentiate brain noradrenaline are associated with behavioural stimu-
lation or excitement and generally exert an antidepressant effect in man'18. A similar
claim was put forward by Bunney and Davisle. With this'at best a reductionist
oversimplification'r8, the monoamine hypotheses (of which the catecholamine
hypothesis was the first) were set on their singular way. It was hoped that the
hypothesis would be of 'considerable heuristic value'I8. The hypotheses remain
entrenched despite voluminous evidence that antidepressants have no single action
on biogenic amines20-23. The original authors (and possibly the majority of the
psychopharmacological community) retain a belief that there is some involvernent o{
monoamines in the affective disordersza,25 despite initial protestations that the
proposed mechanisms of action 'may soon require revision due to rapid progress in
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the basic sciences'le. This suggests that the hypotheses have been more than
heudstic and deserve the label paradigmatic.

The monoamine hypotheses therefore were based on the following pieces of
evidence; firstly that reserpine caused depression, secondly that reserpine depletes
catecholamines (and indoleamines), thirdly that reserpine induces a behavioural
syndrome in animals characterized by sedation which is reversed by antidepressants,
and fourthly that antidepressants increase amine levels by blocking uptake or
preventing deamination. Retrospectively one can argue that each of the steps in the
argument in favour of the hypothesis was flawed.

Firstly, a more careful review of the literature on depression following reserpine
and analysis of the only prospective trial done on this issue led Mendels and Fraser26
to conclude that one could not say with confidence that reserpine causes depression.
Even if it does, one can question whether it does so by virtue of its sympatholytic
effects as Paykel et a1.21 in a particularly comprehensive review of the psychiatric
sequelae of antihypertensive agents found no correlation suggestive of an effect of
sympatholysis in the precipitation of depression. Secondly, while reserpine does
indeed deplete amines, these amines are largely vesicular amines and probably not
required for immediate functional use. This can be inferred from experiments with
amphetamine which releases cytoplasmic amines, and can elicit effects consistent
with catecholaminergic stimulation despite reserpine preadministration28 and simi-
larly para-chloro-amphetamine, a 5HT releaser will still elicit the 5HT behavioural
syndrome despite reserpine preadministration2e. Given that it is still not certain
whether vesicular or cytoplasmic amines are primarily responsible for neuro-
transmission3G33, one realizes that Schildkraut's claim involved a bold strike into
uncharted territory rather than a careful balance of what was reliably known.
Thirdly, while reserpine causes a behavioural syndrome involving sedation in mice
and this can be reversed by antidepressants, it can also be reversed by agents not
effective in hurnan affective disorders2l. Furthermore, its reversal by antidepressants
is of acute onset whereas the effects of antidepressants on depression in humans have
a long clinical latency. In addition, closer inspection of the action of antidepressants
to antagonize the behavioural syndrome induced by reserpine leads to the conclusion
that they do not do so by increasing amine levels3a.

There is in addition good evidence that antidepressants far from increasing brain
amines may do nothing to overall amine levels or may indeed decrease them2o' 3s, 36.

Furthermore, logical consequences of the amine hypothesis were that amine
precursors would be effective in the treatment of depression and amine depleting
agents or synthesis inhibitors would be of use in the treatment of manial8'26. These
requirements have not been rnet26' 37. 38. Despite sales of L-tryptophan as an
antidepressant, convincing evidence as to its efficacy is lacking and arguably the
monoamine hypotheses of depression have done more to support its sales than its
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sales do to support the amine hypotheses22' 3e. Similarly use of l-dopa indicates that
it may reverse a motor retardation but that it does not appear to have true
antidepressant effects3T' {.

As reserpine has pronounced effects on both catecholamine and indoleamine
systems, the development and investigation in man of drugs able to specifically
interrupt noradrenergic neurotransmission 'made it of considerable interest to the
catecholamine hypothesis to observe whether these patients also become de-
pressed'r8 or indeed whether such agents are effective in mania4. The earliest
synthesis inhibitor to be tested clinically was alpha-methyl-para-tyrosine (AMPT)
which inhibits tyrosine hydroxylase and thereby the synthesis of noradrenaline and
dopamine. This was followed by a number of dopamine-beta-hydroxylase (DBH)
inhibitors such as fusaric acid and disulfiram, which leave dopamine synthesis
unchanged but prevent the accumulation of noradrenaline. Available clinical data on
AMPT do not suggest that it causes depression or that it worsens depression but do
indicate a certain usefulness in maniaao. There are problems with interpreting the
latter findings in that AMPT is sedative26 and it effectively blocks dopaminergic
neurotransmission as well as noradrenergic transmission. DBH inhibitors have not
been used widely in man. Early trials found that fusaric acid appears to aggravate
rather than alleviate maniao. Studies in animals, however, do suggest that it blocks
intracranial self-stimulation. This has been interpreted as indicating an interruption
of 'reward' pathways and offered as evidence in favour of the catecholamine
hypotheses. However, subsequent studies of this effect of DBH inhibitors indicate
that they produce their effects by virtue of the sedation they cause and not because
they demotivate or depress experimental animalsal. Such findings make it likely that
any clinical effectiveness synthesis inhibitors have is by virtue of the sedation they
cause rather than by any specific antimanic effect37 38. Their effects bear similarities
neurochemically and behaviourally to the sympatholysis following clonidine admin-
istration. An antimanic action has been claimed for clonidine but so also has an
antidepressant effecto.ln addition, while lithium also acutely attenuates central
catecholaminergic neurotransmissionao it is effective in the treatment of both mania
and depression.

