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EDITORIAL

The anatomy of melancholia: does frontal-subcortical
pathophysiology underpin its psychomotor and cognitive

manifestations?1

The last few years have witnessed a major paradigm shift in the understanding of basal ganglia
function. In line with this has been an increasing appreciation of both the centrality of psychomotor
deficits in melancholia and the striking clinical parallels between melancholia and certain basal
ganglia disorders such as Parkinson's disease. It is in view of these developments that a more
considered appraisal of the role of the basal ganglia and their frontal connections in the
pathogenesis of melancholia has become possible.

' Endogenous' or 'melancholic' depression has been regarded by many as a categorical entity with
its own pathophysiological underpinnings (Carney et al. 1965), though classification of the
depressive disorders remains contentious (Kendell, 1968). Among a number of statistical attempts
to separate melancholic and non-melancholic depression, some factor analytical studies have
demonstrated that psychomotor retardation may be one of the best discriminators of these two
syndromes (Nelson & Charney, 1981). Within this context the last decade has seen a re-evaluation
of the clinical features of melancholia, with increased interest in the objective or behavioural aspects -
both motor and cognitive - of this disorder. In particular, motor disturbance is gaining increasing
attention as a potential core behavioural manifestation of melancholia (Widlocher, 1983; Parker et
al. 1990, 1994). Cognitive deficits are also a prominent feature, especially in elderly and/or severely
depressed patients, where the impairment is sometimes of such magnitude that these patients have
been described as suffering from a 'depressive pseudodementia' (Kiloh, 1961) or 'depressive
dementia' (Stoudemire et al. 1989).

Concurrent with this focus upon behavioural aspects of depression has been the development of
the concept of'sub-cortical dementia'. This term was introduced by Albert et al. (1974) to describe
the clinical presentation of disorders with predominant subcortical pathology such as progressive
supranuclear palsy, Parkinson's disease, Huntington's Chorea and Wilson's disease which are
characterized by slowed mentation and movement, apathy, depression and reduced ability to
manipulate acquired knowledge. In view of the significant 'frontal' executive deficits also noted in
these disorders, the term was subsequently revised by Albert (1978) to 'frontal-subcortical
dementia'. Although the clinical validity of both 'sub-cortical dementia' and 'depressive dementia'
has since been questioned (Mahendra, 1985), the use of these terms has led to another important
conceptual shift: from defining functional psychiatric disorders, including depression, in purely
phenomenological terms to viewing them in terms of regional cerebral dysfunction and disruption
of neuronal networks.

Traditionally, the basal ganglia were considered to be involved only in the modulation of
movement. More recently, however, Alexander et al. (1986) have proposed the existence of a
number of functional neural networks passing through the basal ganglia that may impact not only
on motor function but also cognitive processes and mood. For example, motor disturbance could
result from dysfunction of Alexander et a/.'s (1986) 'motor loop'. Mood and motivational
disturbances seen in these disorders could be related to dysfunction in the 'limbic loop' linking
medial prefrontal structures with the ventral striatum, and cognitive deficits to disturbances in the
'prefrontal loop' linking lateral prefrontal structures to the caudate nucleus.

1 Address for correspondence: Dr Marie-Paule Austin, Psychiatry Unit, Prince Henry Hospital, Anzac Parade, Little Bay, Sydney,
NSW 2036, Australia.
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The major evidence for Alexander el a/.'s (1986) circuits comes from primate studies suggesting
hitherto unrecognized functional diversity in the basal ganglia. Specifically, these investigations
have examined the behavioural correlates of boih single cell recordings from basal ganglia neurons
(Goldman-Rakic, 1982; Alexander & DeLong, 1985) and experimental lesions in the basal ganglia
themselves. In addition, autoradiographic (Kunzle, 1975; Kalil, 1978) and histochemical studies
(Graybiel & Ragsdale, 1978) of the connections between basal ganglia and cortical regions have
clearly demonstrated frontal-subcortical pathways.

