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Stress responses as modulators of the psychological functions related to
learning and memory:
How does peripherally released epinephrine enhance memory?

Toshihiko Sato

Department of Health and Social Services, Tohoku Bunka Gakuen University

Abstract.

Generally, our bodies show a variety of changes in autonomic functions when
confronted with stressful stimuli. In addition, it is well known that memory functions
can be enhanced in emotionally arousing situations. In this paper, the definition of
“stress” and the relationship between stress and “emotion” are discussed by focusing on
each of the following four aspects of stress: (1) stress as a stimulus-—stressor, (2) stress
as a response—strain, (3) stress as a process that includes cognitive appraisal and
coping, and (4) stress as having motivational properties for coping. Next, the author
points out that there are some types of stress-related phenomena that enhance human
memory, such as “flashbulb memory” and posttraumatic stress disorder (PTSD).
These phenomena might be related to some of the bodily reactions that occur as
responses to acute stressful events. Thus far, it has been observed that some of these
bodily responses to emotionally arousing stimuli, namely, peripherally released
epinephrine, could influence both learning and memory functions. However,
epinephrine released peripherally cannot fully pass the blood-brain barrier (BBB) to act
directly on the memory system in the brain. Therefore, it is necessary to seek
alternative candidates for mechanisms that mediate the enhancing effects that some
bodily responses occurring in stressful conditions have on memory functions. In this
paper, two possibilities are discussed. First, as other authors have pointed out, the
B-adrenergic system might play a major role in the afferent feedback from peripheral
bodily functions to the brain. Peripherally released epinephrine could stimulate the
vagal afferent nerves by binding the B-adrenergic receptors located on these nerves, and
these nerves in turn could affect brain activity. Second, as the author has recently
postulated, peripherally released epinephrine could activate the cardiovascular functions
and, then, the baroreceptors located in the arteries, which are sensitive to the changes in
the blood pressure level, could be stimulated. As a result, such receptors affect the
brain activity via afferent nerves originating from these receptors. These two
mechanisms might operate simultaneously and coordinate to intensify and prolong the
central actions of these afferent feedback mechanisms. Furthermore, the feasibility
and utility of the application of these findings to clinical treatments and education are
also discussed.

Keywords: stress, emotion, memory, epinephrine, cardiovascular functions

69