The significance of this failure of agents more specific to the noradrenergic system
to have comparably more specific effects in the precipitation or treatment of the
affective disorders lies in the effects such findings have had on the catecholamine
hypothesis. Where one might have expected the faithful to dwindle in number, there
has instead been increasing reference to the monoamine hypotheses of depression
rather than the catecholamine hypotheses. The term monoamine when put to this
use appears to imply some functional balance between catecholamine and
indoleamine systems. The evidence from a study of actions of antidepressants and
reserpine implicates both these amines but it has not been possible to build a
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convincing case in favour of either. However, the supposed balance between these 2
amines is never operationally defined. This yields therefore an effectively irrefutable
yin-yang hypothesis.

Normal Science I

Despite early inconvenient observations such as those outlined above, the amine
hypotheses survived just as the psychoanalytic paradigm survived the doubts about
actual sexual trauma in the origin of the neuroses. One of the basic strategies
pursued to further investigate the mechanism of action of antidepressants has been
to administer these drugs to animals and determine what changes in their neuro-
biology, if any, are brought about. The results found have not been consistent with
amine hypotheses2o-23. The lack of agreement between animal researchers on
specific detail is comprehensive and rather than leading researchers to standardize
methods seems rather to serve as a repository of information from which to draw
convenient supporting evidence for disparate claims. Biological psychiatrists are
likely to be impressed by claims stemming from animal pharmacology studies
without realizing that frequently basic researchers in the field regard all neurones
carrying specific neurotransmitters as homogenous despite evidence that they are
not43, that standard schedules of drug administrations are not commonly adhered to
and this may be important as pharmacokinetic factors may significantly influence the
final measurementsq, that commonly the results obtained cannot be demonstrated
to be more than species specificas, indeed frequently no more than strain specific6
and that biochemical and electrophysiological data from one species are often
inconsistent2r.

One of the most readily apparent ambiguities in the original hypotheses was the
contrast between the delay in the onset of therapeutic action compared with the
rapid reversal of the reserpine syndrome or the immediate onset of the phar-
macological effects invoked in support of the original hypotheses. This anomaly,
along with the lack of a standard profile of presynaptic actions led Ashcroft et a/. in
197241 to suggest that the pathology of depression might lie post synaptically in
aminergic receptors rather than simply in amine levels. With the advent of ligand
binding techniques this proposal has been eagerly taken up. Indeed so eagerly and so
voluminous is the current literature that it is not proposed to review it in detail and
the reader is referred to the following20-23' 'ts, +r.

This alternative emphasis has led to a beta adrenoceptor down regulation
proposalsO and an alpha2 autoreceptor desensitization hypothesissl. These
hypotheses have been put forward supported by claims that antidepressants pro-
duced the requisite receptor adaptations following chronic but not acute exposure.
They are logically consistent with the earlier hypotheses in that hypersensitive alpha2
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receptors might bdng about a functional depletion of noradrenaline and beta
adrenoceptors are its post synaptic target. To date neither of these proposals is
convincingly supported by animal or human evidence22' 23. Indeed, antidepressant
potency seems inversely correlated with intrinsic activity on beta adrenoceptorss2
and alpha2 receptors may not even be autoreceptorss3. However, even were they
supported, a question would remain that was conveniently ignored when the revised
hypotheses were first proposed. It is not immediately apparent why anyone should
have thought that receptors would adapt slowly (except by virtue of their mysteri-
ousness, that convenient property which by the 1970s, amines themselves had lost).
There is no pharmacological basis for such delayed receptor adaptations; the usual
process of receptor desensitization takes 12 to 24 hours and certainly should be well
completed by 48 hour5as' sa'55. Furthermore, it is not clear how such changes might
come about as antidepressants do not have common agonist properties49, s6. One
possibility not commonly adverted to is that such effects demonstrated following
prolonged administration of these drugs may be no rnore than withdrawal
phenomenasT. Another is that changes of delayed onset are secondary to a change in
circadian rhythm dynamicss8, as antidepressants do have intrinsic activity on
rhythmicity; this would yield delayed receptor changes, although whether these
relate to therapeutic activity or are merely side effects is uncertainae.

Normal Science l l

Despite the inability to account for antidepressant actions satisfactorily in terms of
an action on amine systems and despite the obvious fact that any drug effects may
compensate for rather than reverse a primary defect, researchers have not been
deterred from pursuing evidence of pathological deficiencies of monoamines in
depression. It is proposed that a review of 2 aspects of such research on amines will
strongly indicate paradigmatic influences.

Urinary MHPG

As it has not been possible to get direct evidence of cerebral monoamine concen-
trations in living subjects an alternative approach has been to look at the metabolites
of catecholamines such as urinary MHPG. The first significant result of such studies
came in 1972, when Maas et alse repofied that urinary MHpG was reduced in
persons who were depressed. This group claimed the following year that urinary
MHPG was unaffected by exercisefl and that low levels were associated with a
predisposition to euphoriant responses to amphetamine6l and a good response to
imipramine but not amitriptyline62. Two other studies have claimed a link between
urinary MHPG and tricyclic response specificitt'3, a but both of these studies have
had poor designs with a lack of crossover controls.
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At the same time, and throughout the 1970s, Schildkraut and coworkers reported
similar reductions in urinary MHPG, culminating in a cornplex paper in 197824.
However, there are difficulties in interpreting their findings. Arguably the only clear
finding is that for their endogenously depressed group whom they report as having
normal urinary MHPG levels. Despite the fact that this is characteristically the group

