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Thermogenesis and Thermal Insulation in Rats Raised at High Altitude and Dark Condition
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Abstract . The aim of this study was to investigate the effects of high-altitude and dark condition on
thermogenesis and thermal insulation in rats. The animals raised at Yatugatake Mountain (altitude, 2400m)
and Matsumoto (altitude, 610m) comprised the six groups, namely, HC: animals raised in the normal cage in
the experimental tent at 2400m, HD: animals raised in the cage covered by cardboard in the experimental tent
at 2400m, LIC: animals raised in the normal cage in the laboratory room at 610m, LID: animals raised in the
cage covered by cardboard in the laboratory room at 610m, LOC: animals raised out of doors in the normal
cage at 610m and LOD: animals raised out of doors in the cage covered by cardboard at 610m. Each group
of animals was kept under the above condition for 1 month. The growth of body weight in LID group was
the highest in all groups until the 7-8th day, but on the 30th day, the values of both LOD and HD were higher
than those of other groups. The changes in food and water intake well accord with those in body weight
during the experimental periods. Oxygen consumption (VO2) measured at 0C in HC was the highest among
all groups. While, the values of VO2 in LIO and LID groups were signinifantly lower than those in the other
groups (p<0.05). There was a significant positive correlation between interscapular brown adipose tissue
(IBAT) weight and body weight (r=0.56, p<0.05). Their values of both HC and LOC were located at the part
upper than the least squares regression line, while the symbols for LIC, LID and LOD groups were l_ocated
at the part lower than the line. In the relative IBAT weight to body weight, the value for HC group was the
highest among all groups. There was no relation between various pelt components and environmental
temperatures. In the wet pelt and sebum weights, the effects of raising on the dark condition were observed
(LOD>LOC; p<0.05, HD>HC; p<0.05). There were significant inverse correlations between various pelt
components and VOZ measured at 0°C. While, there was a significant positive correlation between VQ2
measuredat 0°C and IBAT weight. These results indicate that adaptation to cold in rats is established by an
.enhanced thermogenesis via IBAT, while the reaction to dark condition in rats decreases the thermogenesis
and may increase insulation by pelt.
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Fig.1. Changes in body weight of rats raised at Mt. ’
Yatsugatake and Matsumoto. HC: raised at
2400m, HD: raised at 2400m(dark),
LOC: raised out of doors, at 610m,
LOD: raised out of doors at 610m(dark),
LIC: raised out of doors at 610m
LID: raised in doors at 610m(dark).
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Fig.2.
Changes in food and water intake of rats raised
at Mt.Yatsugatake and Matsumoto. Symbols are
the same as those in Fig.1.

2. BEOBFHNBE (VO2) BLURERE (TCO)
DL

Table L IZARIBOCICBIT 2 EEHENVO2 B LU
TCOE#ERL 72, VO2 ICBI L T, B b iEin g
BUCiEW30C TR EEMTEIER N VWhs, b
WO CHNRIBETIR2AMEEFTENHCE LU
HDETHRAL %), D T6l0mPEMNMMIERHNLOCH
& ULODEED £ 1L < o —H610mIBIRA B EHNLIC
B & ULIDmWBFMERMOFE - KL (EE LRI &
ToTwbd, TREFAEFICL ZV02 o8Iz DWW

TIRLICKLID %R L 72/l HC>HD. LOC>LOD#
ARLIHFEEEICETIEL 572, ‘

Table 1. Oxygen consumption(VO2) and
Colonic temprerature (Tco).

V02(nl/kg/min}
Group : Ambient temperature(°C)

0 10 20 30
HC M8 G.8% 42.0% 6.0% 3.0 T3¢ 20.0% 9.0
m 57.5211.1% 4% 6.3 B6E bdr .2 12
LOC  55.4%10.8% 50.0% 7.3% 35.0% 4.2x 26.8% 5.1
10D 48.5% 0.5% 46.4% 7.4% 32.8% 4.3% 26.5% 7.0
77.0% 7.3

LIC 36.9% 8.2~ 36.7%= 9.0 5.2+ 8.1

28.2+ 4.3 277.2x 6.2

V LiD 37.6x 7.3 36.51 8.2
; Teo(TH
HC  38.6+0.09% 38.2+0.07 38.2+0.12. 38.4=0.11
KD  38.7%0.07% 38.4+0.06  38.2+0.08  38.1x0.09%
LOC  38.5%0.11* 38.6£0.12% 38.5x0.07  38.3+0.00%

