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Effects of Physical Training on Enhanced Nonshivering Thermogenesis in Cold Acclimated Rats

Osamu KASHIMURA*, Yasunori YANAGIDAIRA* and Gou UEDA*
* Department of Environmental Physiology, Shinshu University School of Medicine

Abstract : This study suggested that the effects of physical endurance training on nonshivering thermogenesis
to acute cold exposure in male rats acclimated at cold environmental temperature.

Four groups, each 10, rats were experimented after 12 weeks under the following conditions ; sedentary
warm—rats (W) were acclimated at cold environmental temperature, sedentary cold —rats (C) were acclimated
at cold environmental temperature, warm trained—rats (WT) were acclimated at warm environmental
temperature, and cold trained—rats (WT) were acclimated at warm environmental temperature, and cold
trained—rats (CT) were acclimated at cold environmental temperature, respectively.

During exposure to cold, responses of the metabolic rate and colonic temperature of WT, C and CT were
greater than that of W. During exposure to cold, the responses of oxygen consumption after hexamethonium
injection decreased in C, and increased in WT. Increaments of the metabolic and thermal responses after
noradrenaline administration in W and WT were smaller than those of C and CT. Both the increments of CT
were smaller than those of C. After 12 weeks, the total weight and fat free dry matter content of the brown
adipose tissue in WT decreased compared with C and CT. The lipid content of the brown adipose tissue in WT
decreased in comparison with that in W. Rises of the free fatty acids after noradrenaline administration in C
and CT groups were greater than those in W and WT groups, respectively. '

It appears, that the thermogenic factors other than noradrenaline —induced nonshivering thermogenesis
may contribute to the enhanced thermogenesfs to cold in trained rats. Also, in consequence of the physical
endurace training, the enhanced thermogenesis during acute cold exposure in CT was partly replaced with the
thermogenic faétors other than the nonshivering thermogenesis to noradrenaline.

Key words : noradrenaline—induced thermogenesis, physical training, cold acclimation, tolerance to cold
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Table 1 Metabolic ('\.702) : ml/kg/min and thermal

£ M

MF) 3 & KT HEBEL E Lz, KBRICEL T, %
ERBTHI24RE R DB B L RIB25.0CRE L ERL 72,
1) SMESEEROBEERRE
RBBBIUVOICIIBVWT, v P OBEERE
(VO2) iBIfa VORI EEE (245 £350ml
min) THEIEL 72, .
2) WRMHEEERNIC L 2 MR REROVO2
FBBCBLTOCHRHTVO2 2 HIER. 0CEHR
W, 3R R TEI T & % Hexamethonium (AL
). 0.28mg/100gtKE % BIEWIC R 51, 2520 53057
3 1 U552 56047 B VO£ BIE L 7249,
3) NA#EZ L 2NSTHEYS L U mEFFARE
NSTO#EIZ. AiR25C EMEE 1 —~NA  bitartrate
(RIYeiR) 2 40ug/100gthE BEIRWNICHE S, 15
5 5205 HOVO2H £ X Tcol dRE D & Red 72 38
FFARIZEIZ. NAR GG HNELE AT, BB R
{Elx, EHEE KR5S L2, IEFFADSHTICIE.
NEFA-7 2 + 72— (FeMizE) 2#@ERAL 2.
4) REBIUVRGBEER
Zyv M3, 12BMATHAEZREL. =—F LB
BetklE AEIRE O B L. (OB, BIZIUEEF (WAT)
BIUVEFEHBERN IBAT) 2HEHFE L2,
N9 L, IBAT(Z, Folch et al. @ FEEic & Y110CT
ARFTHIER L %%, B 2HHLEEEEZ KD, &5
ISR ER (fat—free dry matter : FFDM)
ke,

(Tcol) : C responses to cold and warm exposures.