that most convincingly responds to antidepressant medication, they were not led to
question the validity of the amine hypotheses as one might expect a Popperian

scientist to do. Values were also reported for unclassifiable depressions, unipolar
non-endogenous depressions, schizophrenia-related depressions and schizo-affective
depressions. One might question exactly what the consequences for the amine
hypotheses would be of a lowering of amine metabolites discovered in any of these
groups as, compared to endogenous depressives, fewer are likely to respond to
antidepressants. One might wonder at the validity of including unclassifiable
depressions or schizophrenia-related depressions 'characterised by chronic asocial
behaviour with bizarre and eccentric behaviour of several years duration'. It should
be noted that the latter 4 groups account for 55 per cent of the total sample and thus
their precise constitution is a matter of some concern. Particularly as the escape
clause for the amine hypothesis comes later in the paper with the claim that 'the

clinical and biochemical heterogeneity of the depressive disorders has been widely
recognised for years'. This is a common statement made in research papers in this
area confronted with inconvenient data, whereby variability in the data is trans-
formed from indicators of assay unreliability or contamination of the subject pool to
evidence for'biochemical heterogeneity'.

At the same time, as these studies were proceeding more basic studies not bound
by the amine paradigm have shown a wide range of normal values for urinary
MHPG65, an effect of diet on this metabolite66 and an effect of physical activity on
this parameter6T. In all there are now reports that urinary MHPG may be affected by
motor activity, diet, diurnal variation, weight, age, sex, the pH of the urine or the
consumption of alcohol or nicotine38. There is evidence to suggest that no more than
20 per cent of urinary MHPG is derived from central sources68. All these factors led
Ridges in 19806e to conclude that urinary MHPG was too influenced by external
facton to reliably indicate central noradrenergic function.

Nevertheless, at the start of one of the most comprehensive psycho-biological
research programmes ever conducted, the investigators of the NIMH collaborative
study hypothesized in 1980 that urinary MHPG would be lower in bipolar de-
pression, lower in depression than controls, that baseline MHPG would be the only
noradrenergic metabolite to correlate with treatment response and that it would be
associated with differing responses to imipramine and amitriptylineT0. Therefore, it
is of interest to note the reports now emerging from this study71. While making clear
that urinary MHPG levels did not predict drug responders, the authors of the report
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argument is the need to specify which clinical features antidepressants work on.
Particularly as the same authors appear when convenient to both assume that diverse
clinical syndromes might have common neurochemical substrates and argue that
'depressive syndromes similar in psychopathological symptoms may nevertheless be
based on disparate metabolic substrates'7s. Claims have also been made that persons
with lowered 5HIAA respond preferentially to clomipramine83, an antidepressant
claimed to act primarily on the serotonergic system, despite a lack of clinical features
in those with lowered 5HIAA or in those unresponsive to clomipramine that would
differentiate them from other depressives. Furthermore, as with urinary MHPG,
large variations in 5HIAA results are not interpreted as damaging to the cause but
rather as evidence of 'bimodality'74.

Annitto and Shopsin3s in a review of CSF 5HIAA studies note that by 1979, there
had been 14 studies of this variable, the majority of which had not found it lowered
in depression. Nevertheless the NIMH study hypothesized in 1980 that CSF 5HIAA
would be lower in depressives than in controls, would be reciprocally related to
urinary MHPG and that low values would be associated with response to ami-
tdptyline rather than to imipramineTo. As they present their data it is not possible to
determine how the hypotheses fared apart from the concession that specific drug
responses were not found7l. Indeed it is more likely from the figures offered that
CSF 5HIAA is raised in depression compared to controls, especially for female
depressives which has been reported also by Gerner et a/.84. Nevertheless they go on
to hypothesize that unipolar patients with low values have a serotonergic defect,
although these values do not fall outside the control range and despite similar values
for bipolar patients. It is not clear why the bipolar values are ignored except perhaps
because they have already been categorized on the basis of their urinary MHPG
values into hyper- and hyponoradrenergic and presumably as a consequence their
serotonergic systems do not count.

The Ingenuity of  Normal Science

This review of the above issues in animal pharmacology and human studies in
depression is not intended to be either a comprehensive review or even a critique of
the amine hypothesis as if Kuhn is right reviews do not tackle the real problems in
the field and critiques are ignored, until the time is right. Rather this is an
examination of attempts to validate or refute a hypothesis and the studies selected
for this purpose have been conducted by some of the best known researchers in the
field, whose scientific credentials seem unquestionable. Their biochemical tech-
niques are exemplary, their research programmes are commendable and the attempt
to investigate rationally the basis for psychopharmacological treatments is an
absolute precondition for any scientific advance in this field. The standing of these
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do not admit their failure to demonstrate any evidence in favour of their other
hypotheses (and indeed do not list them in 19847r). They do not report urinary
MHPG to be lower in depressives than controls but do note that the mean of those
depressives whose values fall below the mean of the depressed group also fall

significantly below the control mean. This is hardly surprising! Those patients whose
values exceeded the depressed mean had as a group a mean value greater than the
control mean. Categorizing such patients as 'high' and 'low' and juggling, they claim
that bipolar patients with low values responded to treatment more frequently than
bipolar patients with high values or than unipolars. This led the authors to subdivide
the bipolar group into hypernoradrenergic and hyponoradrenergic groups, although
their own evidence does not even support a distinction between bipolars and
unipolars and their values for urinary metanephrine suggest unipolar depressives to
be hyponoradrenergic; unfortunately a finding that is'empirically robust but from a
theoretical standpoint difficult to explain'. This latter quote highlights the clash
between a paradigm and actual data.