There are a small number of clinical studies in patients with basal ganglia pathology, which are
suggestive of dysfunction of these putative networks. Laplane et al. (1989) and Mendez et al. (1989)
in their study of patients with basal ganglia lesions, and Weinberger et al. (1988) in Huntington's
Chorea patients, have all reported significant correlations between the 'frontal' behavioural and
cognitive deficits commonly found in these subjects, and basal ganglia atrophy as demonstrated by
structural imaging. Play ford et al. (1992), using PET to investigate the pattern of cerebral blood
flow associated with the performance of'willed' motor tasks in PD patients, have found impaired
activation in a number of cerebral regions which have been implicated in Alexander et al.'s (1986)
'motor loop'.

This editorial reviews the evidence from recent neurobiological studies of depression that may
implicate a role for the basal ganglia and its frontal connections in the pathogenesis of melancholia.
Using Parkinson's disease-the most common, and best studied of the 'frontal-subcortical'
dementias-as a putative model for the psychomotor aspects of melancholia, we develop a
neuroanatomical and neurochemical formulation of the pathogenesis of melancholia incorporating
the concepts of Alexander et al. (1986).

AFFECTIVE, MOTOR AND COGNITIVE DYSFUNCTION IN PARKINSON'S DISEASE
AND MELANCHOLIA: SOME PARALLELS

Depression occurs with an increased frequency in patients with disorders involving basal ganglia
pathology. This is particularly the case with Parkinson's disease (PD), where rates of depression of
between 4 and 90% (mean 40%) have been reported (Cummings, 1992).

Because of the long-standing historical dichotomy between psychiatric and neurological
disorders, comparisons between the motor manifestations of melancholia and particular aspects of
PD have rarely been highlighted. There is, however, a striking resemblance between the
bradykinesia of PD and the motor slowing seen in retarded melancholia. PD patients who are not
depressed also often exhibit a slowness of thought or 'bradyphrenia', that is indistinguishable from
that seen in melancholic patients (Rogers, 1986) and which is a key feature of the 'frontal-
subcortical' dementias. This slowing of thought has been investigated in both PD (Evarts et al.
1981; Rafal et al. 1984) and melancholia (Byrne, 1977; Cornell et al. 1984; Hart & Kwentus, 1987;
Parker et al. 1994) by means of reaction time (RT) studies assessing both cognitive and motor speed.
Most of these studies report equivalent prolongation of both components of the RT in the two
disorders.

It is now commonly accepted that depression is associated with a number of cognitive deficits,
especially in the areas of memory, attention and speed of processing (Cronholm & Ottoson, 1961;
Sternberg & Jarvik, 1976; Stromgren, 1977; Weingartner et al. 1981; Cohen et al. 1982; Roy-Byrne
et al. 1986; Wolfe et al. 1987; Austin et al. 1992 a; Brand et al. 1992). Impairment on so-called
'frontal' tasks has also been consistently demonstrated in depression, particularly in the more
severely depressed subjects (Raskin et al. 1982; Silberman et al. 1983; Pendleton Jones et al. 1987;
Cassens et al. 1990; Austin et al. 1992a; Channon et al. 1993).

Impairment is found in a range of cognitive functions in PD patients (Boyd et al. 1991) even after
accounting for the effects of medication, functional disability and depressed mood (Levin et al.
1992). Of greater significance is the fact that this cognitive impairment is seen even in early,
untreated PD (Cooper et al. 1991). As in depressed patients, poor performance is seen on 'effortful'
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rather than 'automatic' verbal memory tasks (Weingartner et al. 1984), tasks of executive function,
shifting of cognitive set (Phillips & Carr, 1987) and visuospatial tasks (Levin et al. 1992). It is
noteworthy that these patients are particularly impaired in the performance of tasks reliant on
internal cues and strategies while performance is normal where external cues are provided (Brown
& Marsden, 1988). Taylor et al. (1986) have hypothesized that dopamine pathways may be in part
responsible for this impairment of these so-called 'willed' acts in PD, while Alexander et al. (1990)
implicate the 'motor' circuit in performance of self-generated motor acts.

