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M o o d  disorders, in their diverse 
manifestations, are prevalent sources 
of social morbidity. An important goal 
in clinical neuroscience is to provide a 
neurobiological account of these and 
other related psychiatric disorders. 
Therefore, the recent report of a focal 
deficit of the subgenual cingulate cor- 
tex in patients with mood disorder is of 
considerable interest and importancC. 
In considering these findings, it is im- 
portant to be aware of conceptual dif- 
ficulties relating to the interpretation 
of neurobiological findings in psychi- 
atric populations. 

One difficulty is the specification 
of the very object of study. Nosological 
entities, such as major depression, are 
derived largely from descriptive psycho- 
pathology and, characteristically, they 
present with a highly variable repertoire 
of symptoms. The likelihood that such 
an arbitrarily defined entity will have a 
unique neurobiology is open to serious 
question. Nevertheless, this assumption 
is implicit in much of the research in the 
field, Clearly, Drevets eta/. were aware 
of this difficulty and restricted their 
study to patients with either bipolar 
disorder (that is, patients with episodes 
of mania and depression) or patients 
with unipolar depression with a strong 
family history. In other words, the po- 
tentially confounding effect of biologi- 
cal heterogeneity was reduced by limit- 
ing the study to rigorously defined 
patient groups. 

Even when adopting rigorous se- 
lection criteria, there is still the possi- 
bility that it is symptoms or symptom 
clusters, and the abnormal psychologi- 
cal processing that they reflect, that 
will relate best to underlying neuro- 
biology. Using a symptom-based ap- 
proach, distinct profiles of neural activ- 
ity have been described in association 
with the common patterns of symptom 
expression in both depression and 
schizophrenia 2.3. It would be intriguing 
to know whether the patients in the 
study of Drevets et al. shared common 
symptom profiles. This could provide a 
clue to the psychological processes me- 
diated by the focal abnormality de- 
scribed in their patients. Symptoms are, 
in principle, susceptible to a cognitive 
analysis that can point to the relevant 
underlying processes. As an example, hal- 
lucinations are proposed to represent 
a failure of normal self-monitoring 4. 

However, an approach to complex dis- 
orders based on symptoms does not to- 
tally rule out the possibility that a core 
neurobiological deficit with variable 
anatomical expression may account for 
distinct symptom profiles. 

Psychological theory provides a 
framework for explaining symptoms 
and disease processes. In the study of 
memory the impact of theory, where 
memory has been fractionated with 
respect to conscious access, temporal 
duration and functional role, is self 
evident. Emotion has proved more 
impenetrable both from the perspec- 
tive of psychological theory and neuro- 
biology. Emotional regulation is usu- 
ally ascribed to the limbic system. This 
conceptualization is now seen as hav- 
ing fostered an unnecessary dichotomy 
between cognition and emotion. At a 
more fundamental level, no consensus 
exists as to the core anatomical struc- 
tures that constitute the limbic system. 
Many researchers now argue that the 
concept of emotion is too general and 
suggest an analysis akin to that devel- 
oped in the understanding of memory 
function. A notable effort to fraction- 
ate emotion can be found in the work 
of LeDoux, who has elaborated a 
neurobiological model of fear process- 
ing involving structures such as the 
thalamus and amygdala s. Therefore, an 
emerging perspective suggests a focus 
on discrete emotions. 

The precise deficit highlighted by 
Drevets et  al. was a functional and 
morphometric abnormality, localized to 
a region of the anterior cingulate cor- 
tex just below the genu of the corpus 
callosum in patients with distinct types 
of mood disorderL The deficit involved 
decreased resting state measures of 
blood f low and glucose metabolism in 
addition to decreased cortical volume 
in the same region. A small sample of 
bipolar patients had increased glucose 
metabolism in this region while in a 
manic phase of their illness. What 
makes these findings compelling is that 
they were replicated over a number of 
different subject groups, 

These findings are both important 
and exciting and add to other evidence 
indicating abnormal cingulate function 
in mood disorders. A central role for 
the cingulate in mediating emotional 
experience was first postulated on 
anatomical grounds by Papez 6. A more 

dorsal cingulate region has been high- 
lighted in earlier functional neuro- 
imaging studies of mood disorder 7. 
Drevets and colleagues note that this 
region has extensive anatomical con- 
nections with other structures impli- 
cated in emotional behaviour, includ- 
ing the amygdala, as well as with the 
sites of origin of brainstem ascending 
neuromodulatory systems. As already 
indicated, the question left unan- 
swered is what psychological processes 
are mediated by this region. Some clues 
are provided by recent neuropsycho- 
logical and functional neuroimaging 
studies. 

Damasio, and colleagues have 
shown that a ventromedial prefrontal 
region, which overlaps the subgenual 
cingulate, is important in evaluative as- 
pects of behaviour, particularly with 
respect to future outcomes of current 
behavioural repertoires a. Roils et al. 
have highlighted the role of a similar 
region in emotional learning mecha- 
nisms 9. Elliott and colleagues, in recent 
functional neuroimaging experiments, 
have shown that a similar region is ac- 
tivated when subjects monitor perfor- 
mance feedback ~°. The suggestion from 
these studies is that this region has an 
evaluative role with respect to whether 
present or future behaviour will lead to 
reward or punishment. If this isthe case, 
the question raised is whether these 
findings can be reconciled with path- 
ology of this region in mood disorders? 
While speculative, a deficit in evalu- 
ative processing could lead to an ab- 
sence of behavioural incentive as well 
as the apathy and anhedonia which are 
core features of mood disorders. 