Cerebrospinal Fluid 5HIAA

A similar sequence of claims is found when one looks critically at the reports of CSF,
5HIAA abnormalities in depression. There have been a number of reports that it is
lowercd72-74.Its accumulation in the CSF, as assessed using the drug probenecid
which blocks the egress of acidic metabolites from the CSF, has also been reported
to be reducedTs' 76, although the latter studies have not suggested that baseline
5HIAA was abnormal. There are many reasons for caution in the interpretation of
these claims as amine metabolites may reflect metabolism divorced from functionTT.
Furthermore, 5HIAA passes directly into the blood stream and therefore CSF levels
may reflect altered haemodynamics rather than altered cerebral functionT8. Activity
has also been shown to affect resultsTe. In addition some would argue that a lumbar
tap may reveal no more than the metabolism of the lumbar cord80.

There are further ambiguities in the reports themselves. Thus Yan Praag et al.1s
found that 5HIAA accumulation was reduced in both endogenous and neurotic
depressions. The data of Asberg et a/.81 show a greater proportion of neurotic than
endogenous depressives had lowered 5HIAA. As with Schildkraut's urinary MHPG
studies the issue arises of why 2 clinical populations, distinguishable in part by their
response to biological treatments should show a common biological abnormality.
There are further problems in that the word neurosis as applied to depression has
multiple meanings and it seems unlikely that it defines a homogenous group8z. One
might argue that these several groups of depressives have in common a state of
unhappiness but antidepressants are clearly not euphoriants and in general they
appear much less likely to have any effect on affect in the absence of demonstrable
vegetative disturbances. Central to what could easily become simply a semantic
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authors confe$ the considerable influence of authodty on the reports selected; a
factor that should have significant influence if Kuhnian dynamics are correct but
arguably not if science is simply a cool assessment of evidence and refutation of
inadequate conjectures.

A common feature to the reports appears to be the assumption that amines wil/ be
found to be deranged in the affective disorders despite the evidence presented above
that the original pharmacological basis for this expectation no longer warrants an
exclusive focus on amines. Given the expectation, and faced with inconvenient data,
it is the contention of the present article that the authors of the above reports have
handled these problems in a manner consistent with their being under the influence
of a paradigmatic view as suggested by Kuhnl; that is they will develop accessory
explanations or methods of evading inconvenient data rather than countenance
refutation of the paradigm. Such influences can be found in any area of research on
amines and affective disorders from post mortem investigations to receptor binding
studies and from animal pharmacology to neuroendocrine challenge tests in
depressed patients22' ae. Kuhn's model specifically predicts difficulties in reconciling
paradigmatic views with hard facts but reluctance to forsake the view simply because
of inconvenient data. While Sir Karl Popper also concedes that scientific hypotheses
should not be given up too readily, one wonders what he would make of current
research on amines!

Accessory explanations appear to follow a pattern. Thus antidepressants not found
to act on noradrenergic systems were conveniently discovered to have metabolites
which did and their therapeutic action could be ascribed to such metabolites
discovered or potential. Failure to find evidence of a noradrenergic lesion led to
notions of noradrenergic and serotonergic depressions with the inference that all
would be well if only the right patients were selected. Alternatively one can invoke
the spectre of clinical heterogeneity-'clinical and biochemical heterogeneity has
been recognised for years'24-despite the assertion by Kraepelins, who delineated
manic depressive illness, and who had 'become convinced that all the above
mentioned states are only manifestations of a single morbid process'. Indeed, when
one considers that little heed is paid to the one clinical distinction that might count as
a matter of definition, that between psychotic and neurotic (endogenous/reactive),
one might question whether clinical detail is often merely a cloak of convenience.
Another such garment is statistics. Where wide variability in the data might
otherwise be a cause for concern, for the committed it provides evidence of
'bimodality'.

A more central ploy around which other defences can be deployed, is to relocate
the supposed defect. Thus as levels of amine metabolites and studies of amine
precursors in turn failed to support the original contention, amine receptor defects
were invoked, entities whose mysteriousness offered a few more years grace. If as
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receptors become better known results continue to confound expectations, as they
have done to date2z'ae, the burden can be shifted again to endogenous modulators
(endocoids)8ffi8 or to neuromodulation of amine systems by neuropeptides8e. With
such a renewed focus of interest, research on the amine substrates of depression may
proceed happily for some more years without the need to question whether the basic
strategy of investigating amines at all is warranted. One can suggest that this process
of hypothesis revision, or updating, is good evidence of a process of conjecture and
refutation moving ever closer to the truth. But there are no grounds for believing
that amine receptors are any closer to the truth than the neurotransmitters
themselves. Indeed one could argue the opposite in that at least most antidepress-
ants acutely affect amine levels but generically and specifically these drugs are
nonspecific receptor ligandseo.