While there is little correlation between motor disability and cognitive impairment in PD (Cooper
et al. 1991), cognitive deficits tend to be associated with concurrent depression. For example,
Starkstein et al. (1989), in a matched control study examining cognitive impairment in PD patients
with and without depression, found that the depressed PD patients performed significantly worse
than the non-depressed PD subjects on all aspects of neuropsychological function, but especially
frontal tasks. The pattern of deficits seen in the depressed PD group was strikingly similar to that
reported in Austin et a/.'s (1992a) 'endogenously' depressed patients. Starkstein et al. (1989) went
on to hypothesize that both cognitive impairment and depressive disorder in PD might be associated
with pathological changes in dopaminergic neurons located in the ventral tegmental area, an
integral component of the mesolimbic network. This suggestion is consistent with the post-mortem
findings of Torack & Morris (1988), who noted marked loss of these neurons in patients who had
previously been clinically assessed as presenting with parkinsonism, cognitive deficit and depression.

IDENTIFYING ABNORMAL REGIONS AND NETWORKS IN DEPRESSION

What evidence is there from studies of abnormal structure or function (metabolic or biochemical)
in depressed patients, to indicate that anatomical regions thought to be involved in Alexander et
a/.'s (1986) putative functional networks may be implicated in the pathophysiological mechanisms
underpinning the psychomotor deficits of melancholia?

Imaging studies

(/) Functional imaging
The introduction of imaging techniques such as PET (Positron Emission Tomography) and SPECT
(Single Photon Emission Computerized Tomography) to quantify changes in regional cerebral
blood flow (rCBF) and metabolism holds the potential to elucidate the neuroanatomical substrates
of melancholia. In depression, Sackeim et al. (1990) and Delvenne et al. (1990) in their large and
well designed 133Xe blood flow studies, found reduced global cortical flow in their subjects at rest.
These studies were limited by their inability to quantitate sub-cortical flows. A number of 18FDG
PET studies examining small samples of depressives, have found relative hypometabolism in the
frontal lobes (Baxter et al. 1989; Hurwitz et al. 1990; Martinot et al. 1990) and caudate nuclei
(Baxter et al. 1985; Buchsbaum et al. 1986; Hagman et al. 1990) of depressed subjects, thus
supporting the possibility of prefrontal cortex and caudate dysfunction in these patients.

Studies specifically investigating patients with more severe forms of depression - endogenous,
melancholic and psychotic - have been infrequent and at times conflicting in their findings.
However, there is a general consensus that rCBF abnormalities in these patients occur
predominantly in sub-cortical and frontal areas. For example, in a 99mTc-HMPAO SPECT study
comparing subjects with endogenous and non-endogenous depression, Austin et al. (1992 ft) found
a positive correlation between Newcastle scores and frontal and cingulate rCBF in the psychotic and
most severely depressed group. An 15O2 PET study of'severely depressed', elderly patients (Bench
et al. 1992), showed reduced rCBF in the left dorsolateral prefrontal cortex (DLPFC) and anterior
cingulate in the group as a whole and further left orbitofronto-medial reduction in the more
cognitively impaired subjects. Similarly, Delvenne et al. (1990) reported greater left hemisphere
reduction in their endogenous group.

It is not clear whether these regional abnormalities in predominantly limbic structures are trait
or state dependent. Martinot et al. (1990), found disappearance of left-right asymmetry but
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persisting hypofrontality upon recovery. Baxter et al. (1989) on the other hand, showed
normalization of relative left DLPFC hypometabolism after treatment with antidepressants. Bench
et al. (1993) rescanning 25 of their original 33 depressed patients, found that remission was
associated with significant normalization in left dorsolateral prefrontal cortex rCBF but not in the
cingulate and angular gyri. In contrast, Goodwin et al. (1993) using 99mTc-HMPAO with SPECT,
found persistent hypofrontality in recovered patients in conjunction with a return to normal
perfusion in limbic and subcortical structures. These authors concluded that the state-dependent
changes in rCBF might be indicative of reversible disruption of mesolimbic dopaminergic pathways
in depressed subjects.

(ii) Structural imaging
Magnetic resonance imaging (MRI), with its ability to provide sharp resolution of both cortical and
subcortical structures, provides a useful adjunct to the investigation of the anatomical correlates of
melancholia. Recent studies have highlighted the existence of a sub-group of older melancholic
subjects with associated deep white matter (DWM), striatal and periventricular hyperintensities
(Coffey et al. 1990; 1993). Furthermore, Brown et al. (1992) in a controlled study of patients with
a variety of psychiatric disorders, found significantly more frequent and severe hyperintensities only
in depressed subjects over the age of 45. Although the pathophysiological significance of these
lesions is not clear, it is possible that they may reflect microvascular lesions disrupting functional
networks such as those described by Alexander et al. (1986). Significant volumetric reduction
reported in both the frontal cortex (Coffey et al. 1993) and subcortical nuclei (Krishnan et al. 1992)
of depressed patients is further evidence suggestive of structural disruption in putative frontal-
subcortical networks.