Group 25 C 0°C
vQO2 Tcol Vo2 Tcol
\'% X 23.58 37.10 48 .23%* 37.48
SD 1.57 0.38 2.81 0.21
WT X 27 . A3## 37. 60 53.18%*i# 37.96%#
) 1.74 0.30 4.15 0.21
C X 29. 498 36.50 54 28**## 38.20% x4
SD 2.62 1.70 3.49 0.23
CT X 31.90#4# 36.86 57.99 **##  38.22 **##
SD 9.43 1.36 4.86 0.31
WT vs.C N.S. N.S. N.S. p<0.05
WT vs. CT p<0.01 N.S. p<0.05 N.S.
Cvs. CT N.S. N.S. NS. N.S.

Statistically significant differences between 25°C and 0C, 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 The responses of oxygen consumption (\.TOZ) to 0°C exposure after
Hexamethonium (He) injection.

VO2(ml/kg/min) W WT C CT

25°C X 22.00 24.50 29.26 33.15

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,30min X 51.33 67.72%* 51.61* 50.83
after He SD 8.22 1.20 2.44 7.07
0°C,60min X 53.68 71.30** 53.34 51.60
after He SD §.45 1.28 3.05 6.32

Significant differences between '\'702 to 0°C exposure and V02 to 0C
exposure after He injection : *p<0.05, * % p<0.01

Table 3 Effects of noradrenaline injection on plasma free fatty acids (FFA),
oxygen consumption (VO2) and colonic temperature (Tcol) under 25C
air temperature.

W WT C CT
Saline
FFA X 0.392 0.261** 0.260%* 0.243**
SD 0.049 0.041 0.069 10.032
voz X 21.24 24 .57° 24.49%* 31.90**
SD 3.04 3. 24¢# 2.62 2.43e@
Teol X 37.14 37.69* 36.53* 36.87
SD 0.36 0.53# 0.44 0.48@ @
Noradernaline
FFA X 0.644 0.468* 0.404** 0.387**
SD 0.045 0.028#4# 0.055 0.012@ @
voz X 93.97 27 .58 42 .86** 43.83**
SD 5.19 4. 468 1.29 2.08@ @
Teol X 37.89 38.47** 38.84%* 39.14**
SD 0.21 0.32 0.92 0.52€ @
Increase (mEq/ml) .
FFA X 0.252 0.207* 0.404** 0.387**
SD 0.047 0.035# 0.055 0.012@ @
voz X 2.73  3.01 42.86%* 43.83**
SD 0.50 4. 468 1.29 2.08@ @
Teol X 0.75 0.78** 38.84** 39.14**
) 0.30 0.50 0.92 0.52@ @
Rate of increaes (%)
FFA X 64.3 79 .3%* 55.4* 59.3
SD 12.0 13. 4 7.5 g.1e@
Vo2 X 12.9 12.4 45.3* 37.4%*
SD 5.0 4,38 5.8 7.04@@
Tcol X 2.0 2.1 7.8%* 5.3%*
SD 0.8 1.34# 1.5 2.6@@

* % p<0.01, *p<0.05, : vs. W, ## p<0.0], # p<0.05,:vs. C
@@ p<0.0l, @p<0.05, :vs. WT
FFA (mEq/1), VO2 (ml/kg/min), Tcol ()
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Table 4 Composition of interscapular brown adipose tissue in each group.

& %= 4k

Group Total weight  Lipid FFDM Water
(mg/100g b - w) (%) (%) (%)
W X 139.3 57.0 16.1 26.9
SD 34.2%* 6.1 4.4 5.1

WT X 123.2 45.6%* 17.4 37.0%*
SD 21.4 5.2 . 4.8 7.4

C X 252.0%* 44.0** 23.4* 32.6*
SD 18.3 5.5 2.6 5.2

CT X 226.8%* 34, 7% 25.9* 39, 4%
SD 25.0 7.6 2.9 2.1

WT vs, P <0.01 N.S. D <0.01 N.S.
WT vs. P <0.01 P <0.05 P <0.01 N.S

C vs, N.S. P <0.05 N.S. P <0.05

FFDM : fat—free dry matter

W : control group acclimated to warm, WT : trained group acclimated to warm, C: cold acclimated group, CT
: trained group acclimated to warm, C : cold acclimated group, CT : trained group acclimated to cold

b - w : body weight

Statistically significant differences between W and other group : * p<0.05, * % p<0.01

N.S.: not significant
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