A very similar pattem of relocation of supposed defect can be found in
psychoanalysis. When it became impossible to sustain the hypothesis that actual
abuse had occurred in childhood or of an actual progression of childhood stages with
specific developmental tasks associated with each, the strategy adopted was to
relocate the problem from the sphere of the actual to that of phantasy. Many
scientists have been concerned that this strategy has made psychoanalysis irrefutable
in principle and one has to agree that at the very least this was an inspired relocation.
However, it can be argued on Kuhn's view that as a paradigm psychoanalysis would
never have failed through precise refutation but would only have been superseded by
a wholly different point of view that was more satisfactorily able to account for novel
rather than current data. As such, in retrospect one could have predicted that it
would have been unlikely to survive the introduction of effective psychophar-
macological agents. In like manner this consistent relocation of supposed defects in
amine systems may seem to make the amine hypotheses irefutable in practice,
although testable in principle. Many reviewers have wondered at the survival of the
amine edifice suggesting that it has been erected on a quick-sand of mistaken
assumptions and that it apparently lacks the mortar of supporting evidence3T' 38' el.

From the present perspective, it can be suggested that such survival stems from the
hypotheses possessing advantages other than their ability to account for neurophar-
macolosical data.

N eu rop h a rmacology and Psychobiology

Much of the initial weight behind the monoamine hypotheses derived from the
observation that reserpine carried a 15 per cent risk of depression. Yet thyroid
disorders have been known for some time to be associated with affective disorders in
up to 20 per cent of casese2' e3 and Cushing's disease carries a 50 per cent risk of
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depressionea'es but neither ofthese clinical observations have had the same influence
as those concerning reserpine. It also seems that while workers countenanced a
'strategic reductionism' as advocated by Schildkraut they refused a more radical
reductionism in the face of good evidence. As early as 1945 Klein and Nunne6
observed altered body water distribution in depressives, while Coppen and Shaw
showed that this fact is associated with a retention of sodium and that a similar effect
could be found in manicseT. Allied to this was the demonstrable action of lithium on
electrolyte distributione8 and the influence of electrolytes on overall metabolism
through amino acid transport mechanismsee.

Confronted with these other possibilities, one might wonder at the favoured place
of biogenic amines in the study of affective disorders. Perhaps the following factors
may help account for it. For the psychopharmacologist, amines had, in the 1950s and
1960s, the properties of being discrete and irnaginable, unlike the complex proteins
involved in neuroendocrine regulation. And yet they retained some mystery, in
contrast to sodium and other ions, which might be employed to account for affects.
Secondly, there was the availability of techniques to measure amines and their
metabolites developed from earlier studies of peripheral amines, whereas measure-
ment of proteins and the determination of their sequences has only become possible
recently. Thirdly, and perhaps more importantly, the techniques developed to study
amines had been developed to investigate fight and flight reactions, the physical
manifestations of emotions as mediated by catecholaminesloO. The success of such
research undoubtedly predisposed many to assume that amines also play some part
in the regulation of mood. However, although mood and emotion can be subsumed
under the term 'affect' they are not necessarily themselves synonymous and may not
even be relatedl0l. Most of us if forced to distinguish between these terms might fall
back on some sort of criterion such as duration, moods being simply extended
emotions, but this only holds good in common usage and does not survive analytical
scrutinylol' 102.

In particular, however, amines may also have offered an answer to another
complex issue, hinted at by Schildkraut in his initial formulation: 'catecholamine

neuronal systems may be of importance in the physiology of reinforcement and
reward, as well as in arousal and motor activation'l8. Perhaps the most potent
reinforcement of the amine hypotheses has been their consonance with behaviourist
notions of depression. It is a short step from the notion that depression results from
the lack of reward or reinforcement to one which associates it with a depletion of the
reward neurochemical or a defect in reward pathways; a step that has frequently
been taken103-108. Where the clinical or pharmacological evidence of noradrenergic
involvement looks unconvincing, or that implicating the serotonergic system looks
disturbing, a balance between noradrenergic reward mechanisms and serotonergic
punishment mechanisms is often invokedloT 10e but as operational criteria for
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'balance' are never specified this position although testable in principle in practice
approaches inefutability.

In contrast to the rnany studies which derive their justification (and funding) from
their testing of pharmacological aspects of the amine hypotheses, critical testing of
the psychological heart of these hypotheses is rarely undertaken despite observations
that would suggest such testing might be profitable. Strictiy speaking there is no
aversive pathway in the brain or reward neurotransmitterllO' r11. Pleasure and
displeasure is associated rather with the patterning of incoming material and is
closely related to the familiarity of such materialllr-ll3. One and the same pathway
may mediate both reward and punishmentll2' 113. There are, however, centres
whose activation by implanted electrodes may lead to sustained intra-cranial
self-stimulation (ICSS) and it has been inferred that this is because of the 'rewarding'

quality of the stimulation; an inference not immune to dispute. Claims regarding the
nature of the chemical neurotransmitter of this pathway, which have been important
to amine hypotheses, have to date been based on inferences, rather than actual
dissection and chemical analysis. Assertions that the neurotransmitter involved is
either noradrenaline or serotonin have been unwarranted, given the experimental
paradigms used4l' 114. The primary substrates of the best characterized of such
centres, that lying in the median forebrain bundle are at present unknown although
dopaminergic systems may have a modulatory influence on the final expression of
activity in this pathwayal'114' 11s. And indeed effects on this pathway through
dopaminergic manipulations may well be the principal locus of action of neurolep-
tics, which interrupt ICSS and conditioned reflex activity in general. In contrast
sympatholytic agents, such as clonidine rnay also interrupt such activity but
apparently do so, only indirectly, by virtue of the sedation they inducells.

