
a mutually inhibitory, reciprocal relationship between the
subcortical-limbic and (particularly right) dorsal-prefrontal
structures, with the rostral ACC acting as an interface between
them. Based on research showing reciprocal patterns of activity
in right prefrontal and subcortical-limbic structures in base-line
depressed and post-treatment patients, and in transient induced
sadness in both patients and controls, they propose that a lack
of control or influence of right prefrontal structures over

subcortical-limbic structures may explain the combination of
symptoms seen in high NA states. Decreased functioning of the
hippocampus, right DLPFC, and dorsal ACC might result in
reduced cognitive processing skills and executive functioning,
whilst consequent uncontrolled functioning of the amygdala
and ventral ACC may result in abnormal somatic and
autonomic responses to affective stimuli.

We propose that a similar, but left lateralised circuit linking
subcortical limbic structures and dorsal prefrontal structures
underlies PA, with reduced involvement of the hippocampus
and ventral ACC, and the addition of the NAcc as a central
component of the circuitry. The amygdala is suggested to be
connected to the NAcc in a serial manner, whereby it provides
the NAcc with information about the associations between
discrete stimuli and reinforcements. NAcc projections to
left prefrontal areas including the dorsal ACC and DLPFC
are suggested to promote conscious feelings of pleasure, and
influence drive to engage in pleasurable acts. In return, these
prefrontal regions regulate core positive affective processing
occurring in the NAcc and amygdala via downward
projections.

This model is in line with recent theories of the neural
circuitry underlying promotivational behaviour (Berridge,
2003; Depue and Collins, 1999). These theories stress the
role of DA as a facilitator of neural processes subserving goal-
directed behaviour. DA projections from the Ventral Teg-
mental Area (VTA) to the NAcc and prefrontal cortex are
suggested to be important for PA. Supporting our model, there
is evidence suggesting that DA projections may be slightly
more abundant in the left hemisphere than the right.

As mentioned in the introduction, Constraint is unlikely to
be an independent factor, but rather interacts with both NA and
PA. The brain system underlying Constraint is therefore likely
to be highly complex and involve several, if not all of the
structures that have been mentioned in this review. We propose
however, that the amygdala, NAcc, dorsal ACC, DLPFC, and
OFC are key regions in the Constraint circuitry. The dorsal
ACC, DLPFC (particularly right) and OFC (lateral sector
specifically) have all been implicated in aspects of behavioural
inhibition and cognitive control. It is suggested that Constraint
is positively associated with the degree of inhibitory control
that the dorsal ACC, DLPFC, and lateral OFC have over the
amygdala and NAcc. With a reduction in this inhibitory
control, behaviours may be motivated by immediate signals of
reward and punishment that are encoded in the amygdala and
NAcc.

Depue and Collins (1999) propose that the biological basis
of Constraint is functional activity in the 5-HT projections from
the midbrain raphae nuclei to motivational circuitry, including
the amygdala and NAcc, and prefrontal regions involved in
behavioural inhibition, including the dorsal ACC, DLPFC and
OFC. Individuals with low 5-HT are hypersensitive to sensory
input, such that with reward signals, behaviour is more strongly
motivated by short-term than long-term goals. When faced
with punishment signals, low Constraint individuals may
engage in active avoidance behaviour rather than delaying
action.

Fig. 1. Structures proposed to comprise the neural circuits underlying the three
temperamental dimensions; (a) High Negative Affectivity, (b) High Positive

Affectivity, (c) High Constraint. Note that the particular hemisphere chosen to

display each temperament is not meant to imply that only structures in that

hemisphere are implicated. However, there is evidence to suggest that the right
DLPFC is particularly involved in NA, the left DLPFC is particularly involved

in PA, and right prefrontal structures (DLPFC and dorsal ACC) are particularly

involved in Constraint. Hipp, Hippocampus; NAcc, Nucleus Accumbens; OFC,

Orbitofrontal Cortex; ACC, Anterior Cingulate Cortex; DLPFC, Dorsolateral
Prefrontal Cortex.

S. Whittle et al. / Neuroscience and Biobehavioral Reviews 30 (2006) 511–525520


