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Brain mechanism involved in thermoregulation and the influence of aging

— focusing on thermal perception and behavioral thermoregulation —

Kei Nagashima, MBBS and DMSci

Body temperature and fluid laboratory, Faculty of Human Sciences, Waseda University

Abstract

Thermoregulation of warm-blooded animals is broadly classified into the autonomic
and behavioral. A wide range of research has been conducted on autonomous
thermoregulation and much knowledge has been accumulated. On the other hand,
behavioral tthermoregulation is a basic system possessed by most animals; however, the
mechanism remains unclear yet. Behavioral thermoregulation consists mainly of escape
from thermally-undesired environment and search for thermally-preferable environment.
As this mechanism, objective evaluation of the environment by inputs from the skin
temperature sensor (thermal sensation in a narrow sense) and subjective evaluation of
the environmental temperature based on core body temperature are performed (thermal
comfort). In particular, thermal comfort and discomfort are considered to be one of the
major motivations for behavioral thermoregulation. The brain regions involved in thermal
comfort and discomfort are mainly searched by neuroimaging techniques, and it is believed
that the insula plays an important role. In addition, involvement of amygdala, orbitofrontal
cortex, anterior cingulate gyrus, ventral striatum is expected.

Keywords : thermal sensation, thermal comfort, insula, afferent nerve
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DMH: dorsomedial hypothalamus, LC: locus coeruleus, LH: lateral hypothalamic area,
POA: preoptic area, RPa: raphe pallidus nucleus, SCN: suprachiasmatic nucleus, TMN:
tuberomammillary nucleus, VLPO: ventrolateral preoptic nucleus, GAL: galanin, His: histamine,
MCH: melanin-concentrating hormone, OX: orexin
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DMH: dorsomedial hypothalamus, POA: preoptic area, PVN: paraventricular nucleus, rMR:
rostral medullary raphe region, BAT: brown adipose tissue, Brs3: bombesin-like receptor 3,
GABA: gamma-aminobutyric acid, Glu: glutamate
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The role of hypothalamic circuits in age-associated alterations of sleep and

thermoregulation
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'Sleep and Aging Regulation Research Project Team, National Center for Geriatrics and
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“Department of Integrative Physiology, Nagoya University Graduate School of Medicine,

Nagoya, Aichi

Abstract

In mammals, aging significantly impacts on physiological homeostatic functions such
as sleep/wake regulation and thermoregulation. For instance, sleep is more fragmented
and sleep quality significantly declines with advanced age. Such age-associated alterations
of homeostatic ability are not only a consequence of aging, but might also be a cause of
aging itself. Recent studies have demonstrated that the DMH (dorsomedial hypothalamus)
plays important roles in mammalian aging as well as in the regulation of sleep and body
temperature. Thus, elucidating mechanisms by which neurons in the DMH control sleep

and body temperature will help us to uncover novel integrative mechanisms underlying

aging and longevity in mammals.

Keywords : Hypothalamus, dorsomedial hypothalamus, body temperature, sleep latency,

sleep homeostasis
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Thermoregulation upon starvation and its controlling pathway in Drosophila

Yujiro Umezaki
Visual Systems Group, Division of Pediatric Ophthalmology,
Cincinnati Children’s Hospital Medical Center

Abstract

Thermoregulation is important in maintaining animal body temperature. To keep a stable
body temperature, endotherms exploit both behavioral and physiological thermoregulation.
In contrast, ectotherms, especially smaller ectotherms such as the fruit fly Drosophila
melanogaster, generally utilize behavioral thermoregulation. This behavior is known
as temperature preference behavior or thermopreference behavior. Ectotherms choose
their preferred microenvironment to uptake or lose heat and their body temperature
subsequently follows the microenvironment temperature. Therefore, their body temperature
is equivalent to their microenvironment temperature. To date, some factors affecting
body temperature of mammals are similar to some elements influencing flies’ temperature
preference behavior, e.g. light conditions, circadian rhythms and aging. Moreover, recent our
findings show that flies change their preferred temperature according to their nutritional
state. Here I will introduce Drosophila temperature preference behavior and describe how
flies control their preferred temperature via metabolic signals upon starvation.

Keywords : Drosophila melanogaster, Body temperature, Temperature preference behavior,

Insulin/insulin-like growth factor signaling, TrpAl
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Mammalian hibernation ~ a survival strategy with hypometabolism and

hypothermia

Yoshifumi Yamaguchi
Hibernation Metabolism, Physiology and Development Group, Institute of Low Temperature

Science, Hokkaido University

Abstract

Mammalian hibernation is a survival strategy with hypometabolism and hypothermia
by actively reducing thermogenesis during harsh winter with little or no food. In both
hibernators and non-hibernators, hypothermia can be induced by adenosine signaling
via adenosine Al receptor. Hibernators remodel their bodies to prepare for the winter
and hibernation in a season or environment-dependent manner. It was reported that
thermoregulatory system, lipid metabolism pathways, and respiratory center are rewired
during the preparatory phase for hibernation. Hibernation is considered to extend ecological
longevity. Thus, hibernation research is a frontier left for biology and medicine of the 21st
century.

Keywords : Hibernation, Torpor, Hypothermia, White Adipose Tissue, Longevity
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