To date there has been a dearth of studies correlating structural and functional abnormalities in
depressed patients (Sackeim & Prohovnik, 1993). Thus, the interaction between volumetric
reduction and DWM lesions, and changes in the pattern of rCBF remains to be elucidated.

Biochemical studies: dopaminergic dysfunction in depression
The striking clinical parallels between melancholia and P D - a disorder with predominant
disturbance of dopaminergic transmission - suggest the possibility of a similar biochemical
disturbance in melancholia. Biochemical disturbance in depression has been ascribed to a number
of different neurotransmitter systems, with traditional accounts focusing largely upon noradrenaline
and serotonin. In contrast, the potential role of dopamine has, until recently, been largely
overlooked with some few exceptions (Willner et al. 1991; Kapur & Mann, 1992). While not
subscribing to any 'single amine' hypothesis of affective disorders, this review will emphasize upon
the role of dopamine, particularly in light of our focus upon basal ganglia function in depression.

There are several lines of evidence pointing to reduced dopaminergic function in melancholia: (/)
the biochemistry of animal models of depression; (//) the study of dopamine metabolites in
depressed subjects; and (Hi) the effect of dopamine agonists and certain antidepressants on affect
and cognition.

(0 Animal models of depression
Although animal models of depression have been controversial and often difficult to interpret,
biochemical studies of these models have lent considerable support for an important role of
dopamine in this condition. In the 'learned helplessness' model, animals exposed to inescapable
stressors exhibit decreased spontaneous activity which is not only reversed by antidepressants
(Sherman et al. 1982), but is also both prevented by prior treatment with dopamine agonists and
associated with dopamine depletion in the substantia nigra (Anisman et al. 1979). It has also been
hypothesized that certain reward-related neural systems are impaired in depression, as anhedonia
is a cardinal feature of this condition. Animal studies suggest that mesolimbic dopamine projections
play a major role in the processing of reward related information and the selection and elaboration
of motivated behaviour (Phillips & Fibiger, 1978). Thus, Willner et al. (1991) conclude that 'these
properties make a dysfunction of the mesolimbic system a prime candidate to mediate such core
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features of melancholia as anhedonia and loss of motivation'. Interestingly, however, these authors
make no mention of the potential neurochemical dysfunction underlying the motor deficits seen in
melancholia.

(if) Biochemical studies
A number of studies have attempted to assess forebrain dopaminergic function in depressed patients
by measuring concentrations of homovanillic acid (HVA) in the CSF. Van Praag et al. (1975)
examined dopamine metabolism in endogenous patients with severe psychomotor retardation and
found that like PD subjects, HVA concentrations in melancholic subjects were about half those of
both matched controls and non-melancholic subjects. After treatment with L-dopa, motor
retardation in the low HVA group largely disappeared and HVA levels normalized despite a lack
of improvement in the mood state. While some workers (Elsworth et al. 1987) claim that CSF HVA
is mainly derived from frontal structures, others attribute its origin to the dorsal striatum with
only a minor contribution from mesolimbic structures (Sourkes, 1973). These conflicting results,
rather than detracting from our thesis, serve to strengthen the postulate that melancholia is a
disorder of both psychomotor function and mood which is associated with abnormalities in both
the nigrostriatal and mesolimbic dopaminergic systems.

(Hi) Effect of dopamine agonists on mood and cognitive function
Manipulation of dopaminergic transmission using dopamine agonists in depressed patients has
produced some intriguing results. Van Kammen & Murphy (1975) reported a marked enhancement
in mood and activation in a group of depressed patients after a single dose of amphetamine. L-dopa
has been shown to be effective in treating some patients with retarded depression, leading to an
initial reduction in motor symptoms with a subsequent improvement in mood (Goodwin & Sack,
1974). Other dopamine agonists such as bromocriptine (Colonna et al. 1979) and piribedil (Post et
al. 1978) have also been reported to be effective in the treatment of depressed patients.

