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Abstract

Stress is inevitable in our society. The ability to cope appropriately with the
stress of social life is essential for adapting to complex environments. However,
it is still unclear which brain regions and neural level characteristics contribute
appropriately to adaptive responses under stress. The thesis examined two ap-
proaches to investigate the mechanisms of adaptation processing under stress by
brain studies using fMRI and neuronal simulations.

First, during emotional regulation under stress in fMRI studies, the ventro-
medial prefrontal cortex (vmPFC) and pre-SMA showed significantly different
activity in response to image valence. The midbrain showed differences with
and without stress during assessing emotional images. Significant negative cor-
relations with trait anxiety were confirmed for vmPFC, and correlations were
obtained for pre-SMA, mainly for negative affect. Furthermore, functional cou-
pling between vmPFC and midbrain was negatively correlated with acute stress-
induced changes in anxiety. These results indicate that activity and functional
connectivity, including vmPFC, in emotion regulation reflect individual differ-
ences in response to stress.

Second, we focused on two distinctive firing types to understand the locus
coeruleus (LC) mechanisms, a noradrenergic resource that is important for con-
trolling the arousal that occurs in stress. We assumed two modes, homogeneous
and inhomogeneous, to understand how these firing characteristics function as a
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neural population. Combining these modes with a feed-forward neural network
model revealed that the homogeneous mode detects more significant spike coher-
ence than the inhomogeneous mode. On the other hand, the inhomogeneous mode
was found to have the ability to suppress spike coherence. These functions sup-
port previous studies in biological experiments, indicating that these two modes
are dynamically responsible for controlling cognitive processing, including stress.
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