The message from the study of 
Drevets eta/ .  is that this and related 
cingulate regions may be critical in 
emotion control and, as a consequence, 
should be an important target for com- 
plementary forms of research, such as 
histopathological and neurochemical 
assessments. A functional analysis of its 
role in normal cognition is clearly of 
equal importance. For many years psy-. 
chiatric research existed in a vacuum 
with respect to the rest of neuroscience. 
It is now clear that progress in under.- 
standing mental illness is critically de- 
pendent upon on-going interaction:; 
with neuroscience. It is equally clear 
that, more than any other investigatiw. ~ 
modality, functional neuroimaging has 
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contr ibuted to  fostering and sustaining 
these interactions. 
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Response from Drevets 

C l i n i c a l  neuroscience investigations 
into the biology of  mood disorders 
struggle w i th  the l imitat ion that  psy- 
chiatric nosology remains at a syndro- 
matic level, in which behavioral signs 
and symptoms, rather than patho- 
physiology, define diagnostic entities. 
Consequently, specific links between 
syndrome and pathophysiology may 
not exist, and syndromes such as major 
depressive disorder are expected to  en- 
compass et iopathological ly heterogen- 
ous groups of  disordersL Addressing 
this l imitat ion in research aimed at 
elucidating the neuroimaging corre- 
lates of  psychiatric syndromes and the 
cognitive-behavioral correlates of neuro- 
imaging abnormali t ies is the subject 
of  Dolan's insightful and eloquent  
commentary 2. 

As summarized by Dolan, we re- 
cently reported that  positron emission 
tomographic (PET) measures of  regional 
blood f l ow  and glucose metabolism 
and magnetic resonance imaging (MRI)- 
based measures of  gray matter  volume 
are abnormally reduced in the sub- 
genual prefrontal  cortex (PFC) in de- 
pressed subjects wi th  famil ial major 
depressive disorder ( 'unipolar depres- 
sion') and bipolar disorder ('manic- 
depressive illness') 3 (Fig. 1). This cortex 
is situated on the anter ior cingulate 
gyrus lying ventral to  the genu of  the 
corpus callosum and, as such, may also 
be described as the subgenual or suh- 
callosal anterior cingulate cortex. These 
data complement other  evidence im- 
plicating anter ior cingulate funct ion 
in normal and pathological emot ional  
states 2. 

In considering approaches for  fur- 
ther  characterizing the nature of  these 
neuroimaging abnormalit ies, Dolan 
proposes that  the neurobiological 
deficits tha t  they reflect may correlate 
more closely wi th  a symptom cluster 
than wi th  a discrete clinical category. 
Appl icat ion of  this 'symptom-based 
approach' is exempli f ied by a seminal 
study in which he and his colleagues 
linked the abnormal blood f l ow  reduc- 
t ion found in the dorsolateral PFC in 
both major depression and schizophre- 
n i a t o  ratings of  impoverished speech 

(presumably reflecting psychomotor 
slowing and psychomotor impoverish- 
ment  in the depressed and schizo- 
phrenic samples, respectively) 4. Dolan 
queries whether  the mood disordered 
groups we studied may also have com- 
mon symptom profiles that  correlate 
wi th  the anatomical abnormal i ty in the 
subgenual PFC. 

Dolan fur ther  proposes that,  based 
upon evidence that  this region plays an 

evaluative role in normal cognit ive 
processing, dysfunction wi th in  the sub- 
genual PFC may be associated specifi- 
cally w i th  a 'defici t  in evaluative pro- 
cessing' that  leads to  the pathological 
emot ional  features of  mood disorders. 
The results o f  lesion analyses, electro- 
physiological studies and other  func- 
t ional imaging data (including studies 
performed by Dolan and his colleagues) 
converge to  suggest that  the sub- 
genual PFC is part of  a ventromedial pre- 
f ronta l  cortical system for  evaluating 
the outcome of  behavior in terms of  
punishment and reward s-7. Damasio hy- 
pothesized that  this evaluative process 

Fig. 1 Decreased blood f low in the prefrontal cortex of depressed subjects. The 
area of reduced glucose metabolism in the subgenual portion of the anterior cingulate 
gyrus (subgenual PFC) is illustrated in an image composed of voxel t--values comparing 
depressives and controls. The image was produced by a voxel-by-voxel computation of 
the unpaired t-statistic to identify inherent differences in metabolism between a sample of 
familial bipolar and unipolar depressives {n = 17) and a sample of healthy control subjects 
(n = 12). This t-image was generated post hoc to provide optimal localization of the meta- 
bolic abnormality identified using other techniques (which included corr,parisons involving 
independent subject samples). The negative t-values, shown in a cronal section at 31 mm 
anterior to the anterior commissure (Y = 31 ram) and a sagittal section at 3 mm left of the 
midline (X=-3 mm), correspond to areas where metabolism is decreased in the depressive 
subjects relative to controls. The area of reduced metabolism in the subgenual PFC is at 
least partly accounted for by a corresponding reduction in cortex, as MRI-based morpho- 
metric measures in the same subjects showed that the left subgenual PFC cjrey matter volume 
is reduced in both bipolar disordered and unipolar depressed groups relative to the control 
group. The primary PET images from which the t-image was generated were stereotaxicallly 
transformed into the coordinate system of Talairach and Tournoux ~8, from which the cor- 
responding atlas outlines are shown. Anterior is to the left and dorsal is towards the top of 
the page. Reproduced, with permission, from Ref. 3. 
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