LOD  38.8:0.10% 38.7x0.07x 38.6+0.08% 38.4+0.04

LIC 38.2%0.14 38.2+0.18  38.2x0.16  38.7%0.09

LID 38.0%+0.14  38.1+0.06  38.3x0.10  38.5x0.14

Values are meann5D. *:p<0.05 vs LIC

NS:not significant. HC: raised in a tent at alt.2400m, HD: raised in a tent
at 21t.2400n under dark condition, LOC: raised out of door at alt.810m, LOD:
raised out of door at alt.610m under dark condition, LIC: raised in doors at
alt.610m, LID: raised in doors at alt.Bl0m under dark condition

TCOIZEAL T L 610mIBIZ A B DAL SRR
T &2 Z N5 DEIZHEAT 2 5°2400mE R B S
L UCImE N AT EAOMBEIT S I RIBETICHE Y
£ BImER»ER S, 0 °C TIRLIC, LIDDME &
DI HEEZHIED LN, TCOIZBWTRLEE D
BEATEIE O 8HIRED L L7\,
3. BEBEOEREMSHRIEEE (1BAT) 20L&
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BEEHB L 6LmMENEEHALOD BEAME L
7zo AKEIZ X § 2 IBATH #HE (mg/g) T2 HC
(2.37) >HD(2.29) >LOC(2.11) >LOD(1.91) > LIC
(1.56) >LID(1.38) DIEF D RKE S L4 ), 8otk
BT EHEFOBERETRL, L L., EHES
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BEZRL 720, BEZITICREL A o7, &b
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Fig.3. Relationship between interscapular brown
adipose tissue(iBAT) weight and body weight
in rats raised at Mt.Yatsugatake and
Matsumoto. Symbols are the same as
those in Fig. 1.
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BEICELTL, 2iER. £HER. TER, &
HER KSER. BHERE ER+ETEE ©&
DWW TEREIC XS 2 HH4HE (Table 2) B & UMKE &
ENENNELEEE DR (Table3) 27"l 72, &6

BBERICB T, LICARATLOCH B/ME % 7
L. £8AFE L OMICITEE»ZH LNt wv, Ly
L. BArEEIC £ 2%812LOD>LOC, HD>HC %
N ERFEEGBDO LN, EHBERD £ RS
Boniz, BOERIZ. LODEB L ULOCHIEWME # 7R
LM DABE L HEE L oo &R L LRSI R
Lilkdro e, BEASERIZ.LOD>LOC(P<0.05)

Zroup il HD Loc Lop Lic LID
Wet veight .
‘r 0-93 0.95 0.98 0.97 0.92  0.88

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Dry weight -

r 0.90 0.86 .0.86 0.91 0.99 0.4

p . <0.001 - <0.001 <0:001 :.<0.001 <0.001 <0.001

_Water weight ST : »

r 0.84 0.80 . 0.85. 0.98 0.97 0.97

B <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Hair weight :

r 0.92 0.78 0.84 0.78 0.77

B <0.001 <0.05  <«0.08  <0.05 <0.05
Skin veight

r 0.98 0.81 0.90 0.84 0.88 0.93

P <0.001 <0.05  <0.0] <0.01 <0.001 <0.001

r: correlation coefficients. Group names are the same as those in Table I.

Table 3. Relationship between analyzed pelt
weight and body weight

- Table 2. Analyzed pelt weight to body weight

Group HC HD

LOC LOD - LIC LID

Vet weight(%) 17.1%+0.8 17.8+0.4" 16.0+0.4 17.7%0.5" 18.2+0.8 17.7+0.8

Dry weisht(X) 8.3+£0.5 8.90.4
Water veight(¥) 8.7+0.5 9.0+0.3
Fat veight(¥) 1.5+0.1 1.9%0.7
Hair weight(¥) 2.1%£0.2 2.2+0.1

Skin weight(%) 4.5*1.0 4.7+0.3

7.7+0.5 8.3%x0.3" 9.0£0.5 8.8%0.5

8.2+0.2 9.3+0.4* 9.2+0.5 9.0+0.4

1.5+0.2 1.940.2° 1.6%0.2 2.1£0.2%

1.9+0.2 1.9%0.1 2.2%0.3 2.2+0.2

4.3+0.5 4.6+0.3 5.3+0.8 4.5%0.4%

Values are means=+SD.":p<0.05 vs HC,

5:p<0.05 vs LOC, Xp<0.05 vs LIC,

NS: not significant. The number of animals in each group is 10. Group names are

the same as those in Table 1.
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Pelt weight r B

(g}
wet 0.4 <0.05
dry Ry <0.01
water -0.25 NS
lipid 0.18 NS
hair -0.32 <0.05

skin -0.24 NS

r: correlation coefficient. NS: not significant.

Table 4. Relationship between analyzed pelt weight
and oxygen consumption (VO2) in &ll rats.
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Fig.4. Relationship between interscapular brown
adipose tissue(IBAT) weight and oxygen
consumption (VO2) measured at 0C in rats
raised at Mt.Yatsugatake and Matsumoto.

Symbols are the same as those in Fig.1. -
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