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SPECIAL ADAPTATION TO COLD ENVIRONMENT
LECTURE 1

Akihiro KUROSHIMA
Department of Physiology, Asahikawa Medical College

Three types of physiological adaptation to cold (cold acclimation) have
been recognized in the homeotherms, including men; metabolic, insulative and
hypothermic ones. The present review is mainly concerned with metabolic
mechanism of cold acclimation. Metabolic cold acclimation is characterized by an
enhanced nonshivering thermogenesis (NST). In small mammals such as rats, mice
and guinea pigs cold acclimation can replace cold-induced shivering completely
with NST, amounting to as much as 2 to 3 times the resting metabolic rate.
However, the extent of NST in men is about 20% of resting metabolic rate at most.
In any case, metabolic cold acclimation evokes an improved cold tolerance by
extending the low temperature limit.

Major factor regulating NST is noradrenaline released from the synpathetic
nerve terminals and the main locus for NST is brown adipose tissue (BAT). Cold
acclimation stimulates the release of noradrenaline and also causes an increased
responsiveness to thermogenic action of noradrenaline. BAT activity is also
enhanced and BAT undergoes a marked hyperplasia during cold acclimation. We have
indicated by a series of experiments that pancreatic hormone, glucagon, may be
involved in an enhancement of NST through activation of BAT. Plasma glucagon
level increases in the cold-acclimated rats. Calorigenic action of glucagon is
potentiated in whole body as well as BAT of cold-acclimated rat. Chronic
administration of glucagon to the rats simulates cold acclimation, resulting in
an improved cold tolerance accompanied by enhanced activity of BAT and increased
NST. Cold acclimation elevates the glucagon level of BAT. Furthermore, when NST
is maximally developed by noradrenaline, glucagon levels in plasma as well as BAT
and plasma glucocorticoid, corticosterone, level 1increase and the magnitude of
increases in plasma hormone 1levels are greater in the cold-acclimated rats,
suggesting that these hormones released by noradrenaline act in synergism on
enhancing NST in BAT.

Not only cold, but also overfeeding and nonthermal stress such as immobi-
lization can improve cold telerance through enhancing NST in BAT. Since cold-
exposed animals eat more food, it might be argued that cold-enhanced NST may
result from the increased food intake, overfeeding. However, the cold-exposed
rats pair fed with warm controls exhibit the same degree of cold tolerance and
NST to those in the cold-exposed rats fed ad libitum. The finding indicates that
an enhanced NST and cold tolerance during cold acclimation is spcific to cold
stimulus but not the increased food intake which occurs in the cold.

Intermittent cold exposure (6 hour/day, 4 weeks) can result in the same
extent of cold tolerance and NST under less energy-consuming and less stressful
conditions as those elicited by continous cold exposure for 4 weeks. The result
indicates that repetitive short- term cold exposure derive the same cold
adaptability as that induced by continous cold exposure, but requiring only one-
fourth of the time of continous exposure.

The discussion mentioned above discloses that development cold acclimation
from the metabolic view point requires multiple neuroendocrine mechanisms and
such mechanisms function as a fail-safe system ensuring homeothermic organization
in the cold.
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Fig.1l A diagrammatic expression of the sequence of the responses of a small mammal such HT%I%Qﬂft@ﬁﬁ?EﬁﬂﬁE@ﬂﬂ % ch e

as the laboratory ral to a sustained low ambient temperature. TT =

lol'al lher_mogencsis; Lz‘gt ¥ 3 f\‘:iﬁﬁﬂﬂ{t@ﬁﬁ’@&s BNST oW T

ST = shivering thermogenesis; NST = nonshivering thermogenesis; I = insulation (pclage

and/or subcutaneous fat). Period A = period at thermoneutrality; A/B interface = point at , :E-g)%}ﬁ & ﬁﬂﬁﬁ&ﬁ&%gi‘ 3.

which ambient temperature is lowered ; period B = period of acclimatory improvement in ST;

period C = period of maximum ST; period D = period of increase in NST and decrease in
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ST, period E = pcrio'd ol'.maximrm ar.\d sustained NST; period F = period of increase in I ﬁﬁﬁﬁﬁf.&‘-li'ﬁ'%iﬁﬂ)?‘ﬁiﬁﬂ’ﬂﬂﬁ , ThbbAh3

and decrease in NST; period G = period of adequate 1 and near-basal TT.
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Flg-Z Metabolie vs. insulative acclimatization. L, and L, represent low
temperature limits of unimals acclimatized to warm and cold climates.
Extension of limits from L, to L, may be carricd out through insulative
or metabolic adjustment. In insulative acclimatization there is lower.
ing of the critical temperature from B to B’ and change in slope from
BC to BC'D’, so that the energy expenditure is not greater at L,(D’)
than at L,(C). In metabolic acclimatization there is extension of the
curve BC to BCD with greater energy expenditure at 1,(D) than at
L.(C).
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Fig- 3 afl of fatr lar injections of norepinephrine on the
maguitude of the calorigenic response in cold-adapted (5°C) and warm-
adapted (25°C) rats. Lower panel shows changes in rectal temperatures.
(From Jansky, Bartlfikovd, and Zeisberger, 1967.)
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Fig.4 Time-course of secretion of hormones and the changes
in responsiveness (o hormones during exposure 10 cold. Cs,
corticosteroids; DOC, desoxycorticosterone; Ep, epi-
nephrine; NE, notepinephrine; T,, triiodothyronine; T,,

thyroxine.
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Fig.5 Changes in the plasma glucagon levels after noradrenaline injection (the lefl
figure) und the 95° confidence interval of increase with mean (the right figure). NA,
noradrenaline: and B3 . warm controls: - -~ and £} . cold-acclimated
rats; 7. saline-injected proup. @ NA (40 g 100 g)-injected group. *.**. and
*** Significantly ditferent (rom the initial level. p<0.05, 0.01. and 0.001. re-
spectively. *. % and ***Significanthy different from the respective warm control.
p<0.05.0.00, and 0 001 respecrively. Each point und column indicates the mean of
8 10 ruts. Vertical bars indicate standard crrors of the meun.
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Fig.6 Chunges in the immunoreactive glucagon (IRG) levels in the interscaputun
brown adipose tissue (1S-BAT) ufter noradrenaline injection (the left figure) und the
93¢, confidence interval of increase with mean (the right figure). Symbol legends are
the same asn Fig
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