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Mechanisms of Enhanced Cold Tolerance

induced by Exercise Training
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Fig.l1 Resting metabolic rate at 26°C and metabolic response to
two cold environments, 0°C and —10°C. Bars represent means
+8D. (Str$mme, et al. 1967)
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Fig.2 Resting oxygen consumption('{/‘O,)at 23 °C and VO, responses
to two cold environments, 5C and —4°C.
** Statistically significant (p<0.01) differences between warm
group and cold or trained groups.
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Table 1 Metabolic(\}Oz):ml/kg/min and thrmal(TcoD):°C responeses to
cold and warm exposures.

Group . 25°C . 0°C
vO2 Tcol vVO2 Teol
w X 23.58 37.10 48,23** 37.48
SD 1,57 0.38 - 2,81 0.21
WT X 27.43% 37,604 # 53.18** 4 # 37.96* &
SD 1. 74 0,30 4,15 0,21
C X 29.49% & 36. 50 54,28** ¢ ¢ 38.22** 4 #
SD 2.62 1.70 3.49 0,23
CT X 31,904 ¢ 36. 86 57.99** ¢ & 38,22** ¢ ¥
SD 2,43 1.36 4,86 0.31
WTvs. C N. S. N. S. N. S. p<0.05
WTvs. CT P<0.01 N. S. P<0,05 N.S.
Cvs.CT" N. S. N. S. N. S. N. S.

Statistically significant differnces between 25°C and 0 °C, and W and other groups:
*p<0, 05, * *p<0.01, and # p<0.05, # % p<<0, 01, respectively. N. S. :not signigicant
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Table 2 Effects of noradrenaline injection on plasma fatty acids(F F A),
oxygen consumption(V02) and colonic temperature (Tcol)
under 25°C air temperature.

w wT Cc CT
Saline FFA
X 0. 392 0,261** 0, 260** 0.243* *
. SD 0.049 0.041 0.069 - 0.032
vVO2 X 21.24 24,57 24,49** 31,90**
SD 3.04 3.244 8 2.62 2.130@
Teol X 37. 14 37.69° 36.53° 36. 87
SD 0.36 0.538 # 0.44 0.48@@
Noradernaline FFA
X2 0. 644 0.468** 0.404** 0.387**
. SD 0,045 0.028% # 0.055 0.012@@
voz X 23.97 27,58 42,86** ©43.83**
SD 5,19 4.46% % 129 2.08@@
Tcol X 37.89 38,47** 38.84** 39.14**
SD 0.21 0.32 0.92 0.52@@
Increase(mEq,/ml) :
X 0. 252 0. 207" 0,404** 00, 387* *
. SD 0. 047 0.035% 0.055 0.012@@
Vo2 X 2,73 3.01 42,.86** 43.83**
SD 0.50 4.46% % .29 2.08G@
Tcol X 0.75 0.78** 38.84** 39, 14**
SD 0.30 0.50 0.92 0.52@@
Rate of increses(%)
X 64.3 79.9** 55.4° 59.3
. SD 12,0 13.4% 3 7.5 9.10@
vo2 X 12.9 12.4 45,3** 37.4**
SD 5.0 4,34 8 5.8 7.04@0@
Tcol X 2.0 2.1 7.8%* 5.3**
SD 0.8 L3%# L5 2.60@

* x P<0,01, *<<0.05:vs. W, # # P<0.01,% P<0.05:vs. C
@@pP<0.01, @P<0.05: vs. WT
FFA(mEq/ £,VO2(ml/kg/min), Tcol(*C)
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Fig.3 The changes of colonic temperatues caused by hexamethonium
(28 mg/ ke body weight. i.p.) administration during cold exposure.
Data are presented as meanstSD. Asterisks indicates statistically
significant differences between before and after hexamethonium
administration.

Table3 The responses of consumpion (VO2) to0°C exposure after Hexa-
methonium (He) injection.

VO2(ml/kg/min) W WT C CT
25°C )—( 22,00 24.5 29, 26 33.156
SD 2.03 2.70 4,00 3.21
0°C X 48,00 53,40 55.37 57.35
SD 3.30 3.24 ) 4,00 5.43
0°C, 30mim after He
X 51,33 67.72** 51,61°* 50, 83
SD 8,22 1.20 }2. 44 7.70
0 °C,60min after He
X 53.68 71,30** 53,34 51, 60
SD 8. 45 1,28 3.05 6. 32

Signiffcant differences between \}OZ to 0°C exposure and \.102 to 0°C exposure after He
injection: * P <0, 05, * * P <0, 01
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Fig.7 Changes in colonic temperature induced by 2-deoxyglucose
(2-DQ) injection during cold exposure in unanesthetized rats.
*x p<0.01: Significantly different from saline injection levels.
Number of rats in each group was 20.
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Fig.8 The effects of total running distances onVO; increase caused
by acute cold exposure. Control rats lived without exercise
training. Data are presented as means *SD. Asterisks indicate
statistically significant differences between the trained rats
and the controls.
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Fig.9 The effects of training intensities on VO, responses caused
by acute cold exposures. Data are presented as means =SD.
Asterisks indicates statistically significant differences between
+4°C and —4°C exposures.
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Fig.10 The no.radrenaline (400 48 /kg body weight i.v.) induced
increase in VO: vs total running distances. Control rate lived
without exercise training. Data are precented as means*SD.
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Fig.14 Changes of finger and palm skin' temperatures for
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Fig.15 Middle finger skin temperatures of the short and -long
distance runners for cold water immersion.

Table4 Total weight(mg,”100g.”body weight)and chemical composition
(%) of interscapular brown adipose tissue.

Group Total FFDM Lipid Water
Control X 165.1 13.4 33.0 53.6
SD 42,2 3.1 10.7 14.4
Cold )—( 301, 4** 16,6** 23,3° R 60,1**
SD 35.5 2.4 5.7 8.1
Trained X 125.7° 14.5 25.5%* . 60, 0
SD 33.2 3.5 8.8 17.6
C-T ¥4

FFDM : Fat-free dry matter »
Warm group vs each froup, * * P<{0, 01, * P<{0, 05
C—T : Statistical di:'ference between cold and trained group, # # P<0.01
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