There are further critical problems in the proposed marriage of learning theory
and neurobiology that proponents of amine hypotheses rarely address. Firstly, while
learning theories make useful predictions in the case of anxietyll6' 117 and while a
consideration of underlying biological mechanisms fleshes out the operations of
psychological factors in anxiety states, attempts to extend learning theory to cover
the behavioural manifestations of depression seem much less satisfactory118.
Secondly, the introduction of biological abnormality is radically inconsistent with the
operation of learning theories, introducing as it does the notion of behaviours that
do not adhere to the laws of learning theory1le. Thirdly, it is far from clear that
depression is simply the result of loss of reward or the consequence of aversive
experiences, such as a learning theory would appear to requitel02'118.

Despite such potential difficulties, an 'affective dimension' to catecholamines and
indoleamines seems to be taken for granted. In contrast, there have also been
dopaminergicl20' tzt, cholinergicl22, r23, opiatelu, GABAergictzs and a variety of
circadian rhythm hypothesesae. But although these hypotheses can claim a compar-
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able amount of neurobiological supportas as the catecholamine/indoleamine
hypotheses, they have lacked their psychological congmence and hence a compar-
able degree of overall coherence. This advantage on the part of the amine
hypotheses is not minimal as their terms of reference (loss, reward and reinforce-
ment) may have been so persuasive by virtue of obvious clinical utility rather than
because of compelling neurobiological coherence. Arguably the survival of the
amine hypotheses has depended on this conjunction of interests: a uniting of clinical
views of the illness with areas for research. Their novelty or paradigmatic core

, - consisted in a dressing of psychological ideas in neurobiological language rather than
a radical neurobiological departure. Indeed one might suggest that if behaviourism
had not existed psychopharmacologists might have had to invent it, given that the
state of the art in the 1960s and 1970s did not permit much more than simple testing
for excesses or deficiencies. It is this core which survives refutation of particular
neurobiological formulations.

If this analysis is correct, one can predict that the influence of the amine paradigm
will only wane when another view emerges that offers to explain both clinical and
biological aspects of the illness. Indeed any new view is likely to succeed by virtue of
greater clinical plausibility than by neurobiological sophistication and ironically the
amine paradigm has led to the unrecognized survival ofwhat, applied to the affective
disorders, are outmoded psychological ideas. An attempt has been made to provide
such a model involving circadian rhythm disruption rather than biogenic amine
disturbancesr02. It should be noted, however, that circadian rhythm hypotheses offer
even greater scope for practical irrefutability, ingenious statistical manipulations and
the development of accessory explanations for inconvenient data than do the amine
hypotheses. A Kuhnian analysis would suggest, however, that adoption of one or
other view will depend not so much on refutability, although both should be
potentially testable, or on the weight of supporting evidence for either one but will

- 
- be influenced by theoretical coherence and research possibilitiesl.

Vis ions and Re-vis ions

It has been argued that the success of the amine paradigm in affective disorders has
lain in its mariage of neurobiology and clinical psychiatry and that the above process
of normal science would take place, whether or not the amine hypotheses ultimately
prove corect. Present lack of supporting evidence may be only temporary and many
paradigmatic views (Newton's and Einstein's) have had to wait much longer for
evidence to support them. The example of Prout's hypothesis of the integral nature
of atomic weights may be cited, where theoretical coherence won the day despite
repeated experimental failure to provide the necessary proof126.
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As outlined by Kuhn, one consequence of a paradigm is a neglect of issues which
may later seem relevant. Revisions of paradigms frequently come from these areas
of neglect rather than from the results of expedments being conducted in areas of
interest to the paradigm. In this respect the renaissance of interest in psychopath-

ology in recent years may prove fruitful. Of interest would be a modern reworking of
the psychopathological distinctions between psychoses and psychic reactions that can
be found for instance in Schneider127, 128 or between psychoses and neurosesl2e.
Currently these distinctions are not made clearly, in terms that capture the attention
of modern psychopharmacologists. Clinically one wonders whether a defect of one
neurotransmitter system could possibly mediate sleeplessness, anorexia, anergia,
dysphoria, hopelessness, guilt and all the other manifestations of a depressive
psychosis. If not and if amines are deranged in depression, to which clinical aspect
do they give rise? While a particular aminergic de{ect might underlie depression and
its opposite be responsible for mania, how do amine theories propose to account for
mixed affective states? Without such specifications, the amine hypotheses are
psychopathological/) untestable or can accommodate as many anomalies as the
Freudian hypotheses before them, which are curently dismissed as unscientific
because of their capacity to swallow anomalies. Not only do the amine theories lack
psychopathological specification but they also lack a pathophysiological dimension,
despite the fact that the only abnormal findings in depression to date-hormonal and
rhythmic abnormalities-reflect pathophysiological rather than neurochemical dis-
turbancesae.

Also ignored have been phenomenological aspects of the illness. What is
distinctive about the quality of the dysphoria experienced in depression? This is a
particularly poorly defined aspect of the illness being only negatively defined, as
something different to that normally found in adversityl3O' 131. To some extent then
it is an inconvenient quality for the amine hypotheses, which necessarily assume a
continuity between reactions to adversity and depressionll6' 118. {156 neglected and
inconvenient for the amine hypotheses yet a hallmark of endogenous depression has
been the diurnal variation of mood found in the illness which is confusingly both a
pathognomonic and an inconstant feature of the illnessl32. Such findings do not
readily fit a picture of neurotransmitter deficiencies.