Antidepressants with specific dopaminergic agonistic action such as nomifensine and amineptine
(a selective dopamine reuptake inhibitor) have been shown to be particularly effective in the
treatment of melancholia with motor retardation (van Scheyen et al. 1977; Rampello et al. 1991).

In depressed patients, the use of dopamine agonists has been shown to improve performance on
'effortful' memory tasks (Murphy et al. 1972; Henry et al. 1973; Reus et al. 1979) independent of
the mood state. Holcomb (1985), in a review of the role of dopaminergic pathways in depression
and parkinsonism, commented that 'dopamine agonists clearly improve effortful cognitive
functions. In contrast Parkinson's disease and depression impair memory tasks requiring sustained
mental effort. In both illnesses it appears that this cognitive behavioural disturbance is partially
dependent on dopamine pathway pathology'.

DISCUSSION AND FUTURE DIRECTIONS

This editorial of the behavioural, cognitive and motor abnormalities of both melancholia and PD
highlights the many similarities between the two disorders. Furthermore, the majority of the studies
outlined suggest that dysfunction at the level of the prefrontal cortex and the basal ganglia
contributes significantly to the pathogenesis of melancholic depression. On the basis of the evidence
reviewed in this editorial, it would seem reasonable to postulate that dysfunction in a number of the
functional circuits proposed by Alexander et al. (1986) may explain at least some of the clinical
features of both PD and melancholia.

While we are proposing a putative anatomical localization for melancholic depression, we would
emphasize that this may involve either a functional or structural disruption of the relevant regions
or pathways. Recurrent episodes with subsequent recovery may be understood as reflecting
intermittent periods of abnormal function - perhaps precipitated by life events - in genetically
vulnerable individuals. On the other hand, the treatment resistance or lack of full recovery often
seen in patients with predominantly late onset melancholia may be explained by structural, and
thus potentially irreversible, disruption in these functional networks. The recent MRI studies of
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elderly melancholic subjects identifying deep white matter and sub-cortical grey 'hyperintensities'
(thought to represent areas of microvascular ischaemia) would support the possibility of such
structural lesions. Where the lesions of themselves are of insufficient severity to lead to symptoms,
this might occur with the addition of a stressor such as a negative life event (Krishnan, 1993).

A modulatory and integratory role for dopamine in Alexander el a/.'s (1986) functional networks
has now been postulated by Krishnan (1993), who states that 'dopamine neurons may provide the
interface between motor and limbic loops (at the level of the basal ganglia)'. Furthermore, Strange
(1993) has proposed that 'the functional linkage of the ventral striatum to the (dorsal) neostriatum,
may provide a means for emotion and motivational influences to alter basic control of movement'.

The biochemical studies of retarded melancholia suggest a reduction of dopamine activity in
striatal pathways, which in turn are likely to impact upon Alexander et al.'s (1986) 'motor loop'.
The added presence of motor agitation in some retarded melancholic patients is more difficult to
incorporate into this hypothesis, but may be explained either as a paradoxical increase in dopamine
function in these same pathways, or alternatively as a manifestation of more extensive dysfunction
to the 'motor loop'. Psychotic symptoms, which are also often present in agitated melancholic
subjects, may be related to increased mesolimbic dopamine activity - analogous to the formulation
of Davis et al. (1991) who suggested this mechanism to explain the co-existence of positive and
negative symptoms in schizophrenia. By acknowledging the potentially variable and often
interdependent involvements of a number of these functional neural networks in the production of
melancholia, we can attempt to encompass the variations in psychomotor disturbance and
psychotic symptoms seen in individual subjects.

This central hypothesis proposed by ourselves and others (Krishnan, 1993) - that dopamine-rich
regions of the prefrontal cortex and the basal ganglia, acting as components of a number of
functionally related neural networks, are primary sites of dysfunction in melancholia - is amenable
to testing using a number of different approaches. This hypothesis might best be tested using a
combination of neuroimaging, biochemical and neurocognitive investigations. Such a 'convergence
of evidence' approach as advocated by Carpenter et al. (1993), should clarify this postulated role
of the basal ganglia and frontal regions in the enigma that is melancholia.

MARIE-PAULE AUSTIN AND PHILIP MITCHELL
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