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Abstract: Yawning is often observed in not only the states of boredom and drowsiness
but also a stressful situation. Additionally, several studies have shown that
anxiogenic compounds, which can potently induce anxiety-like behaviors such
as grooming and scratching, are often accompanied by yawning responses in
monkeys. These reports suggest that yawning might be an emotional behavior
through activation of amygdala neurons, because the amygdala is a region
mediating emotional expression involved in anxiety or fear. Previous studies
have shown that oxytocin (OT) and corticotropin-releasing factor (CRF)
neurons in the paraventricular nucleus of hypothalamus (PVN) could be
critical for the induction of stereotyped yawning, which is characterized an
initial depressor response and an arousal shift in electrocorticogram (ECoG)
followed by a single large inspiration with mouth opening. Therefore, we
investigated the effect of chemical stimulation of the central nucleus of
amygdala (CeA), which is a most important output region for the expression
of emotional responses, on yawning responses in anesthetized, spontaneously
breathing rats, and compared to the stereotyped yawning response evoked by
chemical stimulation of the PVN. Yawning response was evaluated by
monitoring intercostals electromyogram as an index of inspiratory activity. We
also recorded blood pressure and the ECoG to evaluate autonomic function
and arousal responses during yawning, respectively. Microinjection of L-
glutamate into the CeA elicited a stereotyped yawning-like response, but the
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induction rate of the yawning response by the CeA stimulation was slightly
lower than that by the PVN stimulation. Furthermore, these physiological
aspects induced by stimulation of the CeA as well as the PVN were associated
with a significant increase in c-Fos positive OT and CRF neurons in the PVN.
However, the PVN stimulation did not significantly increase c-Fos positive
neurons in the CeA. These results indicate that chemical stimulation of the
CeA can induces stereotyped yawning response, which would be mediated
through activation of OT and CRF neurons in the PVN.
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