Apart from these areas of neglect, there are areas of research that seem to have
been avoided. And it would seem particularly difficult to explain this avoidance if
one also believes that researchers are attempting to refute rather than to support a
particular paradigm. It can be suggested that any adequate theory of the affective
disorders should account also for mania and that neither psychoanalytic nor
aminergic hlpotheses have happily done so. Current research increasingly suggests
that drugs effective in depression are also effective for mania. Thus lithium is both
antidepressant and antimanicr33, as is carbamazeDinel3a. Similar claims have been
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made for newer agents such as sodium valproate and verapamil which have recently
been introduced into the treatment of affective disordersl3a' 135. There is further-
more, a long tradition that ECT is an effective antimanic agent as well as being
antidepressantl36'r37. Perhaps part of the reason why this research has been
neglected has lain with its inconsistency with the original amine formulations which
suggested that depression resulted from a deficiency of amines and elation correlated
with an excess of amines and that an effective antidepressant treatment acted to
increase amines and therefore would be unlikely to be therapeutic in mania. Such
considerations seem to have precluded the use of tricyclics in manic states. When R.
Kuhn138 introduced imipramine he was aware that it had both antimanic and
antidepressant efficacies but withheld reports of antimanic actions in the interests of
avoiding ambiguity. He is not alone in claiming an antimanic action for imipramine.
Akimoto in Japan has also found such an actionl3e. Indeed early reports of such
actions led Mogen Schour3e to predict that all antidepressants would show antimanic
profiles as well. Such a view might seem startling to most psychiatrists at present. It is
significant that it was articulated before the catecholamine hypothesis was intro-
duced by Schildkraut.

So much has the notion that tricyclics exert their antidepressant actions through
correcting a deficiency of amines taken hold of general opinion that to attempt to
treat mania with tricyclics would be most unlikely to get ethical approval. Indeed one
current support offered for the amine hypotheses are recent reports of tricyclic
induced mania. However, these reports are anecdotal. In contrast, in an elegant
record linkage study, Jules Angstl4 has demonstrated that there has always been a
considerable incidence of mania following depression, and conversely of depression
following mania, and that the incidence of mania following depression is no higher
now than it was before the introduction of tricyclic antidepressants. At a recent
meeting of the British Association for Psychopharmacologyrar he suggested that we
are over hasty to attribute both cures and side effects (in this case, mania) to the
agents we use. Such attributions are more understandable given the expectation that
tricyclics should induce mania. But if one is not convinced by such record linkage
studies what is one to say to cognitive therapists who claim that cognitive therapy can
induce maniala2?

One further area of neglect has been research on the history of psychiatry. If this
history were simply a story of linear progress resulting from successive conjectures
and refutation supplemented by technical advances then it would prove boring and
uninstructive. But if the history of psychopharmacology as that of other branches of
science is characterized by the rise and fall of paradigmatic views then such a history
should prove far more instructive and perhaps a more useful guide to what is
currently happening and why, than reviews by experts within the discipline. A recent
historical reconstruction of the significance of morbid heredity (degeneration theory)
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in French psychiatry.in the 19th centuryla3 suggests that this paradigm bore striking
similarities to the amine paradigm in its practical inefutability, its scientific
capaciousness which united holders of quite disparate orientations and in its
consonance with the spirit of the times. In hindsight it can be seen that apart from
meeting scientific needs it also answered to a number of legal, professional and
ideological pressures many of which have been pressing once again recently.

Meta-Psychopha rmacology

One lesson from such a history might be that good news introduced to audiences of
12, whether in Zurich or Jerusalem, is liable to explosive propagation, particularly
when conversion is accompanied by the creation of titular offices. Whether the new
faith represents progress or not is a much more ambiguous question that takes us
beyond the history of views to questions of epistemologyl#. While a wholly new
faith may grow explosively, revisions within a field are not characterized by rapid
conversion as paradigmatic views do not simply concede the field when more
plausible revisions are presented and even were a broad consensus to develop
around some new view, there may long be a significant number who remain
convinced that amines have something to do with affective disorders although their
convictions may command ever less general assent. However, Karl Popper also
advocates caution in discarding established viewsl15. Are distinctions between these
2 philosophical positions merely a matter of degree?

In contrast to the difficulties in delineating a common mechanism of action of the
antidepressants, research on the mode of action of neuroleptics has progressed
smoothly. In 1963, Carlsson and Lindquistl6, based on neurotransmitter turnover
studies, hypothesized that these agents acted to block catecholaminergic neuro-
transmission, whether noradrenergic or dopaminergic. Further studies confirmed
that it was dopamine and not noradrenaline that was the pe inent neurottansmit-
ter1a7. Given that the role of dopamine as a neurotransmitter was unknown before
1959148, this progress toward isolating dopaminergic systems as the locus of action of
neuroleptics was remarkably rapid. Anomalies in the data were accounted for
satisfactorily by the discovery of several dopaminergic pathwayslae' 150, with the
action of neuroleptics on the mesolirnbic pathway being more specifically correlated
with clinical effect. Support was enhanced when close correlations were discovered
between clinical efficacy and dopamine receptor blocking potencyl51, particularly
mesolimbic D2 receptor blocking effects1s2. It is notable in this case that biochemical
and behavioural effects can be closely correlatedrs3. All this permits one to say,
however, is that neuroleptics, through an action on dopaminergic neurotransmission
modify behaviour. Whether dopamine systems are disordered in schizophrenia is not
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implied by such findings and indeed a dopamine hypothesis of schizophrenia only

clearly appeared in \9761sr.
A classical Popperian pattern of conjecture and refutation might have followed

had the hypotheses simply been a catecholaminergic hypothesis of antidepressant
action and a dopaminergic hypothesis of neuroleptic action. These are testable and
refutable conjectures. In particular, the development of a neuroleptic without

doparnine blocking effects would most likely have finished off this particular

dopaminergic hypothesis. In actual fact, since its proposal, the dopamine hypothesis
has progressively accounted for the anomalies present at the start. In contrast, a

catecholamine hypothesis of antidepressant action has coped less well with the
anomalies apparent from the onset and indeed with the development of novel
antidepressants and the advance of neurobiological knowledge, these anomalies have
multiplied. Whether this would have led to the abandonment of such a hypothesis of
antidepressant action is impossible to determine.

