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The intricacies of dopamine neuron modulation
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The midbrain dopamine system has been traditionally associated with reward-related
phenomena; however, recent studies suggest a more generalized role for this transmitter
system. In this issue of Biological Psychiatry, Krebs, Schott and Diizel use imaging studies in
humans to provide evidence for a fascinating modulation of presumably dopaminergic
midbrain neurons, depending on personality traits of the individuals performing the tasks. The
authors suggest that the personality traits “reward dependence” and “novelty seeking”
modulate neuronal activation elicited by reward-predicting versus novel non-reward-
associated pictures in the substantia nigra/ventral tegmental area (1). This finding may help to
redefine neurotransmitter correlates of partially heritable personality traits and thus help to
explain how two apparently independent personality traits (i.e. “novelty seeking” and “reward
dependence”) can both be associated with behaviourally relevant phasic activation of midbrain
dopamine neurons. In 1987, Cloninger suggested that “novelty seeking”, “reward”
dependence” and “harm avoidance” are independent and partially heritable personality factors,
which are modulated by dopamine, norepinephrine, and serotonin, respectively (2). Further
studies partially confirmed this hypothesis: “harm avoidance” was indeed associated with
negative mood states such as depression and anxiety, which are modulated by serotonin
function in human and non-human primates (3). However, animal experiments provided little
proof for direct associations between norepinephrine neurotransmission and “reward
dependence” as a personality trait. Instead, animal experiments suggested that activation of
midbrain dopaminergic neurons can be elicited by both novel and reward-predicting stimuli
(4,5). If dopaminergic neurotransmission impacts on central processing of both reward and
novelty, is massive dysfunction of dopaminergic neurotransmission, e.g. as seen in alcoholism,
associated with closely correlated alterations in both “novelty seeking” and “reward
dependence”? The answer is no (6), and the question why this was not the case remained
unsolved for more than a decade.

The study of Krebs et al. (1) now sheds new light on the neurobiological correlates of
“exploratory excitability”, a core component of “novelty seeking”, and “reward dependence”.
In accordance with animal studies (4,5), they confirm that both reward-predicting and novel,
non-reward predicting stimuli can elicit neuronal activation in the substantia nigra and the
closely associated ventral tegmental area. However, whether activation is elicited more
strongly by either type of stimuli was itself predicted by the personality traits of “reward
dependence” versus “novelty seeking” and the authors suggest that if a larger part of brainstem
dopamine neurons is activated by novelty per se, fewer neurons will be stimulated by reward-
associated information. Indeed, the higher the midbrain activation to novel stimuli, the lower
was the effect of additional reward-related information on midbrain neuronal stimulation (1).
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This result suggests that at least partially overlapping neuronal networks in the midbrain
respond to novel and reward-predicting stimuli and that the relative percentage of neurons
responding to novelty versus reward anticipation may determine whether an individual is
biased towards seeking novelty or reward.

However, it is quite unlikely that computation of stimulus features that distinguish reward-
associated from novel cues occurs in a limited number of dopamine neurons (and GABAergic
interneurons) in the substantia nigra and ventral tegmental area. The authors point to current
data that suggest hippocampal control of striatal activation, a major projection area for
dopamine neurons. Specifically, hippocampal information on reward or novelty-related
features of sensory input can modify up- and down-states of striatal neurons and thus set the
stage for dopamine effects on fronto-striatal-thalamic neurocircuits that control goal-directed
behaviour (7). Moreover, it has been shown that hippocampal drive of the striatum, leading to
inhibition of the ventral pallidum and disinhibition of dopamine neuron activity, can control
the proportion of spontaneously active dopamine neurons. This would enable the ventral
hippocampus to control which population of dopamine neurons can elicit behaviourally salient
burst firing in response to appropriate reward- or novelty-related stimuli (8) thereby regulating
the amplitude of the dopamine signal received by the striatum. Previous experiences with
sensory stimuli, particularly related to their reward association or novelty, can thus direct
behavioural output.

Furthermore, the medial prefrontal cortex, which directly interacts with ventral striatal
neurotransmission, was activated by conditioned cues that signalled emotional stimuli, and the
degree of activation by such anticipatory cues predicted “novelty seeking” scores (9). The
medial prefrontal cortex responds to conditioned emotional cues via drive from the basolateral
amygdala, and this drive is necessary for behavioural expression (10). Recent evidence
suggests that amygdala activation elicited by emotionally salient stimuli is itself modulated by
dopamine storage capacity in ascending dopaminergic fibers (11). Furthermore, the medial
prefrontal cortex can attenuate ventral hippocampal drive of the nucleus accumbens (12).
Therefore, the medial prefrontal cortex is positioned to receive information on conditioned
emotional cues and to use these cues to control ventral hippocampus-nucleus accumbens drive
and thereby shape dopamine neuron firing. Individual differences in e.g. excitability of the
medial prefrontal cortex may determine whether a subject responds more strongly to reward-
related or novel stimuli. However, while such functional connections are highly plausible, most
of them are currently derived from animal experiments and human imaging studies are required
to elucidate individual differences in functional connectivity during processing of reward-
related versus novel stimuli and their respective impact on trait-like personality features.
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Neurocircuits implicated in Novelty-Seeking
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