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Autonomic regulation of the heart under microgravity
Yoshihiro Ishikawa, Susumu Minamisawa, Motohiko Sato, Satoshi Okumura

Yokohama City University School of Medicine

Abstract: We used transgenic mouse models with either disrupted (AC5KO) or overexpressed
ACS in the heart (AC5TG), and analyzed heart rate variability (HRV) in pre-microgravity level
flight, under microgravity, and in post-microgravity level flight during parabolic flight. Heart
rate under microgravity became lower than that in pre-microgravity level flight in wild type
(WT) and AC5TG while it was unchanged in AC5KO. The ratio between low frequency (LF)
and high frequency (HF) in HRV analysis became significantly lower under microgravity in
WT and AC5TG while there was no such a decrease in ACSKO. Normalized HF became
significantly greater in WT under microgravity, and became even greater in AC5TG. In
contrast, there was no such increase in AC5KO under microgravity. Accordingly, changes in
autonomic indexes in response to microgravity were augmented in AC5TG while attenuated in
ACSKO, suggesting that the amount of ACS5 plays a major role in determining the magnitude
of cardiac responses, at least, to microgravity.
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Figure. Schematic model for therole of ACS5.
Upper; control of heart rate in pre-microgravity. AC5
responds to sympathetic stimulation via beta-adrenergic

receptor (beta-AR)/Gs as well as

to parasympathetic

stimulation via mAChR (muscarinic receptor type 2) /Gi

invivo.

HR in pre-microgravity level flight in AC5KO

and AC5TG were significantly higher than that in WT

probably through the attenuation

of parasympathetic

response in AC5KO and the increase of sympathetic

response in AC5TG (left).
microgravity level flight.
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er; heart rate in
athetic response was

decreased and parasympathetic response was increased

in WT, leading to lower heart rate.

These responses

were exaggerated in AC5TG, i.e., sympathetic response
was decreased and parasympathetic response was
increased to greater degrees in AC5TG while these

changes were absent in AC5KO.
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