In contrast the catecholaminergic hypotheses of depression and dopaminergic
hypotheses of schizophrenia appear irrefutable. While apparently testable, negative
evidence to date has had little effect and there is almost infinite scope to resist
refutation by citing biochemical heterogeneity, neurotransmitter balances or other-
wise. Perhaps significantly a catecholaminergic hypothesis of antidepressant action or
dopaminergic hypothesis of neuroleptic action could have arisen from evidence to
hand. The corresponding psychopathological hypotheses started from indirect
evidence and have ever since been hypotheses in search of evidence. This suggests a
need for caution regarding 'heuristic' hypotheses in general and a need to refine
criteria of what makes a scientific hypothesis. Refutability or testability, while
required, seem less important than a refusal to conjecture, unless there are sufficient
grounds to do so. A very similar situation occurred in psychoanalysis, where a more
parsimonious hypothesis might have been 'certain mental discomforts can be
alleviated by invoking "Oedipal" conflicts'. However, as is well known such
successes were taken as evidence for the existence of something else.

Conceding that 'revolutionary' developments do happen in science, Sir Karl
Popper has distinguished between scientific and ideological revolutionslsa. The
former are strictly scientific in character and relate closely to their empirical content.
They may be revolutionary in their scientific implications but have little effect outside
of the scientific community to which they are addressed. As examples of such pure
scientific revolutions, he cites J. J. Thompson's discovery of the electron, Mendel's
discovery of the laws of genetics, the discovery of X-rays, radioactivity, isotopes and
the unravelling of the double helix by Crick and Watson. In the category of scientific
revolution admixed with ideological revolutions he puts the Copernican and
Darwinian and Einsteinian revolutions. These latter have had an impact beyond their
respective scientific communities and the debates they stimulated often bore little
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close relation with the empirical basis of the scientific hypothesis. Common to these
latter revolutions is a shift in our understanding of ourselves and our place in the
universe. To these can be added the Freudian revolution, which appeared to displace
us even from the centre of our own psyches.

Based on such considerations Poppedans sometimes suggest that Kuhn's model
applies to matters of social psychology and ideology rather than to the logic of
sciencelas. The discovery of effective and specific psychopharmacological agents was
a technical development, with the profoundest ideological irnplications as it permit-
ted the manipulation of the psyche by physical methods. Perhaps not surprisingly
then, the catecholamine hypotheses of depression and the dopaminergic hypothesis
of schizophrenia are associated with the intrusion of ideological factors and Kuhnian
dynamics into a scientific revolution. Prior to their emergence Freudian psycho-
analysis held sway as the dominant school of thought in American psychiatry. It has
since been almost completely replaced by a biological psychiatry, largely because of
the effectiveness of specific neurobiological agents. Following the revolution, there
has been a period of what Kuhn would call normal science characterized by attempts
to match the paradigm with the knobbly face of reality. During this period workers
have been prepared to countenance glaring anomalies without rejecting the paradig-
matic view in a way that is quite comparable to the supposed inefutability of the
Freudian hypotheses before them. In contrast to an evolutionary relationship
between scientific positions as might be expected on the basis of Popperian
dynamics, Kuhn's model predicts incommensurability between paradigmatic views.
Interestingly, there is almost a full-blown incommensurability between the current
hypotheses of biological psychiatry and prior psychoanalltic hypotheses, which is
most strikingly demonstrated in the declaration that key psychoanalytic terms, such
as the word neurosis, are now non-wordslss. A de facto incommensurability is also
demonstrated in the fact that each theoretical orientation has its own journals,
seminars and conferences.

There is an irony in characterizations of Kuhnian dynamics in terms of social
psychology as recent research in experimental social psychology has shown how
beliefs may persevere in the face of potent logical and empirical challenges, may
even be bolstered by contrary evidence or survive the total destruction of their
original evidential basesls6' 157. Such considerations suggest that heuristic
hypotheses do not readily fit a logical model of science. But an equally notable
aspect of science is its progressive character. Logic of itself is not a progressive
operation. One wonders where we would be without heuristic hypotheses. Would
there have been comparable progress to that that has undoubtedly been made in the
field of psychobiology without the guidance of a heuristic framework? That such
visions in psychopharmacology have been accompanied by marked scotomata
suggests a factor to be reckoned with in scientific endeavour and a potential
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usefulness in considering such developments from a Kuhnian perspective rather than
dismissal as peripheral to the central dynamic of scientific advance (especially as
relevance to paradigmatic concerns is pertinent to obtaining research funds-at least
in psychobiological research). In particular, this analysis of the psychopharmacology
of the affective disorders from that perspective points to the possibility that the
amine hlpotheses have been principally a psychological hypothesis, rather than a
neurobiological one, and that they succeeded the Freudian hypotheses before them
by virtue of a more adequate handling of the relation of the mind to its cerebral
substrates, in certain strategic respects. However, considerably greater sophisti
cation seems necessary to adequately characterize this complex nexus and accord-
ingly the amine hypotheses are liable in turn to be replaced.
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